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Precautionary Note for Use of Bisulfite in 
Pharmaceutical Formulations 


JAMES W. MUNSON x, ANWAR HUSSAIN, and ROMAN BILOUS * 


Abstract 0 The effect of sodium bisulfite on aspirin hydrolysis was 
studied a t  40' in the pH range of 6.5-7.5. Significant catalytic activity 
by the sulfite ion was observed. Second-order rate constants were cal- 
culated for this catalysis and compared to other buffer species. The sulfite 
ion was a much more efficient catalyst than acetate, phosphate, or car- 
bonate. 


Keyphrases 0 Sodium bisulfite-effect on aspirin hydrolysis, various 
pH values Aspirin-hydrolysis, effect of sodium bisulfite, various pH 
values 0 Hydrolysis-aspirin, effect of sodium bisulfite, various pH 
values Antioxidants-sodium bisulfite, effect on aspirin hydrolysis, 
various pH values 


Sodium bisulfite, a widely used antioxidant, is known 
to react reversibly or irreversibly with various functional 
groups in drug molecules such as aldehyde, ketone, and 
alkene (1, 2). The inactivation of epinephrine and other 
drug molecules by bisulfite (3 ,4)  and the addition of bi- 
sulfite to a carbon-carbon double bond in uracil-type 
molecules (5) also were reported. 


However, the catalytic effect of bisulfite on ester hy- 
drolysis has not been recognized fully. Since many phar- 
maceutical preparations that employ bisulfite as an anti- 
oxidant may also contain esters as active ingredients or 
preservatives, the catalytic effect of bisulfite, if any, on 
ester hydrolysis should be examined. 


Aspirin was chosen as the model ester because its rate 
and mechanism of hydrolysis have been investigated 
thoroughly. 


EXPERIMENTAL 


Materials-All reagents were either analytical reagent grade or USP 
and were used without further purification. All water was double distilled 
in glass. All sodium bisulfite solutions were prepared fresh in double- 
distilled water saturated with nitrogen. Nitrogen was passed through a 
series of gas washing bottles containing vanadous oxychloride to remove 
trace amounts of oxygen. 


Methods-All pH measurements were made at  40.0" using a research 
pH meter' and a combination electrode with a silver-silver chloride 
reference electrode. Standard pH buffers were prepared according to 
Bates (6). All spectral measurements2 were made at 296 nm using distilled 
water as the blank. Temperature control was maintained to f0.1" using 
circulating water baths3. 


Determination of pKa for Sodium Bisulfite-The pKa for the disso- 
ciation was determined potentiometrically. A stock solution of sodium 
bisulfite was prepared in nitrogen-saturated distilled water. Sufficient 
sodium chloride was added to produce an ionic strength of 1.0 in the re- 
gion where the bisulfite was half-neutralized. A potentiometric titration 
was then performed at  40" under nitrogen atmosphere using 0.1 M NaOH 
containing 1 M NaCl. The pKa was calculated using the titration data 
near the half-neutralization point. 


Determination of Rate Constants for Aspirin Hydrolysis-Aliquots 
of stock solutions of sodium bisulfite, sodium chloride, and ethylenedi- 
aminetetraacetic acid (I) were mixed such that the final ionic strength 
at  40" and a t  the pH given would be 1.0 M. The bisulfite concentrations 


1 Beekman. 


3 Haake F2 and Sargent ST. thermometers carried an American Society of Testing 
Gilford model 240 spectrophotometer. 
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Figure 1-Plot of first-order rate constants for  the hydrolysis of aspirin 
as a function of total sodium bisulfite concentration. 


varied from 0.1 to 0.4 M. The final concentration of I was 0.0001 M in all 
cases. Compound I was added to suppress heavy metal-catalyzed oxi- 
dation of bisulfite. The volume of this mixture was adjusted to approxi- 
mately 90 ml with nitrogen-saturated water. 


The pH of this mixture was adjusted to the desired value under a ni- 
trogen atmosphere. The mixture was then brought to volume, and final 
pH adjustments were made at  40" under nitrogen. Aliquots of 1 ml of the 
aspirin stock solution (acetonitrile) were added to this mixture and 
stirred. Samples were removed as a function of time, and the absorbance 
was measured immediately at  296 nm. A nitrogen atmosphere was 
maintained a t  all times. The pH of the reaction mixtures was measured 
a t  the end of the reaction. If the pH changed more than 0.05 unit during 
the reaction, the data were discarded. 


Pseudo-first-order rate constants were determined from plots of A, 
- At uersus time, where A ,  is the absorbance at  296 nm at  the end of the 
reaction and At  is the absorbance a t  a given time t .  The actual rate con- 
stants were evaluated by an exponential least-squares fit4. Only reactions 
that gave a correlation coefficient greater than 0.995 were used in the final 
calculations. 


RESULTS AND DISCUSSION 


The pKa for the dissociation of bisulfite to sulfite was 6.36 (K ,  = 4.29 
X M )  at  40' and an ionic strength of 1.0 M. This value was used to 
calculate ionic strength adjustments for the kinetic analysis and in the 
calculation of the second-order rate constants. The increase in the hy- 
drolysis rate with increasing pH and increasing total bisulfite concen- 
tration suggested that both bisulfite and sulfite catalyses play an im- 
portant role. 


' Wang 600 programmable calculator. 
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Table I-Linear Regression Analysis Data for Plots of kob versus [NaHSO&,t,l 


PH Slope, liter mole-' sec-1 Intercept, sec-' Correlation Coefficient SE of Estimate (S,) 
6.5 9.09 x 10-4 5.30 x 10-5 0.998 3.87 X 
7.0 11.08 X 6.26 x 10-5 0.995 7.09 X 
7.5 13.98 X 6.59 x 10-5 0.999 1.48 X 


The rate equation that describes catalysis by both species is: 


kobs = ko + ki(HSOj-1 + k~[S03~-]  0%. 1) 


where ko is the rate constant for the uncatalyzed hydrolysis, k l  is the rate 
constant for the bisulfite-catalyzed hydrolysis, and k2 is the rate constant 
for the sulfite-catalyzed hydrolysis. This equation can be written as: 


kobs = ko + (~IFHso~- + k2Fso32-)[NaHS03lmt,l (Eq. 2) 


where FHSO~- is the fraction of the total concentration that exists as the 
bisulfite ion and Fso3z- is the fraction that exists as the sulfite ion. In 
solving the appropriate simultaneous equations derived from the data, 
the value for kl sometimes appears as a negative number. Furthermore, 
the values for k2 differ by as much as 25%. These findings suggest that 
the bisulfite ion does not play a significant role in the catalysis of aspirin 
hydrolysis. 


The rate equation that describes only sulfite catalysis is: 


kobs = k i  + k~[S03~-]  (Eq. 3) 


where k l  is the rate constant for uncatalyzed aspirin hydrolysis and kz 
is the rate constant for sulfite-catalyzed aspirin hydrolysis. This equation 
can be written as a function of total bisulfite concentration: 


hobs = k l  + kflso34NaHS031mta~ (Eq. 4) 


The values for Fsop- are 0.576 (pH 6.50),0.88 (pH 7.00), and 0.931 (pH 
7.50). Therefore, the slope of a plot of kobs versus total bisulfite concen- 
tration, at a given pH, is equal to the fraction existing as the sulfite ion 


Table 11-Rate Constants a t  40'. u = 1.0 


PH lo5 kl, sec-' lo3 kz, liter mole-' sec-' 


6.5 5.30 1.57 
7.0 6.26 1.36 
7.5 6.59 1.50 


Table 111-Second-Order Rate Constant for Aspirin Hydrolysis 
by Different Species at 40" 


SDecies k X lo5 M-' min-1 


Sulfite 8800.0 
Acetate 7.4 
Phosphate 69.0 
Carbonate 291.0 


times the second-order rate constant, kz. The intercept of this plot cor- 
responds to the rate constant for the uncatalyzed reaction, k1. The slopes 
and intercepts for the lines shown in Fig. 1 are given in Table I. The rate 
constants derived from these data are presented in Table 11. The average 
values for the rate constants are: kl, 6.05 X 
and k2,1.48 X liter mole-' sec-l (SD f 1.07 X 


To compare the catalytic effect of sulfite to other catalytic species 
commonly employed in pharmaceutical formulations, the data of Fersht 
and Kirby (7) for the hydrolysis of aspirin catalyzed by acetate, phos- 
phate, and carbonate have been included in Table 111. As can be seen from 
these data, sulfite is 1200 times more effective than acetate and 120 times 
more effective than phosphate. 


The significance of these findings with regard to the mechanism of 
aspirin hydrolysis as well as the catalytic effect of sulfite on the hydrolysis 
of other esters employed in pharmacuetical products is being studied in 
this laboratory. In conclusion, these results suggest that the possibility 
of sulfite-catalyzed ester hydrolysis should be considered carefully in 
formulations. 


sec-* (SD f 6.70 X 
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I n  Vitro Evaluation of an Anticholinergic Agent in a 
Timed-Release Solid Dosage Formulation 


ROBERT H. GUMTOW x, HEATHER BEECHER, 
DIANNE HARTNETT, and DIANE GLOGOWSKI 


~~ 


Abstract Determinations of intact drug content and in vitro disso- 
lution tests were carried out on a commercially available brand of the 
anticholinergic drug propantheline in 15-mg single-dose and 30-mg 
sustained-release tablets. These tests were made following a report of 
unsatisfactory therapeutic response in human subjects after ingestion 
of the 30-mg sustained-release dosage form. A chemical assay, specific 
for intact drug, showed that all tablets contained essentially the labeled 
amount of active drug species (f4%). However, the slow dissolution of 
the first 15 mg of drug (a usual single dose) from the 30-mg dosage form, 
as observed in acidic solution (0.1 N HCl), was unexpected based on 
manufacturer claims. Older and fresher lots of the 30-mg formulation, 
both of which fell within a recently revised 2-year expiration period at 
the time of testing, released only 6.0 f 1.4 mg of active ingredient during 
the 1st hr compared to 14.5 f 0.7 mg from regular 15-mg tablets. Of the 
30-mg tablets, the fresher lot released consistently more drug with time; 
the difference reached a statistically significant level of p < 0.01 a t  2 hr. 
The dissolution rates of all tablets were enhanced in more alkaline media, 
and little difference (p > 0.2) was evident between the older and fresher 
sustained-release lots at any time during 4-hr dissolution trials when the 
medium had been adjusted to pH 6.38 or above at 1 hr. In uitro dissolu- 
tion test results correlated well with in uiuo findings and showed that 
rapid dissolution of the initial 15 mg of propantheline from solid dosage 
forms in acidic gastric juices is critical to its therapeutic effectiveness. 
It was concluded that reformulation of the 30-mg sustained-release 
dosage form to promote more rapid release of the first 15 mg of drug or 
full reliance on single-dose tablets is necessary to ensure therapeutic 
efficacy. 


Keyphrases Propantheline-quantitative analysis and in uitro dis- 
solution, regular and sustained-release tablets compared 0 Tablets- 
propantheline, regular and sustained release, quantitative analysis and 
in uitro dissolution 0 Dosage forms-regular and sustained-release 
tablets of propantheline, quantitative analysis and in uitro dissolution 


Dissolution, in uitro-propantheline regular and sustained-release 
tablets compared Anticholinergic agents-propantheline, quantitative 
analysis and in urtro dissolution, regular and sustained-release tablets 
compared 


Propantheline is an anticholinergic drug extensively 
used in the treatment of peptic ulcers. Gibaldi and 
Grundhofer (1) followed salivary flow reduction as an 
index of drug activity. These data permitted comparison 
of the time of onset, intensity, and duration of effect de- 
rived from 15-mg regular and 30-mg sustained-release 
tablets and showed the 15-mg tablets to be superior in 
every respect. This discovery was unanticipated since the 
30-mg tablets are reportedly designed to release a single 
15-mg dose rapidly followed by relatively slow release of 
another 15 mg of active ingredient to sustain the desired 
therapeutic response. These investigators concluded that 
commercially available prolonged-acting tabletsl, con- 
taining 30 mg of propantheline bromide in timed-release 
(2) beads, apparently did not release 15 mg of intact drug 
during the 1st hr as claimed (3).  


This investigation determined whether or not the failure 
of the 30-mg dosage form to produce a consistent anti- 
cholinergic effect might be attributed to a dissolution 
and/or chemical stability problem. 


~ 


I Pro-Banthine P.A. tablets, Searle & Co., San Juan, PR 00936. 


EXPERIMENTAL 
Dissolution Apparatus-The dissolution apparatus was similar to 


that of Levy and Hayes (4). However, a 400-ml jacketed Pyrex beaker was 
employed, through which heated water was circulated to maintain the 
beaker contents at 37 f 0.1O. 


General Dissolution Procedure-Dissolution medium, 300 ml, was 
placed in the beaker and allowed to equilibrate to 37”. The stirrer paddle 
was immersed to a depth of 27 mm in the medium and adjusted to rotate 
a t  50 rpm2. Tablets were introduced at  time zero by sliding them down 
the inside of the beaker and carefully releasing them just below the sur- 
face. 


Cotton-filtered 5-ml samples of solution were removed at the times 
shown in Fig. 1. Aliquots of 5 ml of the appropriate replacement medium 
were added to the dissolution beaker immediately after the withdrawal 
of each sample. 


Dissolution Media-Acidic media included 0.1 (pH 1.09 f 0.01) and 
0.001 (pH 3.15 f 0.01) N HCl. Measured portions of phosphate buffer 
(0.5 M) were used to raise the pH of the 0.1 N HCI medium to.6.38 or 7.38 
f 0.01. 


Conversion of Media-Change of media was accomplished by adding 
5 ml of 5 N NaOH to 300 ml of 0.1 N HCl, mixing well, removing 55 ml 
of the resulting solution, and finally incorporating 50 ml of the appro- 
priate buffer to restore the original 300-ml volume. 


The 30-mg prolonged-acting tablets were subjected to the change of 
medium procedure at 60 min in situ to simulate passage of the residual 
dosage form from the stomach into the upper small intestine. 


Assays-Propantheline powder3, standardized according to the USP 
(61, was utilized to prepare standard curves for Assays A and B. Assay 
B was developed for use with relatively basic media because Assay A was 
sensitive only to intact drugl. Propantheline hydrolyzes in solution above 
pH 5 to xanthinecarboxylic acid (7). 


Ion-Pair Extraction Assay (A)-The calibration curve preparation 
for the propantheline assay uia an organic dye salt partition technique, 
followed by spectrophotometric measurement of complex color intensity, 
was described previously (8). 


UV Spectrophotometric Assay @)-A series of drug solutions, pre- 
pared from propantheline powder in 0.1 N HC1, ranged from 0.0016 to 
0.16 ghiter. Each solution was treated as described under Conuersion of 
Media. Five-milliliter samples were then hydrolyzed with 5 ml of 1 N 
NaOH. After 10 min, 10 ml of 1 N HCI was added to acidify hydrolysates, 
which were diluted to 50 ml with 0.1 N HCI. Absorbances of the resulting 
solutions were read in a spectr~photometer~ at  220 nm against a blank 
prepared without drug. 


Corrections were made for all dilutions encountered during the change 
of medium, hydrolysis, and acidification steps. A reproducible Beer’s 
curve, characterized by an absorptivity of 41.6 literdg, was obtained. 
Identical absorptivity was found for standard curves prepared from drug 
in acidic media (0.001 and 0.1 N HCl). However, with the acidic media 
the conversion of media procedure was omitted and samples were pro- 
cessed by adding 1 ml of 1 N NaOH, waiting 10 min, acidifying with 1.5 
ml of 1 N HCI, and finally diluting to 50 ml with 0.1 N HCI. 


Effect of Tablet Excipients on Assays A and B-Three tablets of each 
lot6 studied were crushed thoroughly and dissolved in both 0.1 N HCl 


* Levy et al. (5) demonstrated reasonable in uitro-in uiuo correlations between 
markedly different solid dosage forms at  this degree of agitation in a similar ap- 
paratus. 


Lot 046A, Searle & Co., San Juan, PR 00936. 
When a solution of propantheline in 0.1 N HCI was hydrolyzed by the addition 


of sodium hydroxide and then reacidified and subjected to Assay A, zero absorbance 
was observed. 


Coleman model 101 Hitachi, Coleman Instruments Carp., Maywood, IL 
60154. 


Lots 1074-461 (the “older” lot, which was manufactured in October 1974 and 
has an original expiration date of October 1979) and 875-503 (the “fresher” lot, 
manufactured in August 1975 with a revised 2-year expiration date of July 1977) 
of 30-mg Pro-Banthine P.A. tablets plus the same 15-mg Pro-Banthine tablets 
referred to in Ref. 1 (lot number unknown). 
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Table I-Dissolution Experiments Conducted 


Number of Tablet 
Experi- Tablets Strength, Duration, 


ment Testedo mg minlpH Assay 


1 5 15 60h.09 Ab 
2 5 30r 6011.09, 180/6.38 Bb  
3 5 30d 60/1.09,180/6.38 Bb 
4 2 30‘ 60/1.09,180/7.38 B 
5 5 3n= 240h.09 Bb 
6 5 30d 240/1.09 Bb 
7 2 15 517.12 B 
8 2 30d 60/7.12 B 


Each tablet represents a separate‘dissolution test. * Results depicted in Fig. 
1. c Older lot of tablets. d Fresher lot of tablets. 


and phosphate buffer (pH 6.38) with ample shaking. Cotton-filtered 
samples from each solution were assayed by Assay B, while only the acidic 
filtrates were analyzed by Assay A. No detectable influence on either 
assay by tablet excipients was observed since all lots yielded within f 4% 
of the labeled amount of drug. 


Dissolution Experiments-Specifications for all dissolution tests 
performed in this study are summarized in Table I. 


RESULTS AND DISCUSSION 


Dissolution curves generated from the 15-mg tablets and the two lots 
of 30-mg prolonged-acting propantheline tablets under different pH 
conditions are shown in Fig. 1. The markedly slower drug release from 
the prolonged-acting formulations in acidic media during the 1st hr 
parallels the comparatively poor in uiuo response observed previously 
(1). Relatively slow release of drug from the prolonged-acting tablets 
during the initial stages of dissolution was surprising since the manu- 
facturer claimed that: “on ingestion about half of the drug is released 
within an hour and the remainder continuously as earlier increments are 
metabolized” (3). 


Both types of tablet could be expected to exhibit similar dissolution 
profiles early in the dissolution process provided that the sustained- 
release formulation was functioning as claimed. Suppression of salivary 
secretion following administration of 15-mg tablets to three human 
subjects was pronounced whereas that from the 30-mg preparations was 
either less than satisfactory or nil. When Subject 3 of Ref. 1 ingested two 
of the older 30-mg propantheline tablets, no detectable depression of 
salivary secretion occurred. The other subjects experienced only about 
12% of the anticholinergic response produced by one 15-mg tablet when 
they took one of the older 30-mg tablets. When Subject 3 took two of the 
fresher 30-mg tablets, an area under the salivary flow uersus time curve 
comparable to two 15-mg tablets was measured. That is, the subject ex- 
perienced an effect equivalent to about half the dose contained in the 
fresher prolonged-acting preparation. However, the onset of action as- 
sociated with the fresher 30-mg dosage form was delayed approximately 
1.5 hr. Hence, although the fresher lot of 30-mg tablets exhibited better 
availability, improvement represented a less than satisfactory level of 
performance. 


Accountability for the labeled amount of drug in all lots of 30-mg 
prolonged-acting tablets uia Assay A precludes the possibility that in- 
adequate therapeutic effect was due to chemical instability of drug in the 
solid dosage form. 


No significant difference in dissolution patterns could be discerned 
between the older and fresher 30-mg tablets over 4 hr when they were 
subjected to the conversion of media procedure at  1 hr ( p  > 0.2). This 
result presumably is due to the natural leveling effect of enhanced dis- 
solution on 30-mg tablets by basic media. (Results of Experiments 7 and 
8 in Table I showed that drug dissolved about twice as rapidly from both 
dosage forms when the pH of the medium was raised from 1 to 7.) How- 
ever, when dissolution in 0.1 N HCl was continued beyond the 1st hr7. 
the difference in drug released from the older and fresher lots of 30-mg 
tablets steadily increased and became statistically significant between 
the 1st ( p  > 0.3) and 2nd ( p  < 0.01) hr and thereafter. 


Apparently, the improvement in in uiuo effectiveness derived from the 
fresher 30-mg product may be interpreted on the basis of dissolution 


Long-term dissolution runs in acidic media were considered realistic since the 
prolonged-acting tablets disintegrated slowly (hence, stand a greater chance of being 
retained in the stomach longer) and the anticholinergic effect of the drug could be 
expected to retard stomach emptying. 


I ‘- 60 140 180 240 
MINUTES 


Figure 1-Amount of propantheline dissolved as a function of t ime 
from 15-mg tablets (0) and older (e) and fresher (H) 30-mg pro- 
longed-acting tablets in 0.1 N HCl (-) and p H  6.38phosphate buffer 
(---) at  37O. Each data point represents the auerage of fiue separate 
trials. Vertical bars indicate f I SD. The  difference in  amount o f  drug 
released from older and fresher 30-mg prolonged-acting tablets in 0.1 
N HCl was statistically significant at 120 min and beyond (p  < 0.01). 


dissimilarity in an acidic milieu. This experimental finding is consistent 
with literature reports indicating that the rate and extent of pro- 
pantheline release from solid dosage forms, during residence in the gastric 
fluids, should be critical to its bioavailability and, hence, to the onset, 
intensity, and duration of the anticholinergic effect manifested. One 
report (7) indicated that almost no absorption of 14C-propantheline oc- 
curs from the stomach and that extensive decomposition takes place in 
the small intestine. Turnheim and Lauterbach (9) pointed out the main 
site of propantheline absorption is likely the upper small intestine where 
active uptake of other quaternary compounds has been postulated. Moller 
and Ros6n (10) discovered that an oral dose of propantheline must be 
about 10 times as large as the usual parenteral dose to achieve similar 
pharmacological effect. 


I t  follows that propantheline not in solution ready for absorption as 
i t  enters the upper small gut from the stomach cavity could be expected 
to exhibit low systemic availability and, consequently, reduced activity. 
The propantheline case is further complicated by the fact that anticho- 
linergic drugs retard gastric emptying, making the dissolution rate process 
of drug from a solid dosage form in gastric fluids an extremely critical 
determinant of propantheline bioavailability. 


Under these limitations, even careful optimization of the 30-mg pro- 
longed-acting formulation may be insufficient to render it effective. 
Reformulation of the 30-mg sustained-release dosage form to promote 
more rapid release of the first 15 mg of drug or full reliance on regular 
tablets is necessary to ensure therapeutic efficacy. 
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Viscosity and Surface Tension of 
Dilute Salicylic Acid-Cetrimide Systems 


LUCY S. C. WAN 


Abstract 0 The viscosity and surface tension of systems containing small 
amounts of salicylic acid in aqueous solutions of cetrimide were deter- 
mined. An abrupt increase in viscosity was observed, and the molar ratio 
of salicylic acid to cetrimide a t  which this viscosity increase occurred was 
1:2. The surface tension of these systems also increased sharply after an 
initial lowering. The salicylic acid concentration at which this behavior 
was demonstrated was almost the same as that a t  maximum solubility 
in the surfactant solution. 


Keyphrases n Salicylic acid-cetrimide-aqueous solutions, viscosity 
and surface tension Cetrimide-salicylic acid-aqueous solutions, 
viscosity and surface tension Viscosity-aqueous solutions of salicylic 
acid and cetrimide Surface tension-aqueous solutions of salicylic acid 
and cetrimide 


Salicylic acid previously was found to interact with 
cetrimide in aqueous solutions, leading to a rise in viscosity 
(1). This interaction was attributed to the formation of 
macromolecules, and the interaction was shown to be 
highly specific. It is restricted to the ortho- hydroxy-sub- 
stituted benzoic acid and does not apply to the amino, 
chloro, or nitro derivatives. 


Determination of viscosity in previous studies involved 
the use of a viscometer that limited the lower range of 
viscosity measurements that could be made. Dilute con- 
centrations of salicylic acid in cetrimide solutions produce 
much less viscous systems, and their viscosity can be de- 
termined using a U-tube viscometer. The purpose of this 
investigation was to determine whether the viscosity be- 
havior observed in the salicylic acid-cetrimide systems 
studied earlier (1) also occurs in similar, but much more 
dilute, systems. Since the surface activity of these systems 
is likely to be affected by the interaction between salicylic 
acid and cetrimide, surface tension measurements made 
at  the same temperature also are included. 


EXPERIMENTAL 


The recrystallized salicylic acid. mp 158-1.59O, and cetrimide' BP used 
were the same as described previously (2). The viscosity was measured 
using a U-tube viscometer, equilibrated in a thermostatically controlled 
water bath a t  25 f 0.5". The drop-weight method, employing a mi- 
crometer syringe2, was used to determine the surface tension a t  the same 
temperature. 


RESULTS AND DISCUSSION 


An abrupt increase in viscosity occurred in surfactant solutions of 
varying concentrations when the salicylic acid content was increased (Fig. 
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Figure 1-Viscosity change in cetrirnide solutions containing salicylic 
acid at 25O. Key [cetrirnide concentration (MI]: A, 0.0149; X, 0.0298; 
0,0.0446; v, 0.0595; +, 0.0744; and 0,0.0893. 


1).  The sudden viscosity increase indicated that interaction took place 
and that macromolecules were formed. At concentrations less than 0.0149 
M cetrimide in the presence of different amounts of salicylic acid, no such 
rise in viscosity was produced. This result may have been due to the fact 
that the quantities of the acid and surfactant used were small and not 
adequate to demonstrate this pattern of behavior. The degree of inter- 
action produced under such conditions may be inappreciable. 


Aqueous solutions of cetrimide gave rise to this viscosity change only 
when certain quantities of salicylic acid were present. The acid needed 
for this purpose increased proportionately with cetrimide concentration 
(Fig. 2). The molar ratio of salicylic acid to cetrimide needed for this 
viscosity change to occur was 1 2 ,  as calculated from the slope of the graph 
in Fig. 2. In addition, as the cetrimide concentration approached zero, 
the corresponding concentration of salicylic acid required to cause the 
viscosity increase approached that of its solubility in water, i.e., 0.0156 
M ,  as determined by taking the mean between a clear aqueous solution 
and one in which excess salicylic acid was present. 


This water solubility value was in good agreement with literature values 
(3-8), suggesting that the minimum amount of salicylic acid necessary 
to bring about an increase in viscosity must exceed that required to sat- 
urate the aqueous phase. The minimum amount of cetrimide required 
for the same purpose has to be greater than 0.0149 M .  This surfactant 
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Viscosity and Surface Tension of 
Dilute Salicylic Acid-Cetrimide Systems 


LUCY S. C. WAN 


Abstract 0 The viscosity and surface tension of systems containing small 
amounts of salicylic acid in aqueous solutions of cetrimide were deter- 
mined. An abrupt increase in viscosity was observed, and the molar ratio 
of salicylic acid to cetrimide a t  which this viscosity increase occurred was 
1:2. The surface tension of these systems also increased sharply after an 
initial lowering. The salicylic acid concentration at which this behavior 
was demonstrated was almost the same as that a t  maximum solubility 
in the surfactant solution. 


Keyphrases n Salicylic acid-cetrimide-aqueous solutions, viscosity 
and surface tension Cetrimide-salicylic acid-aqueous solutions, 
viscosity and surface tension Viscosity-aqueous solutions of salicylic 
acid and cetrimide Surface tension-aqueous solutions of salicylic acid 
and cetrimide 


Salicylic acid previously was found to interact with 
cetrimide in aqueous solutions, leading to a rise in viscosity 
(1). This interaction was attributed to the formation of 
macromolecules, and the interaction was shown to be 
highly specific. It is restricted to the ortho- hydroxy-sub- 
stituted benzoic acid and does not apply to the amino, 
chloro, or nitro derivatives. 


Determination of viscosity in previous studies involved 
the use of a viscometer that limited the lower range of 
viscosity measurements that could be made. Dilute con- 
centrations of salicylic acid in cetrimide solutions produce 
much less viscous systems, and their viscosity can be de- 
termined using a U-tube viscometer. The purpose of this 
investigation was to determine whether the viscosity be- 
havior observed in the salicylic acid-cetrimide systems 
studied earlier (1) also occurs in similar, but much more 
dilute, systems. Since the surface activity of these systems 
is likely to be affected by the interaction between salicylic 
acid and cetrimide, surface tension measurements made 
at  the same temperature also are included. 


EXPERIMENTAL 


The recrystallized salicylic acid. mp 158-1.59O, and cetrimide' BP used 
were the same as described previously (2). The viscosity was measured 
using a U-tube viscometer, equilibrated in a thermostatically controlled 
water bath a t  25 f 0.5". The drop-weight method, employing a mi- 
crometer syringe2, was used to determine the surface tension a t  the same 
temperature. 


RESULTS AND DISCUSSION 


An abrupt increase in viscosity occurred in surfactant solutions of 
varying concentrations when the salicylic acid content was increased (Fig. 
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Figure 1-Viscosity change in cetrirnide solutions containing salicylic 
acid at 25O. Key [cetrirnide concentration (MI]: A, 0.0149; X, 0.0298; 
0,0.0446; v, 0.0595; +, 0.0744; and 0,0.0893. 


1).  The sudden viscosity increase indicated that interaction took place 
and that macromolecules were formed. At concentrations less than 0.0149 
M cetrimide in the presence of different amounts of salicylic acid, no such 
rise in viscosity was produced. This result may have been due to the fact 
that the quantities of the acid and surfactant used were small and not 
adequate to demonstrate this pattern of behavior. The degree of inter- 
action produced under such conditions may be inappreciable. 


Aqueous solutions of cetrimide gave rise to this viscosity change only 
when certain quantities of salicylic acid were present. The acid needed 
for this purpose increased proportionately with cetrimide concentration 
(Fig. 2). The molar ratio of salicylic acid to cetrimide needed for this 
viscosity change to occur was 1 2 ,  as calculated from the slope of the graph 
in Fig. 2. In addition, as the cetrimide concentration approached zero, 
the corresponding concentration of salicylic acid required to cause the 
viscosity increase approached that of its solubility in water, i.e., 0.0156 
M ,  as determined by taking the mean between a clear aqueous solution 
and one in which excess salicylic acid was present. 


This water solubility value was in good agreement with literature values 
(3-8), suggesting that the minimum amount of salicylic acid necessary 
to bring about an increase in viscosity must exceed that required to sat- 
urate the aqueous phase. The minimum amount of cetrimide required 
for the same purpose has to be greater than 0.0149 M .  This surfactant 
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Figure 2-Relationship between salicylic acid concentration and 
cetrimide concentration a t  which a marked increase in viscosity occurs 
a t  25’. 


concentration is well above the critical micelle concentration (CMC), 
which was 0.0015 M a t  25O, using the Du Nouy tensiometer3. Therefore, 
the interaction takes place in the presence of micelles. The molar ratio 
of 1:2 for salicylic acid-cetrimide suggests that twice as many of the larger 
size cetrimide molecules are probably involved in the interaction with 
one smaller size salicylic acid molecule. This effect could be associated 
with the two OH- groups in the acid molecule. The proximity of the OH- 
group to the COOH- group is essential for interaction (1). 


The viscosity of the salicylic acid-cetrimide systems continued to in- 
crease after the marked viscosity change occurred until the surfactant 
solutions became saturated with the acid. The saturated dispersions were 
allowed to stand to separate the excess acid, which otherwise would in- 
terfere with the viscosity measurement, and the viscosity of the clear 
solution thus obtained was determined. The viscosity tended to decrease. 
A similar reduction in viscosity was also observed in systems containing 
higher concentrations of salicylic acid and cetrimide ( l ) ,  except that the 
reduced viscosity referred to the viscosity of the saturated system (I) .  
I t  was not necessary to remove the excess acid since i t  did not interfere 
with the rotation of the viscometer cylinders. 


When a solution changes to a dispersion, its viscosity generally in- 
creases, particularly if the dispersed particles are mainly responsible for 
the viscous nature of the system. However, this generalization apparently 
does not apply to these saturated salicylic acid-cetrimide systems. The 
mesh-like network formed by the macromolecules, which result from the 
interaction between salicylic acid and cetrimide, is probably easily dis- 
rupted. The presence of excess salicylic acid may weaken the links and 
lead to a structural breakdown, so the viscosity decreases. 


From the data plotted (Fig. 3), it is seen that the surface tension was 
initially depressed and then tended to become constant before rising. The 
amount of salicylic acid giving this sharp rise in surface tension was 
slightly greater than that causing the viscosity rise in corresponding 
systems. The particular acid concentrations responsible for this effect 
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Figure 3-Change in surface tension of cetrimide solutions containing 
varying amounts of salicylic acid a t  2 5 O .  Key [cetrimide concentration 
(M)]: A, 0.0149; X, 0.0298; 0,  0.0446; V, 0.0595; +, 0.0744; and 0, 
0.0893. 


were about the same as the concentration of salicylic acid a t  maximum 
solubility in the respective surfactant solution. With cetrimide concen- 
trations lower than 0.0149 M and in the presence of different quantities 
of salicylic acid, this pattern of surface tension changes was not obvious, 
indicating that the surface activity of the system is only affected if there 
is an appreciable degree of interaction. 


The fall in surface tension a t  a low salicylic acid concentration may be 
brought about by the salicylic acid interacting with the cetrimide mole- 
cules adsorbed a t  the interface in preference to those in the bulk of the 
system, thereby affecting the interfacial packing. As the concentration 
of salicylic acid is increased, fewer interfacially adsorbed cetrimide 
molecules are available for the interaction and the surface tension re- 
duction becomes more gradual. With further additions of salicylic acid, 
the interaction probably involves mainly the cetrimide molecules in the 
bulk of the system. Eventually, as the degree of interaction approaches 
its maximum, i.e., most of the surfactant molecules have interacted with 
the acid, the surface activity of the system appears to reach its highest 
level and, thereafter, the surface tension increases. 
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Absence of Mutagenicity of Coralyne and Related 
Antileukemic Agents: Structural Comparison with the 
Potent Carcinogen 7,12-Dimethylbenz[a]anthracene 


C. C. CHENG*", ROBERT R. ENGLE *, JOHN R. HODGSON *, 
ROBERT B. ING *, HARRY B. WOOD, Jr. $, 
SHOU-JEN YAN *, and ROBERT K. Y. ZEE-CHENG * 


Abstract The structural similarity between the antileukemic alkaloid 
coralyne and the carcinogenic and antineoplastic hydrocarbon 7J2- 
dimethylbenz[a]anthracene, as well as the similarity between the anti- 
leukemic alkaloid nitidine and the carcinogenic hydrocarbon 5-methyl- 
chrysene, prompted a mutagenicity evaluation of coralyne sulfoacetate, 
nitidine chloride, the 8-ethyl homolog of coralyne, nitidine methosulfate, 
and the tetramethoxy analog of nitidine by the Ames method against the 
histidine-auxotroph strains of Salmonella typhimurium TA-1537, 
TA-1538, TA-98, and TA-100; 7,12-dimethylbenz[a]anthracene was used 
as a reference standard. The mutagenicity of these antileukemic com- 
pounds was either completely eliminated or drastically reduced, but the 
mutagenic response was generally high for 7,12-dimethylbenz[a]an- 
thracene. The results suggest that the presence of a quaternary nitrogen 
atom and alkoxy groups could be important in alleviating the mutagen- 
icity of the parent mutagenic and carcinogenic hydrocarbons. 


Keyphrases Coralyne and related compounds-mutagenicity eval- 
uated, compared to 7,12-dimethylbenz[a]anthracene 0 7,12-Dimethyl- 
benz[a]anthracene-mutagenicity compared to coralyne and related 
compounds Mutagenicity-evaluated in coralyne and related com- 
pounds, compared to 7,12-dimethylbenz[a]anthracene 0 Antileukemic 
agents-coralyne and related compounds, mutagenicity evaluated, 
compared to 7,12-dimethylbenz[a]anthracene 0 Carcinogenic agents- 
7,12-dimethylbenz[a]anthracene, mutagenicity compared to  coralyne 
and related compounds 0 Structure-activity relationships-coralyne 
and related compounds, mutagenicity evaluated and compared to 
7,12-dimethylbenz[a]anthracene 


Among numerous polycyclic hydrocarbons studied, the 
carcinogenic activity of benzo[a]pyrene (I) is well docu- 
mented. While two structurally related hydrocarbons, 
benz[a]anthracene (IIa) and chrysene (IIIa), are relatively 
noncarcinogenic, several of their methylated derivatives, 
such as 7-methylbenz[a]anthracene (IIb), 7,12-dimeth- 
ylbenz[a]anthracene (IIc), 5-methylchrysene (IIIb), and 
5,6-dimethylchrysene (IIIc), exhibited strong carcinoge- 
nicity and some were no less potent than benzo[a]pyrene 
(1-6). 


DISCUSSION 


Carcinogenesis of compounds of this type has been interpreted and 
correlated by electronic and geometric structures of these polycyclic ring 
systems (7-10), resulting in the postulation of K, L, and M regions a t  
different parts of polynuclear structures as areas possibly involved in 
carcinogenic metabolism, noncarcinogenic metabolism, and metabolic 
epoxidation-perhydroxylation, respectively (2, 11). These regional as- 
signments are by no means decisive for the explanation and prediction 
of carcinogenicity of polycyclic hydrocarbons, and certain aspects of the 
original postulation may he ohsolete and may have to be modified or 
correlated with other factors (12-17). Nevertheless, the concept is still 
being used in structure-activity studies of carcinogenesis (18-23). 


The antileukemic activity of coralyne (IV),  nitidine (V) ,  and related 
structural and positional isomers against the P-388 lymphocytic leukemia 
system in mice was reported (24-27). The basic structural skeleton of IV 
bears a striking resemblance to that of 11, and the ring structure of V is 
similar to that of 111. Furthermore, the methyl group of IV and the 7- 
methyl group of 11 occupy the same position when one structure is su- 
perimposed on the other. In a similar manner, it can be readily visualized 


I I 
R, 


IIa: R, = R, = H 
I Ib :  R, = CH,, R, = H 
IIc:  R, = R, = CH, 


1%: R, = R,= H 
IIIb:  R, = CH,, R, = H 
IIIc:  R,  = R, = CH, 


OCH3 
I 


Iv 


that  the methyl group of V matches the position of the methyl group of 
the carcinogenic IIIb. 


Some carcinogenic agents also inhibit tumor growth (28, 34). (The 
antitumor activity of the potent carcinogen IIc, NSC-408823, is illustrated 
in Table I.) Conversely, many antineoplastic agents were reported to be 
carcinogenic (35,36). The remarkable structural similarity between the 
aforementioned antileukemic alkaloids and the carcinogenic methylated 
polycyclic hydrocarbons naturally led to a concern that these alkaloids 
and related compounds may possess the undesired oncogenic action. 


A comparison of the structures of IV and V with those of the methyl- 
ated benzanthracenes IIa-IIc and chrysenes IIIa-IIIc revealed that, 
although both alkaloids contain the methyl groups at  positions corre- 
sponding to the polycyclic hydrocarbon sites that  manifest carcinoge- 
nicity, the presence of the quaternized nitrogen atom of coralyne and 
nitidine close to the K and L regions of the corresponding polynuclear 
ring systems may drastically modify the chemical reactivity of the original 
molecule, which may alleviate the biological action toward carcinogenesis. 
In addition, the alkoxy groups of both alkaloids are situated a t  the cor- 
responding M region, which may also interfere with the oncogenic in viuo 
epoxidation-perhydroxylation process. 


Introduction of nitrogen atoms into carcinogenic polycyclic ring 
compounds, depending upon the nature of ring systems and the position 
of nitrogen atoms, may either produce compounds with increased car- 
cinogenicity (37-42), decreased carcinogenicity (43), similar biological 
activity (44), or carcinolytic activity (45). There is, as yet, little infor- 
mation concerning the relationship between quaternized nitrogen bet.- 
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Table I-Antitumor Activity of 7,12-Dimethylbenz[a]- 
anthracene a 


Animal 
Weight 


Test Doseb, Difference, 
System mglkg SurvivorsC T - C d  TICe, % 


Ca-755 38 
19 
9 


S-180 94 
71 
50 


L-1210 200 


P-388 


100 
50 
37.5 
25 
16.5 
12.5 


13 
12.5 
6.25 
6 
4 
2.6 
1.7 


6.25 


58/60 
18/20 
9/10 


18/24 
416 
616 
616 
616 
616 
616 


12/12 
616 
616 
616 
6/6 
616 
616 
616 


12/12 
616 
616 


-0.2 
0.2 
0.3 


-1.1 
-0.9 
-0.2 
-5.2 
-4.2 
-4.6 
-1.4 
-1.8 
-1.7 
-1.2 


0.1 
-2.4 
-3.0 
-2.2 
-1.5 
-2.7 
-1.7 
-2.0 


32 
32 
44 
37 
69 
37 


165 
143 
147 
145 
139 
141 
126 
123 
172 
175 
180 
168 
170 
163 
172 


For general screening procedure and data interpretation, see R. I. Geran, N. 
H. Greenberg, M. M. MacDonald, A. M. Schumacher, and B. J. Abbott, Cancer 
Chemother. Rep., 3 (2), 1 (1972), and Instruction Booklet 14, “Screening Data 
Summary Interpretation and Outline of Current Screen,” Drug Evaluation Branch, 
Drug Research and Development, Division of Drug Treatment, National Cancer 
Institute, Bethesda, Md., 1974. Ratio of number of animals 
alive on day of evaluation to number of animals used a t  the beginning of the eval- 
uation. d Average weight change of test group minus average weight change of 
control animals in grams measured a t  the end of the evaluation. 0 Ratio of test 
evaluation to control evaluation. For Ca-755 and S-180 (tumor inhibition systems), 
the criterion for minimum activity is TIC 5 42%. For L-1210 and P-388 (survival 
tumor systems), the criterion for minimum activity is TIC 2 125%. 


erocycles and carcinogenicity. As an initial step to test the postulation 
that quaternized nitrogen atoms close to the known “oncogenic area” may 
alleviate carcinogenicity, coralyne sulfoacetate (IV, X = CzH3S05, 
NSC-154890), nitidine chloride (V, X = C1, NSC-146397), nitidine 
methosulfate (V, X = CH3S04, NSC-160842), the 8-ethyl homolog of 
coralyne (VI, homocoralyne, NSC-156625), and the tetramethoxy analog 
of nitidine (VII, 0-methylfagaronine, NSC-166720), together with IIc 
as a standard, were subjected to the Ames method for mutagenicity 
evaluation (4&49). The relationship of mutagenicity and carcinogenicity 
was discussed previously (46-55). 


Mutagenicity tests were carried out according to the specific procedure 
developed by Ames et al. (47) using the histidine-auxotroph strains of 
Salmonella typhimuriurn TA-1537, TA-1538, TA-98, and TA-100. In 
this system, petri dishes containing minimal agar were overlayed with 
a soft agar containing 9OOOxg liver supernate from phenoharbital-in- 
duced rats, an NADPH-generating system, bacteria, and various con- 
centrations of test chemical or reference standard. The cultures were 
incubated at  37’ for 72 hr, after which the number of histidine-revertant 
colonies per plate was determined. 


Table I1 shows the mutagenic effect of IIc and the five test compounds 
on the Salmonella indicator organisms. Compound IIc was mutagenic 
in all strains. The mutagenic response was high for IIc in TA-1537, TA- 
1538, TA-98, and TA-100, averaging a three- to 10-fold increase in the 
number of revertants. With the exception of TA-100, a very sensitive 
strain, the mutagenic response was absent with all five coralyne and ni- 


Single dose daily. 
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Figure 1-Mutagenic dose-response relationship o f  Ilc, coralyne, ni- 
tidine, and related compounds versus S. typhimurium TA-100. Key: A, 
116; a, nitidine chloride; - - - 0 - - - , nitidine methosulfate; -0-, 
coralyne sulfoacetate; W ,  0-methyl fagaronine;  and 0, homocoralyne 
sulfopropionate. 


tidine compounds tested. Even with TA-100, 0-methylfagaronine 
methosulfate and coralyne sulfoacetate were nonmutagenic. The dose- 
response curve for Strain TA-100 is shown in Fig. 1. Similar curves were 
obtained for all positive strains. 


These results indicate that the presence of a quaternary nitrogen atom 
and alkoxy groups a t  strategic positions may be important in alleviating 
mutagenicity of the parent mutagenic and carcinogenic hydrocarbons. 


Table 11-Mutagenicity Evaluation of 7,12-Dimethylbenz[ a lanthracene,  Coralyne, Nitidine, and  Related Compounds 
Number of Histidine Revertants 


Compounds Tested (Histidine Revertants per Nanomole)” 
(40 figlplate) TA-1537 TA-1538 TA-98 TA-100 


IIC 
Nitidine chlorideb 


30 (0.lSc) 22 (0.lOC) 94 (0.47c) 425 (2.13r) 
5 (0.03) 10 (0.04) 30 (0.10) 117 (0.25c) 


0-Methylfagaronine 6 (0.04) 4 (0) 25 (0.06) 95 (0.02)’ 


Coralyne sulfoacetate 4 (0.02) 8 (0.02) 20 (0)  94 (0.01) 


Control 2 6 20 93 


Homocoralyne sulfopropionate 2 (0)  4 (0) 20 (0) 103 (0.14C-d) 


Nitidine methosulfate 3 (0.01) 6 (0) 22 (0.02) 117 (O.2gc) 


Number of revertants (RI per nanomole = (R,  - RJ/IC/rnuIl, where R, is the number of revertants in the treated dish, R, is the number of revertants in the control 
Due to the insoluhility of this compound, only 20 


Not significantly different from the control value. The reproducibility of  
dish, C is the concentration of test compound in nanograms, and mu) is the molecular weight of the test compound. 
pg was used. 
the test is f15%. 


Classified to be mutagenic by Ames’ criteria (4R), k.. > 0.1 revertanthmole. 
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OCHj 


CH,O 


OCH, 


OCY, 


-30+ CH,O ”\ + CH, CH,SO,- 
VII 


While the relationship between mutagenicity and carcinogenicity of bi- 
ologically active compounds cannot be fully correlated, its closeness has 
been recognized. Therefore, the results can be regarded as suggestive of 
the absence of carcinogenicity of coralyne and related antileukemic 
agents. 
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Multiple Sulfa Compounds: High-pressure Liquid 
Chromatographic Assay and Mobile Phase Correlation 


E. C. JENNINGS and W. C. LANDGRAF" 


Abstract 0 A mixture of sulfacetamide, sulfathiazole, and sulfabenza- 
mide was used to develop a rapid high-pressure liquid chromatographic 
assay. In addition, this study provided a means to develop concepts re- 
lating solvent molar polarization parameters and retention times. A linear 
correlation between molar polarization and retention time was observed 
and will permit reasonably rapid predictions about the dependent vari- 
able. 


Keyphrases 0 Sulfacetamide-high-pressure liquid chromatographic 
analysis in mixtures with sulfathiazole and sulfabenzamide 0 Sulfathi- 
azole-high-pressure liquid chromatographic analysis in mixtures with 
sulfacetamide and sulfabenzamide Sulfabenzamide-high-pressure 
liquid chromatographic analysis in mixtures with sulfacetamide and 
sulfathiazole 0 High-pressure liquid chromatography-analyses, sul- 
facetamide, sulfathiazole, and sulfabenzamide in mixtures Antibac- 
terials-sulfacetamide, sulfathiazole, and sulfabenzamide, high-pressure 
liquid chromatographic analyses of mixtures 


The fundamental concepts of adsorption and partition 
chromatography are sufficiently well developed that their 
application or extension to high-pressure liquid chroma- 
tography (HPLC) are, in general, quite straightforward (1). 
Perhaps the most difficult challenge in this area lies in the 
ability of the scientist to provide information of a predic- 
tive nature. Several researchers tried rational approaches 
to the use of liquid chromatography (1). Perhaps more to 
the point would be a better understanding of the behavior 
of chromatographic mobile phase systems based on rela- 
tionships providing predictive insight for the selection of 
mobile phase systems. 


A concept based on readily calculable values of polar- 
izability, directly obtainable from the physical properties 
of the solvent system, is developed and discussed. This 
approach is similar to that of Snyder (2), but it is unique 
in that it does not relate to an elutropic series of sol- 
vents. 


EXPERIMENTAL 


Analytical Development-The primary purpose was to develop an 
analytical procedure for the rapid determination of three sulfa com- 
pounds: sulfacetamide, sulfabenzamide, and sulfathiazole. A convenient 
commercially available substrate, 10-pm silica gel', was filled into a 2-mm 
stainless steel tube, 50 cm long, using the usual neutral density filling 
techniques (3). 


In the initial selection process for the mobile phase, trimethylpen- 
tane-chloroform (81) was used since it provided good UV transparency 
of the 254-nm detector2. The polar phase of the system, acetonitrile- 
isopropyl alcohol (l:l), was added in small increments until there was 
no further improvement in the resolution of the sulfa compounds on this 
silica gel column with the operating conditions. A small quantity of acetic 
acid (0.8%) was added uia the polar phase to minimize the amount of 
tailing of such polar compounds. This addition permitted the mobile 
phase to produce clearly Gaussian shaped lines (Fig. 1). The final com- 
position of this mobile phase was: trimethylpentane, 80%; chloroform, 
9.8%; isopropyl alcohol, 4.7%; acetonitrile, 4.7%; and acetic acid, 0.8%. 


The usual operating conditions chosen for such a determination were 
1.75 ml/min for the flow rate, 80" for the operating temperature, and 1500 
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Model 7000, Micromeritics Instrument Corp. 
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Figure 1-Chromatogram of mixed sulfa compounds. Operating con- 
ditions were: 2.50-mllmm flow rate, 1210 psi, 78.Fi0, 0.1 X 2 aufs, and 
ZrniPP) = 9.9. 


psi as the pressure. The use of a high-pressure injection port3 for sample 
introduction permitted about 4 pg of each compound to be introduced 
into the system uia a 10-p1 injection slot without special sample prepa- 
ration. Table I details the precision results obtained. The data collected 
from the commercial instruments during analysis were delivered to a 
fixed-purpose calculating integratol"' where the digital integration and 
the determination of resolution (4) were performed. This HPLC unit was 
capable of both high temperature operation and solvent program- 
ming. 


Mobile Phase Aspect of Separation-To extend the knowledge and 
utility of mobile phase systems, attention was focused on their colligative 
properties. Therefore, molar polarization contributions from each solvent 
were calculated (5) and summed together to yield a final value called total 
molar polarization, Pp, for the solvent system (2,5). A plot of P p  uersus 
the reciprocal of the retention times of the current solutes is presented 
in Fig. 2. 


RESULTS AND DISCUSSION 


This HPLC method for the rapid analysis of sulfa compounds in a 
complex mixture permits the automation of data collection and reduction. 
Statistical analysis (Table I) reveals an acceptable 95% confidence limit. 
This method employs a unique, nonaqueous, multiple-component, mobile 
phase system. Its choice permits a wider range of operating conditions 
for chromatographic separations relative to other combinations of mobile 
phases and substrates (6). It will, because of its nonaqueous composition, 
permit longer silica gel column lifetimes (up to 6 months); furthermore, 
it is a simplified procedure for similar compounds. 


However, to understand this mobile phase system better, it is impor- 
tant to consider the polarizability effects of such solvents and to examine 
how they might influence chromatographic solutes on supports such as 
silica gel. This adsorption-desorption phenomenon for such sulfa com- 
pounds from silica gel should be influenced by nondispersive, specific 
solvent interactions (4). 


Model 706L, Disc Instruments. 
Auto Lab IV, Spectra Physics Corp 


1784 / Journal  of Pharmaceutical Sciences 







Table I-Precision Data for Sulfa Comoounds via HPLC 


0.65- 


0.60- 


0.55- 


0.50- 
* 
I 
.- 
E 0.45- 


w- 
0.40- 


Peak Areasa, S = 0.05 X 2 


Acetanilide (I), Sulfabenzamide (11), Sulfacetamide (III), Sulfathiazole (IV), 
0.10 mg/ml 0.20 mg/ml 0.20 mg/ml 0.20 mg/ml 


352,365 
371,023 
373,953 
354,977 
383,246 
345,554 


400,398 
429,121 
430,055 
402,077 
404,375 
382,822 


486,907 
492,524 
495,171 
475,428 
487,215 
448,458 


702,742 
766,862 
697.044 
694;111 
709,354 
678.537 


Mean Z 
SD S 


95% C L  


Area counts. 


For nonpolar molecules, such as pentane, the amount of molecular 
deformation resulting from a polarizing dc field is called the induced 
molar polarization: Pa = 413~Na, where N is Avogadro's number and the 
magnitude, a, reflects the amount of polarizability that the molecule 
experiences in that dc field. Furthermore, a dipole in a molecule experi- 
ences a similar, but induced, polarization. As a result, it moves itself 
relative to the dc field to minimize the action of that field. The condition 
that results in added polarization is referred to as permanent molar po- 
larization and is expressed as Pp = 4/$~iV[p~/3KT], where p is the dipole 
moment and K is the Boltzman constant. The net observed polarization, 
P = [Pa + P N ] ,  and its thermal coefficient yield the dipole moment. 
Rearranging terms, one can state that P = % r N [ a  + p2/3KT] (7). 


For relatively dilute solutions of dipolar molecules in nonpolar solvents, 
the Clausius-Mossotti equation is valid (8) and leads to the expression 
P = [ (c - l ) / ( c  + 2)]M/p, where t is the dielectric constant, M is the mo- 
lecular weight, and p is the solvent density. To obtain the value for the 
total molar polarization, the value for Pa must be computed. From 
Maxwell's relationship of c = q2, where q is the refractive index, it follows 
that Pa = [ (q2 - 1)/(q2 + 2)]M/p, and this expression is referred to as the 


0 z i  0.35 


0 / 
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I- 0.30 w 
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0.05 
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Figure 2-Plot of inverse retention time versus molar polarization, Pp. 
Key: 0, acetanilide; 0 ,  sulfabenzamide; 0, sulfacetamide; A, sulfa- 
nilamide; and V, sulfathiazole. 


Peak Ratios 


1.136 1.382 1.994 
1.157 1.327 2.067 
1.150 1.324 1.864 
1.133 1.339 1.955 
1.055 1.271 1.851 
1.108 1.298 1.964 
1.123 1.324 1.949 
0.037 0.038 0.081 


f0.039 f0.040 50.085 I 13.5% f3.0% f4.4% 


Lorentz-Lorentz equation (8,9). 
To calculate the net total molar polarization of the solvent system, each 


10 


MINUTES 


Figure 3-Chromatogram of mined sulfa compounds. Operating con- 
ditions were: 2.50-ml/mm flow rate, 12OOpsi, 78.5', 0.1 X 2 aufs, and 
UXiPW) = 2.0. 
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Table 11-Total Molar Polarization of Typical Solvent Systems 


Solvent 


Trimethylpentane Chloroform Acetonitrile Isopropyl Alcohol Acetic Acid Z P p  


MWIP 165 80.18 52.86 76.91 57.20 - 
1.94 4.806 37.5 19.92 6.15 - 


9 1.404 1.443 1.344 1.38 1.372 - 
PP -0.95 23.58 37.34 47.47 23.14 - 
System 


6 


A: % (v/v) 80 9.8 4.4 5.0 0.8 100% 


B: % (v/v) 80 12.3 4.4 2.5 0.8 100% 


C: % (v/v) 80 14.8 4.4 b 0.8 100% 
X ,  0.655 0.250 0.076 6 0.019 1.000 
PP, -0.622 5.895 2.838 4 0.440 8.55 


D: % (vlv) 80 12.0 2.2 5.0 0.8 100% 
X ,  0.556 0.286 0.033 0.109 0.016 1.000 
PF, -0.528 6.794 1.232 5.174 0.370 12.99 


F: %(v/v) 76.6 9.0 4.4 9.5 0.7 100% 
X ,  0.562 0.136 0.067 0.220 0.015 1.000 
pih -0.534 3.207 2.502 10.44 0.347 15.97 


G: % (v/v) 69.8 20.0 4.4 5.0 0.8 100% 


X ,  0.627 0.158 0.074 0. I23 0.018 1.000 
pf.4 -0.596 3.726 2.763 5.832 0.417 12.15 


X ,  0.641 0.203 0.075 0.063 0.018 1.000 
PPC, -0.609 4.787 2.801 2.991 0.417 11.61 


X ,  0.505 0.297 0.068 0.113 0.017 Loo0 
pfi, 0.480 7.003 2.539 5.364 0.393 14.82 


solvent’s contribution based on its mole fraction is added and, by rear- 
ranging terms, the following equation results: 


(Eq. 1) 


Further substitution yields: 


which readily yields PF (total molar polarization) (Table 11). 
When the retention time, t,, isexamined and plotted uersus P p .  a linear 


relationship is evident. These two parameters are shown in Fig. 2; the 
second variahle can he predicted easily by knowing the first when using 
such a plot. Alternatively, the values of P p  and t ,  can he plotted rectali- 
nearly with respect to each other, and a hyperbolic function is observed. 
With three data points and the use of numerical methods (10, ll),  one 
can solve for the expression using Cramer’s determinates. Such an ap- 
proach yields the constants for this function. In addition, a program 
written in BASIC permits quick and convenient calculation of new values 
for either Pb or t ,  by merely inserting several data points into the program 
without additional plotting. This approach permits the analyst to go from 
one set of chromatographic conditions to another very quickly and to 


Table Ill-Hyperbolic Constants from HPLC Data 


Derived Constants 
Compound A R C K 


Acetanilide -1.05 -0.125 -0.14 0.55 
Sulfabenzamide -20.11 0.50 -0.19 6.20 
Sulfanilamide 80.31 -5.77 -0.68 8.29 
Sulfacetamide 144.7 -9.91 -0.48 2.27 
Sulfathiazole -21.59 +0.32 -0.12 12.34 


predict either parameter accurately. This comparison is rather evident 
through a comparison of Figs. I and 3 where the changes in retention 
times were very simple using these concepts (see Table 111 for derived 
constants). 
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Fluorescence Characteristics of Azaperone and of an Azaperone 
Mononitrogen Oxide 


W. BAEYENS", P. DE MOERLOOSE, and L. DE TAEYE 


Abstract The structure elucidation of the compound isolated after 
peroxide treatment of azaperone is described. A mononitrogen oxide was 
formed a t  the piperazine N1 atom after reaction with excess hydrogen 
peroxide. The fluorescence characteristics of the derivative were exam- 
ined and compared with the native fluorescence capacities of the aza- 
perone base; both were identical, depending on the solvent nature. The 
phenomenon is explained by the fact that  the fluorescent properties of 
the azaperone molecule are principally produced by its ortho-nitrogen- 
substituted pyridine nucleus. 


Keyphrases Azaperone and oxide-fluorescence characteristics, effect 
of pH 0 Fluorescence characteristics-azaperone and oxide, effect of pH 
0 Tranquilizers-azaperone and oxide, fluorescence characteristics, 
effect of pH 


Azaperone (I), 1-(4-fluoropheny1)-4- [4-( 2-pyridinyl) - 
1-piperazinyll-1-butanone, is a butyrophenone neuro- 
leptic. Butyrophenones can be considered as 4-amino- 
butyric acid derivatives, a prototype of which, haloperi- 
dol, is frequently used as an antipsychotic and antiemetic 
agent. Pharmacologically, the butyrophenones resemble 
the neuroleptic phenothiazines (1-3). Azaperone is com- 
monly used in veterinary medicine. It occurs as an almost 
white to slightly yellowish amorphous or crystalline pow- 
der, is nearly insoluble in water, and is soluble in dilute 
acids and organic solvents. 


During the spectrofluorometric investigation of some 
therapeutically used butyrophenones (4), the remarkable 
fluorescence characteristics of the azaperone molecule were 
noted and shown to be caused by the heterocyclic sub- 
stituent of the y-aminobutyric acid chain. 


The purpose of this investigation was to determine 
whether nitrogen oxidation of the azaperone molecule 
would affect its native fluorescence characteristics. These 
experiments were performed simultaneously with spec- 
trofluorometric analyses of some mono- and diaminopy- 
ridine isomers before and after peroxide treatment because 
of the general shortage of literature references concerning 
fluorometric data of aminopyridines, which frequently 
occur as molecular fractions in various drugs. 


The present paper reports the preparation and structure 
elucidation of the compound resulting from the reaction 
of azaperone with concentrated hydrogen peroxide. 


EXPERIMENTAL' 


Apparatus-A recording spectrophotofluorometer was used for re- 
cording excitation and emission spectra and for measuring fluorescence 
intensities. Spectra were not corrected for variations in lamp intensity 
or photomultiplier sensitivity. 


' The instruments used were: an Aminco-Bowman spectrofluorometer, Catalog 
No. 4-8203 DE, American Instrument Co., Silver Spring. Md.; a Hanovia 150-w 
xenonarclamp; twograting monochromators; 1 X I-cm quartzcells; photomultiplier 
R 446 S with high voltage of 0.7 kv and slits varying between 0.5 and 2 mm; a Zeiss 
DMR 21 spectrophotometer; a Reckman IR 7 spectrometer; an L.K.B. 9000 S mass 
spectrometer; and a Varian HA-100 NMR spectrometer, Varian Associates, with 
a permanent frequency of 100 MHz. Melting points were taken on a Riichi appa- 
ratus. TLC plates were visualized with a Camag TL 900 Universal IIV lamp at 254 
and 350 nm. 


0 


I 
0 


0 
I1 


Chemicals-All chemicals2 were analytical grade. 
Preparat ion of Solutions for  Fluorescence Measurement-All 


solutions measured fluorometrically contained 0.5-10 fig of azaperone 
or derivative/ml. All glassware should be free of fluorescent contaminants 
and, therefore, frequently rinsed with distilled water; quartz sample cells 
are preferably cleaned with nitric acid followed by distilled water. 


Preparat ion of Azaperone Peroxide Derivative (11)-Azaperone 
(9.16 mmoles, 3 g) was dissolved in methanol (100 ml); hydrogen peroxide 
(490 mmoles, 50 ml of 30% w/w) was added, and the reaction mixture was 
placed in a boiling water bath for 1 hr with frequent stirring. The solution 
was allowed to cool at room temperature and was subsequently cooled 
in ice. If no crystallization occurred, further evaporation was required. 


A white precipitate appeared along with a yellow, oily phase. Scratching 
the sides of the glass vessel with a glass rod finally provided a homoge- 
neous white crystalline product. After filtration, the residue was re- 
crystallized a few times from 50% (v/v) methanol-water and finally dried 
at 30-40'. An 80% yield was obtained. 


A stoichiometrically similar hydrogen peroxide treatment of the two 
molecular fractions of azaperone was performed. 1-(4-Fluorophenyl)- 
1-butanone3 apparently was not attacked in these circumstances. 142- 
Pyridyl)piperazine3, however, was converted into a mixture in which a t  
least 10 components could he distinguished by TLC but none of which 
could be crystallized. 


RESULTS 


The isolated I1 appeared as a white crystalline powder, mp 138" (aza- 
perone mp go'), and was stable on storage a t  room temperature in the 
dark. It is very soluble in water and methanol, soluble in chloroform, and 
less soluble in acetone and ether. The compound can release iodine from 
an aqueous acid solution of potassium iodide a t  room temperature. 


The UV maximaof I1 were: (methanol) 244 ( e  25,400)4 and 298 ( e  2500) 
nm and (chloroform) 247 (c 30,400) and 298 (c 3800) nm. The UV maxima 
of azaperone were: (methanol) 247 ( e  28,400) and 304 ( t  4100) nm and 
(chloroform) 248 (22,900) and 305 ( e  2100) nm. 


Excitation and fluorescence spectra were obtained from azaperone, 
11, and L(2-pyridy1)piperazine dissolved in various solvents in a con- 
centration of 0.5 pg/ml. In each case, identical results were obtained for 
the three compounds. For example, in 0.1 N sulfuric acid, A,,,. = 315 nm 
and A,, = 405 nm. In 20% (v/v) methanol-water, A,,, = (245)s 300 nm 
and A,, = 375 nm. In 0.1 N sulfuric acid in 20% (v/v) methanol-water, 
A,,, = (245) 315 nm and A,, = 405 nm. Variation of the acid strength up 
to 20% (w/v) yielded identical spectra. When pure organic solvents (e .g . ,  
methanol, ethanol, 2-propanol, 2-methoxyethano1, ethyl acetate, and 


E. Merck, Darmstadt, West Cermanv. 
Aldrich Chemicals, Beerse, Belgium.' * Approximate molar ahsorptivities were calculated using 327.4 as the molecular 


weight of azaperone and 343.4 for 11, as will be shown from the mass spectral 
data. 


Numbers in parentheses refer to a secondary excitation value of much less in- 
tensitv. 
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chloroform) were used, similar results were obtained, with the maxima 
depending on the polarity of the solvent. The detection limit of both 
compounds determined fluorometrically in 0.1 N sulfuric acid was 1 X 
10-2 pg/ml. 
IR absorption spectra were taken by dissolving 1 mg in methanol and 


mixing it with 300 mg of potassium bromide (spectroscopic grade) until 
complete evaporation occurred. The mixture was then compressed into 
a tablet. Azaperone absorption bands were: 3100-3000 (aromatic =CHI, 
3000-2700 (CHz), 1680 (aryl ketone C=O), 1593-1503-1475 (aromatic 
C=C), 1590-1500 (C=N), 1228 (CF), 1200-1100-1000 and 730-650 (CH 
deformations, pyridine nucleus ring vibrations), 825 (CH out of plane: 
1,4-aromatic substituents), and 772 (CH out of plane: 1,2-aromatic 
substituents, piperazine ring vibrations) cm-l. The Compound I1 spec- 
trum was similar to the azaperone spectrum with minute changes in the 
fingerprint region: 1400-1350,1350-1210,1200-1100, and 875-725 cm-I; 
strong absorption at  933 (>N - 0 nonaromatic) cm-l. 


Mass spectral data (70 ev) of azaperone differed from the reported 
fragmentation paths of butyrophenones (5-9) because of the pyridine 
nitrogen involved in the fragmentation process (Structure 111): 


0 


111 


m/e (relative intensity) 327 (6) (M+-), 309 (4) (M+- - H20) (m* a t  292). 
189 (8) (c', Mc Lafferty), 176 (9) (a, usually base peak in other butyro- 
phenones), 165 (21) (d), 133 (10) (C8HgN2, piperazine fragmentation), 
123 (30) (b,p-fluorobenzoyl ion), 107 (100) (base peak C G H ~ N ~ ) ,  95 (27) 
(e, p-fluorophenyl ion from m/e 123 - CO), and 79 (25)-78 (22) (pyridine 
fragmentations). 


The mass spectrum for I1 (70 ev) was similar to the azaperone spec- 
trum: m/e 343 (3) (M+- azaperone + 16), 327 (3) (M+* - O), 326 (4) (M+. 
- OH), 325 (12) (M+. - H20) in order of increasing intensity (lo), 309 
(3) (M+. - H20), 165 (12) (d), 162 (57) (pyridylpiperazine+ after loss of 
oxygen), 133 (24) (CHHgNZ), 123 (100) (base peak p-fluorobenzoyl nu- 
cleus), 107 (63) (base peak azaperone), 95 (45) (p-fluorophenyl ion), and 
79 (17)-78 (23) (pyridine fragment ions). 


C 
0 f 


I \' 


NMRfi of azaperone (Structure IV) (deuterochloroform, 1% tetra- 
methylsilane) showed: d 1.97 (2 X t, 2.52.1 = 7 Hz, JZ. :~  = 7.5 Hz, H-2). 2.44 
(t ,  2, J.~;z = 7.5 Hz, H-3), 2.52 (t ,  4, J4.5 = 5 Hz, H-4), 2.98 (t ,  2, J1.2 = 7 
Hz, H-l),3.47 (t, 4, J5.4 = 5 Hz, H-5),6.56 (2 X d, 1, J IO,~  = 7 Hz, J10.11 


= 5 H~,Jlo,x = 2.3 Hz, H-lO), 6.60 (d, 1, J8.9 = 7.5 Hz, J8.10 = 2.3 Hz, H-8), 
7.09 (t, 2,J6,7 = 8.5 Hz, J ~ , F  = 8.5 Hz, H-6),7.47 (2 X d, l , Jg ,s  = 7.5 Hz, 
Js.10 = 7 Hz, J y . 1 1  = 2 Hz, H-9), 7.94 (2 X d, 2, J7.6 = 8.5 Hz, J ~ , F  = 5.5 Hz, 
H-7), and 8.14 (d, I , J l l , l o  = 5 Hz,J11,9 = 2 Hz, H-11) ppm. 
NMR of Compound I1 (methanol-d4, 1% tetramethylsilane) showed: 


6 2.29 (m, 2, H-2), 3.30-3.80 (m, 12, H-l ,3 ,4 ,  and 5), 6.68 (2 X d, 1 , J , o , 9  
=7Hz,J lo . l l  =5Hz ,H-10) ,6 .72 (d , l , Jx , s=8 .5H~, J s .10=  1Hz,H-8),  
7.19 (t, 2,J,j,7 = 8 Hz, J f i , ~  = 8 Hz, H-6), 7.58 (2 X d, 1, J9.8 = 8.5 Hz, Jg.10 


= 7 H ~ , J g , l l = 2 H ~ , H - 9 ) , 8 . 0 7 ( 2 X d , 2 , J 7 . f i = 8 H ~ , J 7 , ~ = 5 H ~ , H - 7 ) .  
and 8.10 (m, 1, H-11) ppm. 


Found: C, 66.43; H, 6.51; F, 5.55; N, 12.22. 
Anal -Calc. for C I ~ H ~ ~ F N : ~ O ~ :  C, 66.46; H. 6.46; F, 5.53; N, 12.24. 


DISCUSSION 


Since no dat.a were available concerning the formation of nitrogen 
oxides of the hutyrophenone derivatives, an attempt was made to work 
out a suitable reaction scheme starting from some general rules ( 1  1). 


Methanolic solutions of' azaperone were treated with aqueous solutions 
of' hydrogen peroxide 0 1  dif'l'erent strengths at varying pH values and 


In NMR descriptions, s = singlet, d = doublet, 2 X d = doublet of doublets, t 
= triplet, and m = multiplet. 
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Table I-TLC Rr Valuesa of I and I1 


Solvent Svstem I I1 
1. Chloroform 0.02 0.00 
2. Chloroform-methanol (9O:lO v/v) 0.69 0.12 
3. Methanol-28% (w/w) ammonia (1001.5 v/v) 0.72 0.58 
4. Benzene-methanol-acetic acid (80: I 5:5 v/v) 0.42 0.47 
5. Benzene-acetone-petroleum ether (bp 25-70") 0.80 0.00 


6. Acetone 0.53 0.00 


a Five micrograms of each compound was spotted on a silica gel 60 Fm 0.25-mm 
plate (Merck). Visualization a t  254 nm. 


-28% (w/w) ammonia (35:35:35:1 v/v) 


times of reaction. The described method for converting the azaperone 
base into a mononitrogen derivative using a large excess of hydrogen 
peroxide originally produced a mixture containing a t  least three com- 
ponents; one occurred in relatively large amounts, as checked by TLC. 
It was this component that  was purified in the recrystallization process 
and that fluoresced blue on chromatographic plates in an acid medium 
on UV exposure. The other substances did not show this phenomenon. 


Some of the TLC systems tested to control the purity and stability of 
synthesized I1 are shown in Table I. As the azaperone base, its peroxide 
derivative showed a weak blue native fluorescence on thin layers that was 
remarkably intensified on contact with acids. In Solvent System 4, for 
example, both substances were very distinctly recognizable as blue spots 
on irradiation at  350 nm. Treatment with ammonia vapors largely in- 
hibited the fluorescense emission. 


The UV absorption spectra of azaperone and I1 only demonstrated 
small differences, as expected. The peroxide derivative showed a slight 
hypsochromic shift. Absorption in the 300-nm range was mainly caused 
by the 1 -(2-pyridyl)piperazine fraction in the molecule. Absorption in 
the 240-nm area was due to this fraction as well as to the 1-(p-fluoro- 
pheny1)-1-butanone substituent, as was noticed after registration of the 
spectra of these pure compounds in identical conditions. 


The azaperone molecule possessed intense fluorescent properties in 
various solvents because of the heterocyclic pyridylpiperazine substi- 
tution of the y-aminobutyric acid chain. These properties were strongly 
influenced by the acidity of the medium. Table I1 illustrates the quali- 
tative effect of pH on the native fluorescence of azaperone. Between the 
extreme excitation maxima, there was an area of 20 nm; between the two 
extreme emission maxima, the difference was 42 nm. 


Analogous results were obtained with methanol, 2-propanol, propylene 
glycol, 2-methoxyethanol, and dimethylformamide. Measurements were 
made on two volumes of azaperone (50 pg/ml of solvent) mixed with one 
volume of buffer solution. Care should be taken to avoid possible pre- 
cipitation in the alkaline medium. The compositions of the buffer solu- 
tions were: 0.2 M potassium chloride-0.2 N hydrochloric acid (pH 1.0 
and 2.0), 0.1 M potassium hiphthalate-0.1 N hydrochloric acid (pH 3.0 
and 4.0). 0.1 M potassium biphthalate-0.1 N sodium hydroxide (pH 5.0), 
0.1 M monobasic potassium phosphate-0.1 N sodium hydroxide (pH 6.0, 
7.0, and 8.0), 0.1 M boric acid in 0.1 M potassium chloride-0.1 N sodium 
hydroxide (pH 9.0 and 10.0), and 0.1 M glycine in 0.1 M sodium chlo- 
ride-0.1 N sodium hydroxide (pH 11.0 and 12.0). 


Azaperone fluoresced most intensely in an acid medium with an opti- 
mum a t  pH 2. These fluorescent properties at  low pH values as well as 
in pure organic solvents or in aqueous solutions were worked out quan- 
titatively (4). Figure 1 illustrates the excitation and emission spectra of 
azaperone and 11 in an acid medium. Both compounds showed identical 
fluorescent properties, qualitatively and quantitatively. Pure 1-(2-pyr- 
idy1)piperazine also yielded analogous spectra. 1-(4-Fluorophenyl)-l- 


Table 11-Influence of Acidity on Fluorescence Characteristics 
of Azaperone in Ethanol 


PH A,,,, nm A,,, nm 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 


325 
322 
314 
313 
312 
305 
308 
316 
310 
309 
309 
310 


403 ~ . .  


398 
365 
361 
367 
367 
i73 
370 
375 
376 
378 
378 
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Figure 1-Activation and  emission spectra of azaperone and its per- 
oxide deriuatue in  0.1 N sulfuric acid, 0.5 figlml; A,, = 315 nm and A,, 
= 405 nm. 


butanone, dissolved in an organic solvent such as methanol, showed no 
fluorescent properties at all, as expected. 


The NMR spectrometric data show that oxidation apparently occurred 
a t  nitrogen atom A of the piperazine ring system. Only this selective ox- 
idation can explain the considerable downfield shift of protons 1, 2,3, 
and 4. N-Oxidation a t  nitrogen atom B would merely cause a significant 
downshift a t  protons 4 and 5; for nitrogen C, the shift would occur a t  
protons 8,9,10,  and 11. Integration of the protons of azaperone and I1 
yielded 22 protons for both compounds. This result and the elemental 
analysis results and mass spectral data suggest that  the isolated aza- 
perone peroxide derivative has Structure 11. 


Compound I1 possessed identical fluorescent properties as the aza- 
perone molecule in different solvents. 


The absence of any influence of N-oxidation on the native fluorescence 
characteristics of the azaperone molecule confirms the localization of the 
amine oxide formation. The nucleus of the electronic transitions leading 


to fluorescence emission is situated in the aromatic aminopyridine sub- 
stituent. Modification of this ring or of the ortho-nitrogen substituent 
certainly would result in an alteration of the fluorescent properties of the 
molecule by directly influencing the r-electrons of the aromatic sys- 
tem. 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants XXXVI: Predicted Steady-State 
Patterns of Prothrombin Complex Activity 
Produced by Equieffective Doses of 
(I?)-(+)- and (S)-(-)-Warfarin in Humans 


~ 


Keyphrases 0 Warfarin-(R)-(+)- and (S)-(-)-enantiomers, steady- 
state anticoagulant activity compared Coumarin anticoagulants- 
warfarin, (R)-(+ ) -  and (,V)-(-)-enantiomers, steady-state anticoagulant 
activity compared Pharmacokinetics-(R)-(+)- and (S)-(-)-warfarin, 
steady-state anticoagulant. activity compared 0 Anticoagulants4R) 
(+)- and (3-(-)-warfarin, activity a t  steady state compared 


To t h e  Editor: 
The biological half-life of (S)-(-)-warfarin is consid- 


erably shorter than that of (R)-(+)-warfarin in humans (1). 
However, the slope of the regression line relating antico- 
agulant effect and log plasma concentration for (I?)-(+)- 
warfarin is considerably steeper than that for ( S ) - ( - ) -  
warfarin (2). It is of interest to compare the maximum and 
minimum anticoagulant activity during a dosing interval 
at  the steady state produced by equieffective doses of the 
two enantiomers. 


To  assure adequate anticoagulation and to facilitate 
clinical monitoring of prothrombin complex activity, it is 
desirable to minimize the fluctuation of prothrombin 
complex activity during a dosing interval. Thus, if all else 
is equal, the enantiomer producing the least fluctuation 
of prothrombin complex activity during a dosing interval 
may be preferred therapeutically. Using average phar- 
macokinetic and pharmacodynamic parameters obtained 
in a study of 10 healthy men who received single doses of 
(R) - (+) -  and (5’)-(-)-warfarin on separate occasions (1, 
a), we calculated the steady-state time course of pro- 
thrombin complex activity for each enantiomer during the 
usual dosing interval of 24 hr. 


The calculations were performed in the following 
manner. The time course of plasma concentrations, C t ,  for 
a one-compartment type drug administered in equal doses, 
D, at constant intervals, 7, in a manner resulting in es- 


E 0 1  3 12 21 


HOURS 


Figure 1-Predicted time course of prothromhin complex actiuity i n  
humans during a 24-hr dosing i t ~ l ~ r v n i  at  the steady state  during ad- 
ministration o/ cwrn t io l l y  rguieffectioe doses of (R)-(+)-iiurfarin 
(--)and (S)-(-)-iuarfarin ( -  - - - 1 .  


sentially instantaneous absorption is: 


(Eq. 1) 


where V is the apparent volume of distribution, n is the 
number of doses administered, t is the time elapsed since 
dose n was administered, and k is the apparent first-order 
elimination rate constant (3). The right side of Eq. 1 was 
substituted for C, in Eq. 1A of Nagashima et al. (4). When 
solved in the manner described by these investigators but 
with Po defined as the prothrombin complex. activity 
(PCA) at the beginning of each dosing interval (so that PO 
changes with successive doses until a steady state is 
reached), the following relationship is obtained: 
PCA = Poe--kd( + [1 - e - k d ( ]  


co w2] + WZt (Eq. 2) 
Cpmin  k d  


where k d  is the apparent first-order degradation rate 
constant of prothrombin complex activity, Co is the drug 
concentration at  t = 0 (calculated from Eq. l ) ,  2 = k/2.303, 
and W = m/kd. The parameters R&, and Rsyn are the 
synthesis rates of prothrombin complex activity before and 
during warfarin administration, respectively; m is the slope 
of a plot of Rsyn uersus the logarithm of the plasma war- 
farin concentration; and C, min is the intercept at  R!&, of 
the extrapolated regression line of a plot of Rsyn versus log 
plasma warfarin concentration (4). 


The following parameter values were used in the cal- 
culations of prothrombin complex activity for (R)-(-t-)- and 
(S)-(-)-warfarin (listed in that order): k, 0.0129 and 0.0221 
hr-1; V, 99.2 and 95.4 ml/kg; m, -140 and -89%/day; and 
C, min,  1.70 and 0.194 pg/ml. The kd was 1.31 day-l, Po 
before the first dose was 100% of normal, and T was 24 hr. 
By successive trial calculations, a daily dose of (R)-(+)- 
warfarin suitable to produce a therapeutic range of pro- 
thrombin complex activity (e30-35% of normal) was 
found to be 0.225 mg/kg; that of @)-(-)-warfarin was 0.100 
mg/kg. The calculations were carried out with a digital 
computer for n = 24. 


The results of the simulations are shown in Fig. 1. The 
prothrombin complex activity uersus time patterns for the 
two enantiomers were practically identical. In terms of 
clotting time, the difference between the maximum and 
minimum prothrombin complex activities is less than 1 sec. 
Thus, the greater fluctuation of (S)-(-)-enantiomer con- 
centrations in plasma (due to its shorter half-life) is com- 
pensat.ed by its more shallow effect-log concentration re- 
lationship. It appears, therefore, that there is no significant 
difference between the two enantiomers with respect to 
the constancy of  prothrombin complex activity during a 
dosing interval. However, (R)-(+)-warfarin may be less 
subject to interactions with other drugs and may be the 
preferred form for that reason (5). 
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REVIEWS 


Special Topics in Heterocyclic Chemistry. Vol. 30 of The  Chemistry 
of Heterocyclic Compounds. Edited by ARNOLD WEISSBERGER 
and EDWARD C. TAYLOR. Wiley, 605 Third Ave., New York, NY 
10016,1977.601 pp. 15 X 24 cm. Price $57.50. 
Although this book is the 30th volume of a 25-year series of monographs 


on heterocyclic compounds, it is the first to contain treatments of various 
topics not necessarily related to each other or to  a specific ring system. 
This volume, therefore, represents the editors’ desire to discuss limited 
topics not requiring separate monographs. 


The first four chapters share in common discussions of various 
bridgehead nitrogen heterocycles. Chapter I, 5,5-Systems with a 
Bridgehead Nitrogen Atom, by John P.  Paolini, covers these conjugated 
lor-electron heterocycles and their polycyclic derivatives but excludes 
cyclazines. Chapter 11, Indolizine and Aza Derivatives with Additional 
Nitrogen in the 5-Membered Ring, by H. L. Blewitt, discusses indolizine 
and 1-, 2-, and 3-azaindolizines; the third chapter by Georges Maury 
covers azaindolizine systems having more than one nitrogen atom in the 
six-membered ring. Chapter 111 also includes azaindolizines containing 
diazines, triazines, and tetrazines together with pyrrolo-, imidazo-, s- 
triazolo-, and o-triazolo ring systems. Chapter IV, The Chemistry of 
Cyclazines, by Alfred Taurins,includes cyc1[3.2.2]azines, cyc1[3.3.2]azines, 
cycl[3.3.3]azines, 1 -, 5-, 6-azacyc1[3.2.2]azines, 1,4-diazacyc1[3.2.2]azines, 
8-azacyc1[2.2.2]azines, and the 1,3,6-triaza-, 1,3,6,7-tetraza-, and 
1,3,4,7-tetrazacycl[3.3.3]azines. 


These four chapters are well coordinated, each covering synthetic 
methods, chemical properties, and physical properties including spectral 
properties and quantum chemical calculations. References following each 
chapter average 300 citations for the first three chapters. Chapters I1 and 
I11 include short sections relating to biological properties and uses. Very 
liberal usage of structural formulas in all but Chapter 111 makes it easy 
for the reader to follow the synthetic approaches to these systems. 


Chapter V, Dithiole and Dithiolium Systems, by R. D. Hamilton and 
E. Campaigne, includes interesting discussions of the chemical reactivity 
of 1,2- and 1,3-dithiolium salts, illustrating their potential synthetic 
utility. Coverage of dithioles such as the thiothiophthene “no-bond” 
resonance system, dithiafulvalenes, and mesoionic systems does not 
proceed beyond the 1972 literature. 


In a more up-to-date fashion (including references to the 1976 litera- 
ture), heteropentalenes are reviewed in Chapter VI by Kevin T. Potts. 
Of the many possible heteropentalenes, this chapter is devoted to those 
heteropentalenes with ylidic characteristics, being lo*-electron systems 
representable by only charge-separated structures (dicoordinate, tetra- 
valent sulfur-containing structures are included). The synthesis, physical 
properties, and chemical characteristics of these heteropentalenes con- 
taining heteroatoms a t  bridgehead or nonbridgehead positions and in 
one or both rings are presented in a clear and concise manner. 


Chapter VII, Borazaromatic Compounds, by Albert J. Fritsch, treats 
heterocycles derived from benzenoid-type aromatic or heteroaromatic 
ring systems by replacement of a pair of carbon atoms by one atom each 
of boron and nitrogen. These include 2,1-borazarobenzene, 2,l-boraza- 
ronaphthalene, 10,9-borazaronaphthalene, 10,9-borazarophenanthrene, 
several five-membered borazaromatic compounds, and borazaromatic 
compounds containing another heteroatom in a six-membered ring. In 
addition to a section on spectral and theoretical considerations that  un- 
doubtedly provided initial stimulation in this area, an interesting section 
is devoted to the comparison of properties such as acidity, localization 
energies, and aromaticity of borazaromatic compounds. 


The final and longest chapter (146 pages) is Syntheses and Properties 


of Cyanine and Related Dyes by David M. Sturmer. This review con- 
centrates on dyes used as photographic spectral sensitizers and as de- 
sensitizers as opposed to those used in color imaging or antihalation and 
filtering. Sections on historical perspective and generic concepts serve 
to orientate the newcomer to this field rapidly. Of particular interest are 
the extended discussions of ground-state physical properties, electronic 
structure, substituent effects, and color shifts produced by isomerism 
and environment. 


The inclusion of an appreciable amount of tabulated data throughout 
this volume enhances its value beyond its function of updating the reader 
in these specific areas. 


Reviewed by Robert A. Coburn 
Department of Medicinal Chemistry 
School of Pharmacy 
State  Uniuersity of New York a t  Buffalo 
Buffalo,  N Y  14260 


Narcotic Antagonists: The Search fo r  Long-Acting Preparations, 
NIDA Research Monograph Series 4. Edited by ROBERT WIL- 
LETTE. National Institute on Drug Abuse, 11400 Rockville Pike, 
Rockville, MD 20852,1977.45 pp. 20 X 27 cm. Price $1.10. 
Many pharmacologists and behavioral scientists believe that com- 


pulsive drug abuse is related to the reinforcing or satisfying properties 
of dependence-producing drugs. Since narcotic antagonists such as na- 
loxone and naltrexone can entirely block the effects of ordinary doses of 
opioids, use of these drugs in the treatment of opiate addiction frequently 
has been advocated. However, in practice the narcotic antagonists have 
met with limited success, primarily because of their relatively short du- 
ration of action and the attendant problems of patient compliance. 


The National Institute on Drug Abuse (NIDA), through its contractors, 
is attempting to develop a long-acting narcotic antagonist drug delivery 
system or a sustained-release preparation that can be used in the treat- 
ment of opiate addiction. This monograph contains abstracts and concise 
progress reports from seven NIDA supported projects. Six of the reports 
deal with the development of novel delivery systems. The approaches 
are quite varied and include the use of coated injectable microcapsules, 
sustained-release zinc and aluminum tannate complexes, and implantable 
polypeptide tubes filled with narcotic antagonist. One particularly in- 
teresting approach uses a dispersion of naltrexone in a bioerodable 
polymeric matrix to release drug a t  a predetermined, continuous, and 
substantially constant rate. 


A seventh report describes the in vioo drug release characteristics and 
pharmacological activity of several delivery systems and also includes 
results of studies on the metabolic disposition and pharmacokinetics of 
naltrexone. Nearly all of the experimental data contained in the mono- 
graph are preliminary and preclinical. Only three reports list refer- 
ences. 


Because of its very narrow scope, the monograph probably will be of 
major interest only to scientists presently enqaged in research directly 
related to the development of long-acting pharmaceutical dosage forms. 
However, those persons who wish to keep abreast of current trends in the 
pharmacological control of compulsive opioid use also may find the 
monograph a source of useful, up-to-date information. 


Reviewed by Louis Diamond 
College of Pharmacy 
University of Kcntucky 
Lexington, K Y 40506 
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valent sulfur-containing structures are included). The synthesis, physical 
properties, and chemical characteristics of these heteropentalenes con- 
taining heteroatoms a t  bridgehead or nonbridgehead positions and in 
one or both rings are presented in a clear and concise manner. 


Chapter VII, Borazaromatic Compounds, by Albert J. Fritsch, treats 
heterocycles derived from benzenoid-type aromatic or heteroaromatic 
ring systems by replacement of a pair of carbon atoms by one atom each 
of boron and nitrogen. These include 2,1-borazarobenzene, 2,l-boraza- 
ronaphthalene, 10,9-borazaronaphthalene, 10,9-borazarophenanthrene, 
several five-membered borazaromatic compounds, and borazaromatic 
compounds containing another heteroatom in a six-membered ring. In 
addition to a section on spectral and theoretical considerations that  un- 
doubtedly provided initial stimulation in this area, an interesting section 
is devoted to the comparison of properties such as acidity, localization 
energies, and aromaticity of borazaromatic compounds. 


The final and longest chapter (146 pages) is Syntheses and Properties 


of Cyanine and Related Dyes by David M. Sturmer. This review con- 
centrates on dyes used as photographic spectral sensitizers and as de- 
sensitizers as opposed to those used in color imaging or antihalation and 
filtering. Sections on historical perspective and generic concepts serve 
to orientate the newcomer to this field rapidly. Of particular interest are 
the extended discussions of ground-state physical properties, electronic 
structure, substituent effects, and color shifts produced by isomerism 
and environment. 


The inclusion of an appreciable amount of tabulated data throughout 
this volume enhances its value beyond its function of updating the reader 
in these specific areas. 


Reviewed by Robert A. Coburn 
Department of Medicinal Chemistry 
School of Pharmacy 
State  Uniuersity of New York a t  Buffalo 
Buffalo,  N Y  14260 


Narcotic Antagonists: The Search fo r  Long-Acting Preparations, 
NIDA Research Monograph Series 4. Edited by ROBERT WIL- 
LETTE. National Institute on Drug Abuse, 11400 Rockville Pike, 
Rockville, MD 20852,1977.45 pp. 20 X 27 cm. Price $1.10. 
Many pharmacologists and behavioral scientists believe that com- 


pulsive drug abuse is related to the reinforcing or satisfying properties 
of dependence-producing drugs. Since narcotic antagonists such as na- 
loxone and naltrexone can entirely block the effects of ordinary doses of 
opioids, use of these drugs in the treatment of opiate addiction frequently 
has been advocated. However, in practice the narcotic antagonists have 
met with limited success, primarily because of their relatively short du- 
ration of action and the attendant problems of patient compliance. 


The National Institute on Drug Abuse (NIDA), through its contractors, 
is attempting to develop a long-acting narcotic antagonist drug delivery 
system or a sustained-release preparation that can be used in the treat- 
ment of opiate addiction. This monograph contains abstracts and concise 
progress reports from seven NIDA supported projects. Six of the reports 
deal with the development of novel delivery systems. The approaches 
are quite varied and include the use of coated injectable microcapsules, 
sustained-release zinc and aluminum tannate complexes, and implantable 
polypeptide tubes filled with narcotic antagonist. One particularly in- 
teresting approach uses a dispersion of naltrexone in a bioerodable 
polymeric matrix to release drug a t  a predetermined, continuous, and 
substantially constant rate. 


A seventh report describes the in vioo drug release characteristics and 
pharmacological activity of several delivery systems and also includes 
results of studies on the metabolic disposition and pharmacokinetics of 
naltrexone. Nearly all of the experimental data contained in the mono- 
graph are preliminary and preclinical. Only three reports list refer- 
ences. 


Because of its very narrow scope, the monograph probably will be of 
major interest only to scientists presently enqaged in research directly 
related to the development of long-acting pharmaceutical dosage forms. 
However, those persons who wish to keep abreast of current trends in the 
pharmacological control of compulsive opioid use also may find the 
monograph a source of useful, up-to-date information. 


Reviewed by Louis Diamond 
College of Pharmacy 
University of Kcntucky 
Lexington, K Y 40506 
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sustained-release zinc and aluminum tannate complexes, and implantable 
polypeptide tubes filled with narcotic antagonist. One particularly in- 
teresting approach uses a dispersion of naltrexone in a bioerodable 
polymeric matrix to release drug a t  a predetermined, continuous, and 
substantially constant rate. 


A seventh report describes the in vioo drug release characteristics and 
pharmacological activity of several delivery systems and also includes 
results of studies on the metabolic disposition and pharmacokinetics of 
naltrexone. Nearly all of the experimental data contained in the mono- 
graph are preliminary and preclinical. Only three reports list refer- 
ences. 
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Drug Interactions. Edited by D. G. GRAHAME-SMITH. University 
Park Press, Chamber of Commerce Bldg., Baltimore, MD 21202,1977. 
viii + 310 pp. 15 X 23 cm. Price $44.50. 
This volume, consisting of five major sections, presents the proceedings 


of a symposium held in London in March 1975. The book contains in- 
formation particularly useful for clinical pharmacologists and toxicolo- 
gists. Unfortunately, the practicing clinician will find the material too 
esoteric to be of much value in the care of patients. Primarily, this may 
not be a fault of the book but rather the recognition that our knowledge 
of this area is still scanty, especially when applied to the clinical setting, 
as opposed to  studying drug interactions i n  uitro. 


The first two sections (10 chapters) are devoted to fundamental aspects 
of drug interactions, but basic principles are also scattered throughout 
the remaining 13 chapters, which deal with Drug Interactions in Psy- 
chopharmacology, Influence of Disease on Drug Effects and Interactions, 
and Specific Drug Interaction Problems. 


Hershel Jick defines drug interaction as “a pharmacological response 
which cannot be explained by the action of a single drug but is due to two 
or more drugs acting simultaneously.” C. T. Dollery points out that “the 
main importance of drug-disease interactions. . . lies in their unpredic- 
tability, or the fact that, even when predictable, they are often not pre- 
d icted . ” 


M. D. Rawlins underscores the complexity of the entire field for 
pharmacodynamic interactions alone. He envisions four types: ( a )  en- 
hanced effects produced by two drugs acting at  the same site, ( b )  in- 
creased effects produced by two drugs acting at  different receptor sites, 
( c )  enhanced effects of a drug by one that is devoid of action itself, and 
( d )  antagonism of the effect of one drug by another. J. W. Bridges high- 
lights the further complexity of the field by indicating that, for complete 
predictability, all receptor sites for each drug must be identified, the 
physiological consequences recognized, and the concentrations and 
persistence of the drugs at  the receptor sites determined. Obviously, we 
are far from having begun to  attain this goal. 


“Drug Interactions” is well referenced but not casually read. This 
thrifty reviewer considers the book to be excessively priced. 


Reviewed by Jacques Dreyfuss 
The  Squibb Institute for Medical 


New Rrunswick, N J  08903 
Research 


Advances in Mass Spectrometry in Biochemistry and Medicine, 
Vol. 11. Edited by ALBERT0 FRIGERIO. Halsted, 605 Third Ave., 
New York, NY 10016,1977.609 pp. 15 X 23 cm. Price $48.50. 
The book is a report on the proceedings of the Third International 


Symposium on Mass Spectrometry in Biochemistry and Medicine, Mario 
Negri Institute for Pharmacological Research in Milan, Italy, in June 
1975. Volume I1 follows the same basic format established in Volume I, 
which detailed the proceedings of the 1974 Symposium. 


It contains a cross-section of mass spectral applications being imple- 
mented by the authors in various laboratories for the solution of bio- 
medical problems. Forty-eight separate entries on individual topics, 
ranging from Automated Multicomponent Analysis of Biological Mix- 
tures by Gas Chromatography-Mass Spectrometry to Peptide Frag- 
mentation Mechanisms have been contributed by specialists in the field. 
The articles are of varying quality and importance. They cover a wide 
range of interest areas and should appeal to a large segment of the sci- 
entific community. One of the book’s strong points is the excellent use 
of‘diapams and illustrations, which complete most presentations. Also, 
all entries are followed by thorough bibliographies. 


In particular, the major topics include detection and identification of 
low levels of drug metabolites and other biomedical applications. Uses 
of mass spectrometry for the study of such medically important com- 
pounds as steroids, prostaglandins, peptides, and catecholamines are 
given. Although gas chromatography-mass spectrometry is the principal 
means of separation and identification of compounds, several other ex- 
amples of isolation and separation are discussed. Some of the major topics 
covered include mass fragmentography, gas chromatography-mass 
spectrometry using stable isotopes, derivatization, electro-optical ion 
detection, electron impact, chemical ionization, field ionization, field 
desorption, high-resolution mass measurements, and data acquisition 
and processing. 


Due to the nature of this book, a single review is a virtual impossibility. 
The scientific merit, the method of presentation, the writing style, and 
the readability differ with each article. After taking into consideration 


the highs and lows, an overall view of these presentations is very positive. 
This book will have definite value to  many chemists, biochemists, 
pharmacologists, and medical researchers as well as mass spectrome- 
trists. 


Reviewed by Charles Kuhlman 
Wyeth  Laboratories 
Research Division 
Radnor, P A  19087 
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MOUR S. BLOCK. Lea & Febiger, 600 Washington Square, Phila- 
delphia, PA 19106,1977. 1049 pp. 18 X 26 cm. Price $48.50. 


Newburger’s Manual of Cosmetic Analysis, 2nd Ed. Edited by ALAN 
J. SENZEL. The Association of Official Analytical Chemists, PO Box 
540, Benjamin Franklin Station, Washington, DC 20044,1977.150 pp. 
17 X 26 cm. Price $10.50. 


Dermatotoxicology and Pharmacology: Advances in Modern Toxicology, 
Vol. 4. Edited by FRANCIS N. MARZULLI and HOWARD I. MAI- 
BACH. Halsted, 605 Third Ave., New York, NY 10016,1977.567 pp. 
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Drug Interactions. Edited by D. G. GRAHAME-SMITH. University 
Park Press, Chamber of Commerce Bldg., Baltimore, MD 21202,1977. 
viii + 310 pp. 15 X 23 cm. Price $44.50. 
This volume, consisting of five major sections, presents the proceedings 


of a symposium held in London in March 1975. The book contains in- 
formation particularly useful for clinical pharmacologists and toxicolo- 
gists. Unfortunately, the practicing clinician will find the material too 
esoteric to be of much value in the care of patients. Primarily, this may 
not be a fault of the book but rather the recognition that our knowledge 
of this area is still scanty, especially when applied to the clinical setting, 
as opposed to  studying drug interactions i n  uitro. 


The first two sections (10 chapters) are devoted to fundamental aspects 
of drug interactions, but basic principles are also scattered throughout 
the remaining 13 chapters, which deal with Drug Interactions in Psy- 
chopharmacology, Influence of Disease on Drug Effects and Interactions, 
and Specific Drug Interaction Problems. 


Hershel Jick defines drug interaction as “a pharmacological response 
which cannot be explained by the action of a single drug but is due to two 
or more drugs acting simultaneously.” C. T. Dollery points out that “the 
main importance of drug-disease interactions. . . lies in their unpredic- 
tability, or the fact that, even when predictable, they are often not pre- 
d icted . ” 


M. D. Rawlins underscores the complexity of the entire field for 
pharmacodynamic interactions alone. He envisions four types: ( a )  en- 
hanced effects produced by two drugs acting at  the same site, ( b )  in- 
creased effects produced by two drugs acting at  different receptor sites, 
( c )  enhanced effects of a drug by one that is devoid of action itself, and 
( d )  antagonism of the effect of one drug by another. J. W. Bridges high- 
lights the further complexity of the field by indicating that, for complete 
predictability, all receptor sites for each drug must be identified, the 
physiological consequences recognized, and the concentrations and 
persistence of the drugs at  the receptor sites determined. Obviously, we 
are far from having begun to  attain this goal. 


“Drug Interactions” is well referenced but not casually read. This 
thrifty reviewer considers the book to be excessively priced. 


Reviewed by Jacques Dreyfuss 
The  Squibb Institute for Medical 


New Rrunswick, N J  08903 
Research 


Advances in Mass Spectrometry in Biochemistry and Medicine, 
Vol. 11. Edited by ALBERT0 FRIGERIO. Halsted, 605 Third Ave., 
New York, NY 10016,1977.609 pp. 15 X 23 cm. Price $48.50. 
The book is a report on the proceedings of the Third International 


Symposium on Mass Spectrometry in Biochemistry and Medicine, Mario 
Negri Institute for Pharmacological Research in Milan, Italy, in June 
1975. Volume I1 follows the same basic format established in Volume I, 
which detailed the proceedings of the 1974 Symposium. 


It contains a cross-section of mass spectral applications being imple- 
mented by the authors in various laboratories for the solution of bio- 
medical problems. Forty-eight separate entries on individual topics, 
ranging from Automated Multicomponent Analysis of Biological Mix- 
tures by Gas Chromatography-Mass Spectrometry to Peptide Frag- 
mentation Mechanisms have been contributed by specialists in the field. 
The articles are of varying quality and importance. They cover a wide 
range of interest areas and should appeal to a large segment of the sci- 
entific community. One of the book’s strong points is the excellent use 
of‘diapams and illustrations, which complete most presentations. Also, 
all entries are followed by thorough bibliographies. 


In particular, the major topics include detection and identification of 
low levels of drug metabolites and other biomedical applications. Uses 
of mass spectrometry for the study of such medically important com- 
pounds as steroids, prostaglandins, peptides, and catecholamines are 
given. Although gas chromatography-mass spectrometry is the principal 
means of separation and identification of compounds, several other ex- 
amples of isolation and separation are discussed. Some of the major topics 
covered include mass fragmentography, gas chromatography-mass 
spectrometry using stable isotopes, derivatization, electro-optical ion 
detection, electron impact, chemical ionization, field ionization, field 
desorption, high-resolution mass measurements, and data acquisition 
and processing. 


Due to the nature of this book, a single review is a virtual impossibility. 
The scientific merit, the method of presentation, the writing style, and 
the readability differ with each article. After taking into consideration 


the highs and lows, an overall view of these presentations is very positive. 
This book will have definite value to  many chemists, biochemists, 
pharmacologists, and medical researchers as well as mass spectrome- 
trists. 


Reviewed by Charles Kuhlman 
Wyeth  Laboratories 
Research Division 
Radnor, P A  19087 
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E R R A T A  


In the article titled “Possible Antineoplastic Agents I” (l), the following 


On page 265, Table IV, the Melting Point column should read: 
258-260’ 


148-150’ 


corrections should be made: 


150-152’ 


130-132’ 
136-138’ 
100-102’ 
70-72’ 


262-264’ dec. 
27%280° dec. 


The Boiling Point column should be deleted. A footnote should be added 
for Compounds IIb-IIg that reads: 


“Purified by crystallization from water or dilute ethanol with charcoal 
treatment.” 


(1) A. U. De and D. Pal, J.  Pharm. Sci., 64,262 (1975). 


In the article titled “Effect of Micellization on Rate of Cupric-Ion- 
Promoted Hydrolysis of Dicarboxylic Acid Hemiesters” (l), the following 
correction should be made: 


On page 1713, column 2, Structure I should be: 


(1) J. T. H. Ong and H. B. Kostenbauder, J .  Pharm. Sci., 65, 1713 
(1976). 


In the article titled “Steric Inhibition of Conjugation in Lowest Excited 
Singlet State of 9-Anthramide by Hydrogen Bond Donor Solvents: Role 
of Solvent in Chemical Structure” (l), the following corrections should 
be made: 


On page 1834, Table I should read: 


Table I-Absorption (Abs) and Fluorescence (Fl) of the Neutral 
and Cationic Species Derived from 9-Anthramide 


A, Abs, A, Flmax, 
Cation nm nm 


Aqueous sulfuric acid 405 470 


- 442 
(Ho - 4) 


Ethanol + 2% 
trifluoroacetic acid 


- - - 
- - - 


Heptane + 2% - 462 
trifluoroacetic acid 


- - - 


Neutral 


Water 


Ethanol 


Dioxane 
Acetoni- 


trile 
Heptane 


Chloro- 
fnrm 


A, Abs, A, Flmnx, 
nm nm 


385 407 


385 404 


384 440 
382 448 


380 451 


384 461 


On page 1834, column 1, the second line under Experimental should 


(1) R. J. Sturgeon and S. G. Schulman, J. Pharm. Sci., 65, 1833 
read “from chloroform” instead of “from absolute ethanol.” 


(1976). 


In the article titled “NMR Determination of Trimethoprim and Sul- 
famethoxazole in Tablets and Powders” (l), the following corrections 
should be made: 


On page 121, column 2, Figure 1, the second line of the legend should 
read “b, benzylic protons” instead of “b, aromatic protons.” 


On page 122, column 1, line 6, “the aromatic protons of I” should read 
“the benzylic protons of I.” 


On page 122, column 1, Figure 3, the second and third lines of the leg- 
end should read “c, benzylic protons of I” instead of “c, aromatic protons 
of I.” 


(1) M. R. Rodriguez, M. T. Pizzorno, and S. M. Albonico, J. Pharm. 
Sci., 66,121 (1977). 


In the article titled “IR Spectrophotometric Assay of Carbachol So- 
lutions” (I), the following correction should be made: 


On page 439, column 1, the last sentence of the second paragraph under 
Experimental should read “Determine the corrected absorbance by 
subtracting the absorbance at the baseline from the absorbance a t  the 
maximum, where absorbance A = log 1/T.” 


(I)  J. Frank and L. Chafetz, J. Pharm. Sci., 66,439 (1977). 


In the article titled “Anthelmintic 2-Arylhydrazino- and 2-Arylazo- 


On page 1152, Table 111, the R column entry for Compound XXXII 


(1) M. T. Wu, F. S. Waksrnunski, D. R. Hoff, M. H. Fisher, J. R. Eg- 


2-thiazolines” (I), the following correction should be made: 


should read ‘‘3-CH3CeH4.” 


erton, and A. A. Patchett, J .  Pharm. Sci., 66,1150 (1977). 


In the article titled “Kinetics and Mechanism of Blue Tetrazolium 
Reaction with Corticosteroids” (11, the following correction should be 
made: 


On page 1386, column 1, the last sentence of the first complete para- 
graph should read: “A free radical mechanism was proposed for tetra- 
zolium reactions with nonketol compounds (21) but was found not to 
apply to tetrazolium reduction by corticosteroids (19). 


(1) R. M. Oteiza, R. S. Wooten, C. T. Kenner, R. E. Graham, and E. 
R. Biehl, J. Pharm. Sci., 66,1385 (1977). 
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packages in excess of that for the control package would indicate sorption 
by the packaging and/or permeation of the package by nitroglycerin. 


The potency-time curves for the control package and the conventional 
package are not significantly different. Except for a drop in potency 
shortly after packaging due to absorption (8% a t  26O), the potency-time 
curves for the unit-dose package are indistinguishable from those for the 
control package. Therefore, permeation of the package by nitroglycerin 
is not significant. 


The mean content uniformity (Table VI) appears to be slightly better 
for the unit-dose package than for the conventional package. Although 
the tablets studied were stabilized, a small amount of intertablet mi- 
gration (-2% increase in standard deviation) apparently occurred as the 
tablets were aged in conventional containers. Since intertablet migration 
was prevented in the unit-dose package, the content uniformity remained 
essentially unchanged upon aging. 


In summary, acceptable stability for up to 2 years6 a t  26” was dem- 
onstrated for unit-dose nitroglycerin in Package IX. The tablets em- 
ployed in this research were stabilized tablets; conventional tablets would 
probably lose excessive nitroglycerin through absorption. 
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Disposition of Sulfonamides in 
Food-Producing Animals V: Disposition of 
Sulfathiazole in Tissue, Urine, and Plasma of 
Sheep following Intravenous Administration 


RICHARD F. BEVILL*X, GARY D. KORITZ* 
LEWIS W. DITTERT $, and DAVID W. A. BObRNE 


Abstract 0 The plasma, urine, and tissue sulfathiazole concentrations 
were determined at various times following intravenous administration 
to 12 sheep. The plasma and urine data were consistent with a one- 
compartment pharmacokinetic model, with an elimination half-life of 
1.1 hr and a volume of distribution of 0.39 liter/kg. Sulfathiazole was 
eliminated by excretion of unchanged drug in urine (67%) and by for- 
mation of two metabolites. The data obtained from eight tissue sites were 
consistent with the one-compartment pharmacokinetic model presented 
and confirmed that tissue residues of sulfathiazole can be calculated from 
serum and urine drug concentrations. 


Keyphrases 0 Sulfonamides-disposition of sulfathiazole in tissue, 
urine, and plasma of sheep following intravenous administration 0 
Sulfathiazole-disposition in tissue, urine, and plasma of sheep following 
intravenous administration, pharmacokinetic model 0 Pharmacoki- 
netics-sulfathiazole in sheep following intravenous administration0 
Disposition, biological-sulfathiaole in tissue, urine, and plasma of sheep 
following intravenous administration, pharmacokinetic model 0 Anti- 
bacterials-sulfathiaole, disposition in tissue, urine, and plasma of sheep 
following intravenous administration, pharmacokinetic model 


When food-producing animals are treated with anti- 
bacterial drugs, significant drug concentrations may re- 
main for some time in food tissues. Human consumption 


of meat containing drug residues may subsequently cause 
the development of hypersensitivity to drugs used thera- 
peutically or the preferential selection of bacterial strains 
resistant to those drugs (1). 


BACKGROUND 


Normally, drug residues in the food tissues of animals are controlled 
by cessation of treatment a t  some minimum specified time, i.e., the 
withdrawal time, before slaughter, allowing the drug to “washout” from 
the food tissues. However, field surveys reporting the number of carcasses 
with illegal concentrations of antibacterial drugs suggest that a sufficient 
withdrawal time often is not allowed (2). 


The current method for controlling the appearance of drug-contami- 
nated meat on the market consists of randomly checking carcasses at  the 
slaughterhouse. This method is inefficient because drug assays of tissue 
are generally expensive and time consuming and the detection of con- 
taminated carcasses may cause the condemnation of complete carcass 
lots. If a method could be developed to detect animals whose meat con- 
tained more than the tolerance limit of a drug before slaughter, it would 
be possible to delay slaughtering until the drug is below tolerated levels, 
thereby saving the carcass from needless destruction. Furthermore, if 
the detection method analyzed blood or urine instead of tissue specimens, 
it should be possible to reduce the cost and time involved in assay and 
thereby increase the efficiency of surveillance. 
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Figure 1-Semilogarithmic plot of average plasma sulfathiazole con- 
centration (@) and average rate of urinary excretion of unchanged 
sulfathiazole (A) versus time following intravenous administration to 
sheep. The points were experimentally determined (fl SD), and the 
lines were calculated using the pharmacokinetic model (Scheme II) and 
the values of the parameters presented in Table II. 


If a relationship could be established between tissue concentrations 
and plasma and/or urine concentrations of the drug and if the pharma- 
cokinetics of the drug were known, it would be possible to predict when 
the tissue concentrations in an animal reach the tolerance limits. Also, 
by judicious use of pharmacokinetic relationships, the effects of changes 
in drug products, route of administration, or dosing regimens on with- 
drawal times could be investigated without the need for expensive 
slaughter studies. 


The preliminary pharmacokinetics of sulfathiazole in sheep following 
intravenous and oral administrations were presented previously (3). 
Sulfathiazole disposition was described in terms of a one-compartment 
pharmacokinetic model (3). In this study, the pharmacokinetic model 
previously developed was confirmed, and correlations between the drug 
concentration in various tissues and drug concentrations in plasma and 
urine following intravenous administration were investigated. 


EXPERIMENTAL 


Animals-Fifteen mixed-breed female lambs' were randomly assigned 
to groups of three and placed in individual metabolism cages 72 hr prior 
to drug administration. Twenty-four hours prior to dosing, each animal 
was weighed and fitted with a Foley retention catheter2, and the area over 
each jugular vein was clipped. Hay and water were provided a d  libitum, 
but grain was limit fed throughout the acclimation and treatment peri- 
ods. 


Drug Administration and Specimen Collection-A 12.5% solution 
of sulfathiazole sodium3 (72 mg/kg) was injected rapidly into the right 
jugular vein of each animal. Plasma specimens were collected via the left 
jugular vein at  0,0.5,1,2,3,4,5,6,8,12,16, and 24 hr after administration. 
The total voided urine volume was measured, and urine specimens were 
collected at 0 ,0 .5 ,1 ,2 ,3 ,4 ,5 ,6 ,8 ,  12, 16, and 24 hr following adminis- 
tration. 


Groups of three animals were sacrificed a t  2,4,8,16,  and 24 hr after 
drug administration. Three untreated control animals' were slaughtered 


From the University of Illinois Agricultural Experiment Station, Dixon Springs, 
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Figure 2-Plot of cumulative amount of sulfathiazole (a), acetyl me- 
tabolite (A), and polar metabolite (+) excreted in urine versus time 
following intravenous administration to sheep. The points were er- 
perimentally determined (fl SD), and the fines were calculated using 
the pharmacokinetic model (Scheme II) and the values of the param- 
eters presented in Table II. 


after the other treatments were completed. Portions of liver, heart, kid- 
ney, shoulder muscle, loin muscle, hindlimb muscle, body fat, and 
omental fat tissues were obtained from each slaughtered animal. 


Plasma and urine specimens were stored a t  -5' until assayed. Tissue 
specimens were frozen in liquid nitrogen, blended to a powder, and stored 
a t  -10" until assayed (4). 


Assay Methods-Plasma was analyzed for sulfathiazole by the 
modified Bratton-Marshall method of Annino (5). 


Urine was analyzed for unchanged sulfathiazole and its acetyl and pular 
metabolites by the method of Bevill et  al. (4), except that ethyl acetate 
was used to develop the TLC plates instead of chloroform-acetone as used 
previously. 


Tissues were analyzed for sulfathiazole by the method of Bevill et  al. 
(41, except that  three 25-ml volumes of hexane were used to remove the 
eluates from the round-bottom flasks after the flash evaporation step, 
and the flasks were washed with 5 ml of acetone after each hexane wash. 
Standard curves were prepared as described previously (4). Tissue 
samples containing 0.1-20 ppm of sulfathiazole were employed. 


RESULTS AND DISCUSSION 


Analytical Results-The average plasma sulfathiazole concentrations 
a t  various times following intravenous administration are shown in Fig. 
1. The plasma concentrations decreased rapidly with time, reaching 0.1 
mg % (approximate limit of detection) in about 10 hr. The average plasma 
concentration was below 5 mg % (a therapeutically effective concentra- 
tion) within 2 hr. 


The results of analysis of urine collected a t  various times following 
intravenous administration are presented in Fig. 2 as the average cu- 
mulative percent of dose excreted as unchanged sulfathiazole and as the 
acetyl and polar metabolites. Approximately 67% of the dose was excreted 
as unchanged sulfathiazole, 19% as the acetyl metabolite, and less than 
2% as the polar metabolite. 


The results of residue analysis of various tissues of lambs slaughtered 
a t  various times following drug administration are shown in Table I. 


Selection of a Pharmacokinetic Model-Semilogarithmic plots of 
the average plasma concentration Versus time and the average rate of 
excretion of unchanged sulfathiazole in urine versus time are presented 
in Fig. 1. Both these plots were linear with constant and similar slopes, 
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Table I-Average Sulfathiazole Concentrations in  Tissues of Lambs at Various Times af ter  Administration of Sulfathiazole, 72 mg/kg 
iv 


Average Tissue Concentration, ppm f SD 
Hours after Leg Shoulder Loin Body Omental 


Dosing Kidney Heart Muscle Muscle Muscle Liver Fat Fat 
2.0 308 34 22 23 22 40 11 6.7 


f145 f l l  f 7 . 5  f 8 . 1  f 5 . 7  513 f5 .2  f2 .9  
4.0 55 9.3 5.0 4.7 4.9 9.4 3.5 1.4 


f 2 4  f5 .9  f2 .6  f2 .5  f2 .8  f 4 . 9  f 1 . 9  10.54 
8.0 2.3 0.32 0.26 0.27 0.23 0.70 0.26 0.12 


f1 .3  f0.12 f O . l l  f0.12 f O . l l  f0.29 f0.13 f0.04 
16.0 0.36 0.08 n.s.’ n.s. 0.05 0.30 n.s. n.s. 


f0.13 f0.03 f0.02 f0.14 
24.0 0.11 0.07 ns.  n.s. n.s. 0.12 ns.  ns .  


f0.06 50.03 44.06 


n.s. = not significant (p  < 0.01). 


Table 11-Values of the Parameters of the Pharmacokinetic Model Describing Sulfathiazole Disposition in Lambs (Scheme 11) 


v d  a kelb ksulfathiazole kmiscellaneous kAB k p e  kAub k p u b  
0.389 0.625 0.424 0.071 0.116 0.013 2.53 1.88 i‘ 


SD“ 0.044 0.144 0.120 0.046 0.047 0.015 2.4 2.70 
Averagedd 0.373 0.629 0.417 0.088 0.115 0.009 2.03 1.32 


Scheme I1 to averaged plasma and urine data. 
Volume of distribution, liter per kilogram. * Rate constants, hour-’. Average and standard deviation of values from individual animals 4-15. Results from fitting 


suggesting that the overall elimination of sulfathiazole in lambs follows 
first-order kinetics: computer4. 


squares computation, using the SAAM 23 program (7 )  and a digital 


rate of elimination = k,lC, (Eq. 1) 


where C, is the concentration of unchanged sulfathiazole in plasma. 
The biological half-life of sulfathiazole in lambs (Fig. 1) is approxi- 


mately 1.1 hr; therefore, kel, the overall elimination rate constant, is ap- 
proximately 0.63 hr-l. Since there was no apparent distribution phase 
in Fig. 1, it was concluded that sulfathiazole pharmacokinetics in lambs 
could be described by a one-compartment model such as that shown in 
Scheme I. 


sulfathiazole in sulfathiazole eliminated 


Scheme I 
plasma o,63 hr-l from plasma 


Urinary excretion data also were collected for unchanged sulfathiazole 
and its acetyl and polar metabolites, so the pharmacokinetic model could 
be expanded to include these features. Moreover, since the entire dose 
was not recovered in the urine, the amount not recovered was represented 
by a “miscellaneous” process. It was assumed that unchanged sulfathi- 
azole entered the urine directly from the plasma compartment whereas 
the metabolites were first formed in the plasma (or body) compartment 
and then cleared into the urine. Based on these assumptions, the model 
in Scheme I1 was selected. 


Fitting Model to Data-Scheme I1 was fitted to the data for un- 
changed sulfathiazole in plasma and urine and for the metabolites of 
sulfathiazole in urine by obtaining values for each rate constant. First, 
initial estimates of the rate constants were obtained by the method de- 
scribed previously (6). Then the averaged plasma concentrations of sul- 
fathiazole and averaged urine outputs of sulfathiazole and its metabolites 
versus time were fitted to the model in Scheme I1 by iterative least- 


ksulfathiazole 
sulfathiazole * sulfathiazole 
in Dlasma in urine 


I \A 
kA U 


acetyl metabolite - acetyl metabolite 
in plasma in urine 


kP u polar metabolite - pol? metabolite 
in plasma in urine I 


sulfathiazole 
‘LloSt” 


Scheme I1 


The calculated values of the parameters of Scheme I1 for averaged 
plasma and urine data are presented in Table 11. The overall elimination 
rate constant, kel, was 0.63 hr-l (biological half-life of 1.1 hr), and the 
volume of distribution was 0.37 liter/kg. 


The close agreement between the model and the averaged experimental 
data is illustrated in Figs. 1 and 2. The lines in these figures were gener- 
ated by the pharmacokinetic model shown in Scheme I1 with the “best 
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Figure 3-Semilogarithmic plot of sulfathiazole concentration in 
various tissues versus time following intravenous administration to 
sheep. The points (with solid connecting lines) were experimentally 
determined in kidney (01, heart (A), liver (f), loin muscle (+), leg 
muscle (+), shoulder muscle (X), body fa t  (X), and omental fa t  (Z) 
tissue. The dashed line represents the plasma concentration calculated 
using the pharmacokinetie model (Scheme II) and the ualues of the 
parameters presented in Table II .  


4 IBM 370/165. 
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Table 111-Linear Regression Analysis of Average Plasma Sulfathiazole Concentration and Excretion Rate  of Unchanged 
Sulfathiazole versus the  Sulfathiazole Concentration in  Various Tissues following Administration of Sulfathiazole, 72 mg/kg iv 


Average Average 
Plasma Excretion Concentration in Tissues, ppm 


Concentration, Rate, Body Omental 
Hours mg/100 ml 96 doselhr Kidney Liver Heart Muscle Fat Fat 


2.0 4.7 
4.0 1.2 
8.0 0.1 


13.4 308 40 34 22 11 6.7 
4.3 55 9.4 9.3 4.9 3.5 1.4 
0.7 2.3 0.7 0.3 0.3 0.3 0.1 


r (between plasma and tissue concentrations) 


r (between excretion rate and tissue concentration) 
1 .ooo 1.000 1.000 0.999 0.998 0.998 


0.990 0.996 0.998 0.995 1 .000 0.992 


fit” constants for averaged data shown in Table 11. In each figure, the 
points are the averaged values from the remaining lambs at each sampling 
time, with 1 SD indicated by error bars. 


Variations in the values of the rate constants due to variations within 
the lamb populations were estimated by fitting the data from each animal 
individually to  the model in Scheme 11. The results obtained from the 
averaged data were used as initial estimates. The values obtained for the 
parameters of Scheme I1 following iterative least-squares fitting to the 
individual animal data are presented in Table 11. The average overall 
elimination rate constant was 0.62 f 0.14 hr-’ (biological half-life of 1.1 
f 0.2 hr) and the average volume of distribution was 0.39 f 0.04 liter/kg. 
These figures compare favorably with the results obtained by fitting 
averaged plasma and urine data and with the results obtained previously 
in sheep (3). 


The observed one-compartment pharmacokinetics in lambs imply that 
the extravascular tissues into which sulfathiazole penetrates are in rapid 
equilibrium with plasma throughout the entire time that the drug is in 
the body. In the present study, the one-compartment nature of sul- 
fathiazole pharmacokinetics beyond 2 hr crin be observed in the experi- 
mentally determined drug concentratiws in representative tissue 
specimens. This result is illustrated in Fig. 3, which shows plasma con- 
centrations of unchanged sulfathiazole calculated using the phar- 
macokinetic model and concentrations of unchanged sulfathiazole in eight 
tissues obtained from the animals at  slaughter. 


According to the proposed model, the drug concentration in each tissue 
should be directly proportional to the plasma concentration and to the 
urinary excretion rate of unchanged sulfathiazole determined at  the same 
time. The correlation coefficients obtained by linear regression of the 
plasma and urine data with the residual concentrations in various tissues 
are shown in Table 111. These excellent correlations demonstrate that 


the plasma concentrations and the urine outputs of sulfathiazole accu- 
rately reflect tissue residues of sulfathiazole in the lamb. Thus, the time 
required for sulfathiazole to reach negligible levels in various tissues that 
might be used as food can be determined by plasma and/or urine analysis 
without slaughtering the animals. 
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Cascarosides A and B 


J. W. FAIRBAIRNX, F. J. EVANS, and J. D. PHILLIPSON 


Abstract 0 Electron-impact and field desorption mass spectrometry, 
together with NMR and circular dichroism spectroscopy, were used to 
confirm that cascarosides A and B are C-10 isomers of 8-O-(P-D-gluco- 
pyranosy1)barbaloin. Several batches of cascarosides A and B were pre- 
pared and oxidatively hydrolyzed to aloe-emodin. The results are dis- 
cussed in relation to the assay for cascara given in the European Phar- 
macopoeia, 1971. 


Keyphrases 0 Cascarosides A and B-electron-impact and field de- 


sorption mass spectrometric and NMR and circular dichroism spectro- 
scopic structural identification 0 Barbaloin derivatives-cascarosides 
A and B, electron-impact and field desorption mass spectrometric and 
NMR and circular dichroism spectroscopic structural identification 
Mass spectrometry, electron impact and field desorption-structural 
identification of cascarosides A and B NMR spectroscopy-structural 
identification of cascarosides A and B o Circular dichroism spectros- 
copy-structural identification of cascarosides A and B 


Cascarosides A and B previously were isolated from 
Rhamnus purshiana DC. bark and shown to contain glu- 
cose and barbaloin (1). Later work proved that cascarosides 
A and B were glucosides of (+I- and (-)-barbaloin, re- 
spectively, although it was suggested that the molecules 


contained additional carbon fragments (2). This suggestion 
was partly based on the fact that the yield of barbaloin and 
aloe-emodin after hydrolysis was significantly less than 
theory for a glucoside of barbaloin. Molecular weight de- 
terminations, mass spectrometry, NMR spectroscopy, and 
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Dissolution Kinetics of Cholesterol in 
Simulated Bile I: Influence of Bile Acid 
Type and Concentration, Bile Acid-Lecithin Ratio, and 
Added Electrolyte 


K. H. KWAN *, W. I. HIGUCHI *x, A. M. MOLOKHIA *, and 
A. F. HOFMANNk 


Abstract 0 A physical model approach was utilized to investigate cho- 
lesterol monohydrate dissolution kinetics in simulated bile. The static 
pellet method and the Bertboud theory were employed to assess the 
contributions of the diffusion-convection mass transfer resistance and 
those of the interfacial resistance to the overall kinetics. For almost all 
situations studied, the interfacial resistance was the dominant rate- 
determining factor. The effects of four bile acids and their concentrations, 
the bile acid-lecithin ratio, and the added electrolytes and their con- 
centrations on the interfacial resistance were examined. The results were 
correlated with those obtained with human bile samples, and the indi- 
cations were that the kinetics of cholesterol dissolution in bile may be 
explainable on the basis of the principal bile acids, lecithin, and the 
electrolytes in the bile. 


Keyphrases 0 Cholesterol monohydrate-pellets, dissolution kinetics 
in simulated bile, effect of bile acid type and concentration, ratio to lec- 
ithin, and added electrolytes Dissolution kinetics-cholesterol 
monohydrate pellets in simulated bile, effect of bile acid type and con- 
centration, ratio to lecithin, and added electrolytes 0 Bile acids-effect 
of type and concentration on dissolution of cholesterol monohydrate 
pellets in simulated bile 0 Lecithin-ratio to bile acid concentration, 
effect on dissolution kinetics of cholesterol monohydrate pellets in sim- 
ulated bile 0 Electrolytes-effect on dissolution kinetics of cholesterol 
monohydrate pellets in simulated bile 0 Gallstones, model-cholesterol 
monohydrate pellets, dissolution kinetics in simulated bile, effect of bile 
acid type and concentration, ratio to lecithin, and added electrolytes 0 
Steroids-cholesterol monohydrate pellets, dissolution kinetics in sim- 
ulated bile, effect of bile acid type and concentration, ratio to lecithin, 
and added electrolytes 


During the past decade, major advances have been made 
in understanding the cholesterol gallstone problem. But, 
until recently, the only treatment for cholesterol gallstones 
was surgery. Recent studies (1-4) demonstrated that oral 
administration of chenodeoxycholic acid, a naturally oc- 
curring bile acid, to patients with cholesterol gallstones 
decreased the relative concentration of cholesterol in bile 
and induced dissolution of stones in 6-36 months. 


While much is known (5-8) about the thermodynamic 
factors governing cholesterol gallstone formation and 


dissolution in uiuo, there is relatively little information on 
the kinetics of gallstone dissolution. Such studies could be 
important, since a relatively slow rate of dissolution of 
cholesterol gallstones was observed in several clinical 
studies. A theoretical treatment by Higuchi et al. (9) led 
to the proposal that in uiuo dissolution of cholesterol 
gallstones occurred at  rates much slower than anticipated 
when dissolution was solubility-diffusion controlled; 
therefore, the anomalously slow rates for gallstone disso- 
lution observed previously (1) indicated that interfacial 
factors might be important in uiuo. 


Indeed, experimental studies (10, 11) showed that in 
uitro dissolution of cholesterol gallstones in simulated bile 
was dominated by an interfacial barrier at the crystal- 
solution interface. Subsequent dissolution rate experi- 
ments with model gallstones (compressed pellets of cho- 
lesterol monohydrate crystals) yielded comparable results 
and suggested that cholesterol monohydrate pellets were 
valid model gallstones in studies of cholesterol gallstone 
dissolution kinetics. 


Analyses of biliary lipids in patients showing gallstone 
dissolution during chenodeoxycholic acid treatment (3) 
confirmed that desaturation of bile occurs in most in- 
stances. Preliminary experiments on the in uitro dissolu- 
tion of cholesterol gallstones, as well as cholesterol 
monohydrate pellets in micellar bile acid solutions, showed 
(10, 11) that added lecithin significantly decreased the 
dissolution rate, even though its addition enhanced equi- 
librium cholesterol solubility. A review of the chemical 
composition of human gallbladder bile (12) along with 
these observations suggested that the major determinants 
of the dissolution rate process would be the bile acid type 
and its concentration, the bile acid-lecithin molar ratio, 
and the electrolytes and their concentrations. This paper 
reports a systematic study of the effects of these factors on 
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the kinetics of cholesterol monohydrate dissolution in vitro 
in simulated bile. 


THEORETICAL 


A physical model approach was utilized (9). The physical model pro- 
vides a semiquantitative treatment of the kinetic data that should help 
identify possible rate-limiting situations and establish reasonable cor- 
relations between clinical and in uitro results. 


Dissolution of a nonionic, inert solid involves ( a )  the contact of the 
solvent with the solid surface where ( b )  an interaction occurs, followed 
by ( c )  the disengagement of the solute molecule and its transport away 
from the interface into the bulk solution. Usually step a occurs instan- 
taneously, and steps b and/or c are generally considered to be rate de- 
termining. The following equation was derived by Berthoud (13) to ac- 
count for both the interfacial resistance and the diffusional resistance 
across the Nernst diffusion layer in a dissolution process: 


(Eq. 1) 


where: 


J = dissolution rate 
A = surface area of dissolving solid exposed to solution 


C, = concentration of solute in solution at  saturation 
C b  = concentration of solute in the bulk (under sink conditions, 


C b  = 0)  
R = total resistance to dissolution 
D = diffusion coefficient of solute in solution 
h = Nernst diffusion layer thickness 
P = effective permeability coefficient of the interfacial barrier 


When interactions at the surface occur rapidly, 1/P becomes negligible, 
Eq. 1 reduces to the Nernst equation (14): 


and the dissolution process becomes diffusion controlled. If surface in- 
teractions take place slowly, 1/P becomes much greater than h/D, in 
which case: 


J = AP(C, - c b )  (Eq. 3) 


and the dissolution process becomes interfacial barrier controlled. 
Both the Berthoud and the Nernst theories represent only semiem- 


pirical treatments of the dissolution process and assume a purely dif- 
fusional resistance, h/D, for the transfer of solid across the diffusion layer. 
However, in most dissolution situations, both convection and diffusion 
are expected to be important. Thus, for example, in the rotating-disk 
dissolution situation (15), it can be shown by the Levich treatment (16) 
that there may be a substantial contribution to mass transfer by con- 
vection, and the dissolution rate is given by: 


where u is the kinematic viscosity of the solvent, and w is the angular 
velocity of rotation. The corresponding effective diffusion layer thickness 
may be written as: 


h = 1.612D1/3&'3w-1/2 (Eq. 5) 


In previous studies (17,18), both Eqs. 1 and 4 were employed to analyze 
the experimental data on cholesterol monohydrate pellet dissolution in 
bile acid-lecithin solutions. With the rotating-disk technique, the rotation 
speed dependence predicted by Eq. 4 and the experimental results gen- 
erally agreed well for a wide range of P values. This study established a 
general method for quantitatively determining the interfacial barrier 
transport coefficient, P, even when UP was comparable to the diffusional 
resistance term. 


EXPERIMENTAL 


Design and Considerations-The semiquantitative static pellet 
dissolution method (11) was chosen over the more quantitative rotat- 
ing-disk method (15) since only one rotation speed is required with the 
static-pellet method. [With the rotating-disk method, dissolution rates 
must be determined at  several rotation speeds to utilize the Levich (16) 
treatment.] The static-disk method required one-tenth the volume of 
the solvent system that would have been required with the rotating-disk 


Table I-Influence of Sodium Chloride Concentration on 
Solubility ( Cs), Dissolution Rate ( J / A ) ,  Total Resistance (R), 
and 1/P of Cholesterol Monohydrate in 116 m M  Bile Acid-32 
m M  Lecithin Solutions Containing 0.01 M Phosphate Buffer a t  
pH 7.4 


Sodium 
Chloride, 


M Parameter I I1 I11 IV 


0 C," 3.37 3.36 2.95 3.15 
(J /A)b  X lo4 0.0584 0.0314 0.168 0.022 
R C  x 10-3 577 1070 176 1419 
(1/PjC X 574.7 1067.7 173.7 1416.7 . .  ~- 


0.10 c; ' ~ 4.07 3.96 3.00 3.34 
f J / A )  X lo4 0.466 0.384 0.274 0.121 
R x 10-3 87.3 103 110 276 
(I/P) x 10-3 85.0 100.1 107.7 273.1 


(JIAI x 104 1.64 1.10 0.685 0.200 
R x 10-3 25.4 39.3 44.8 173 
( l ip )  x 10-3 23.1 37.0 42.5 170.7 


0.25 c, 4.17 4.32 3.07 3.45 


- - 3.20 3.69 
- - 1.61 0.632 
- - 19.9 58.4 


(I/P) x 10-3 - - 17.6 56.1 


0.50 Cs 
(JIA) x 104 
R x 10-3 


a In mg cm-3. * In mg ern+ sec-'. In sec cm-l. 


method. Use of this more rapid method resulted in a great saving of 
chemicals and permitted the rapid, semiquantitative assessment of a large 
number of variables. Despite its semiempirical nature and its limitations, 
the static-pellet method accompanied by the Berthoud treatment is more 
than adequate for the present purposes. 


It was decided to utilize Eq. 1 in the following way with the static-pellet 
method. The parameters J and C, were to be measured in all cases so that 
R could be calculated. To determine P, an h/D value for the static-pellet 
system was estimated that was expected to be applicable to all situations 
involving micellar cholesterol in the bile acid-lecithin solutions to within 
about a factor of two. It was based upon representative diffusivity mea- 
surements in various cholesterol-bile acid-lecithin solutions, an h de- 
termination using a benzoic acid pellet (19), and the assumption that h 
is proportional to D1/3 (18). For most situations in this study, 1/P >> h/D 
or R 2 1/P. Therefore, even though the uncertainty in h/D is large, rather 
accurate P values could be obtained for the cases of interest. 


With regard to the solvent compositions to be used, a review of the 
chemical composition of human gallbladder bile (12) suggested the fol- 
lowing: 


1. The conjugated bile acids, cholyltaurine, cholylglycine, cheno- 
deoxycholyltaurine, and chenodeoxycholylglycine, constitute over 80% 
of the major bile acids in bile, and dissolution kinetics for each bile acid 
should be defined. Since sodium is the major cation in bile, solutions 
should be prepared with the sodium salt. 


2. The bile acid to lecithin molar ratio in bile samples from normal 
subjects and gallstone patients varies over a wide range. Ratios of 2.72, 
3.63, and 5.44 should be adequate for defining the influence of this vari- 
able over the physiological range. 


3. The major inorganic ions in bile are Na+, Ca2+, and C1-. Sodium 
chloride is a 1:l electrolyte with a monovalent cation, and calcium chloride 
represents a typical 2:l electrolyte providing a divalent cation. For sodium 
chloride, concentrations from 0.1 to 0.5 M should adequately cover the 
range; for calcium chloride, 0.025-0.10 M appears reasonable on the basis 
of published data. 


4. The bile acid-lecithin concentration level should be important since 
earlier studies (20) indicated that dissolution in the more dilute duodenal 
bile was much slower than in gallbladder bile. While 116 mM bile acid-32 
mM lecithin represents a reasonable level of bile acid-lecithin concen- 
tration in gallbladder bile, a wider range is assumed for the often diluted 
duodenal bile, namely from 23.2 mM bile acid-6.4 mM lecithin to 46.4 
mM bile acid-12.8 mM lecithin (21). 


5. The pH of the solutions should be maintained at 7.40 using 0.01 M 
sodium phosphate buffer to simulate physiological pH as well as to ensure 
that all bile acids in solution are fully ionized species. The pKa's of all 
bile acids studied are less than 5.0 (22). Exploratory studies already 
showed that a t  pH 1 7.0, both J and C, are constant for each of the four 
bile acids studied. 


Materials-Commercial cholesterol' was recrystallized three times 


' Eastman Kodak Co., Rochester, N.Y. 
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Table 11-Influence of Sodium Chloride Concentration on Solubility (Cs), Dissolution Rate  (JIA),  Total Resistance (R), and 1/P of 
Cholesterol Monohydrate in 46.4 mM Bile Acid-12.8 mM Lecithin Solutions Containing 0.01 M Phosphate Buffer at pH 7.40 


Sodium 
Chloride, 


M Parameter I 11 I11 IV 


0 


0.10 


0.25 


0.50 


CS" 
(J/A)b X lo4 
R C  x 10-3 
( i m c  x 10-3 
CS 
(J/A) X lo4 
R x 10-3 
( l ip )  x 10-3 
c* 
(JfA)  X lo4 
R x 10-3 
(lip) x 10-3 
C S  
(JIA) X lo4 
R x 10-3 
( l i p )  x 10-3 


1.10 1.50 0.784 1.05 
0.00752 0.00859 0.0360 0.00657 


1.27 1.63 0.802 1.12 
0.077 0.0286 0.0382 0.0192 


1.39 2.01 0.832 1.19 
0.243 0.322 0.105 0.0491 


1463 1746 218 1600 
1460.7 1743.7 215.7 1597.7 


165 570 210 584 
162.7 567.7 207.7 581.7 


57.2 50.2 79.2 242 
54.9 47.9 76.9 239.7 _. ~ 


1.56 
0.996 


15.7 
13.4 


1.19 1.30 
0.274 0.0844 


43.4 154 
41.1 151.7 


a In mg cm-3. * In mg cm-2 sec-1. c In sec cm-'. 


from 95% ethanol. Radioactive cholesterol monohydrate was prepared 
by mixing 5 g of the recrystallized cholesterol with 100 pCi of a benzene 
solution of 4-14C-cholestero12 in 400 ml of 959'0 ethanol at 60'. This so- 
lution was filtered while hot, and the filtrate was allowed to stand for 48 
hr at room temperature. Then the cholesterol monohydrate crystals were 
filtered and dried in uacuo for 24 hr. The crystals obtained were stored 
in the dark in a desiccator saturated with water vapor a t  room tempera- 
ture. 


NMR studies quantitatively confirmed the monohydrate nature of the 
crystals. TLC studies indicated the absence of any impurities (23). X-ray 
crystallography3 studies indicated that they were indeed cholesterol 
monohydrate crystals and that they had a lattice system similar to that 
of cholesterol found in human biliary calculi (24). The monohydrate 
crystals will lose their water content readily on exposure to low humidity 
and light. 


The sodium salts of chenodeoxycholyltaurine (I) and chenodeoxy- 
cholylglycine (11) were prepared by the method of Norman (25) with 
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I P a r a f f i n  
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Figure 1-Diagrammatic representation of the static-pellet dissolution 
apparatus. 


2 New England Nuclear Corp., Boston, Mass. 
3 Performed by Dr. C. Nordman, Department of Chemistry, University of 


Michigan, Ann Arbor, Mich. 


certain modifications (26). The sodium salts of cholyltaurine (111) and 
cholylglycine (IV) were prepared using the method of Norman (25) with 
certain modifications4 (27). The purity of these compounds was checked 
and confirmed by TLC using a destructive detection method (28). 


Egg lecithin was prepared from fresh egg yolks and subsequently stored 
according to the method of Singleton et al. (29). Chromatographically 
homogeneous lecithin, mol. wt. 771, was obtained. Monobasic sodium 
phosphate, dibasic sodium phosphate, sodium chloride, and calcium 
chloride5 were analytical grade and were used as received. 


Preparation of Solutions-All bile acid-lecithin solutions were 
prepared as follows. The sodium salt of the bile acid was dissolved in 
sufficient distilled water. The desired electrolyte, sodium chloride or 
calcium chloride, was added to the bile acid solution. For solutions con- 
taining no calcium chloride, 0.01 M sodium phosphate buffer at pH 7.40 
was also added. Lecithin was dissolved separately in sufficient distilled 
water until a homogeneous colloidal suspension was obtained. 


The lecithin suspension was then added to the bile acid-electrolyte 
solution and was diluted to the desired value with distilled water. The 
mixture was then shaken and allowed to stand overnight at 5 O  so that 
complete solubilization of lecithin was obtained. With sodium glyco- 
cholate, complete lecithin solubilization took more than 24 hr. The re- 
sulting clear solutions were then used for both dissolution rate and sol- 
ubility determinations. 


Dissolution Rate  Determination-Pellets of 14C-cholesterol 
monohydrate were prepared by directly compressing 100 mg of the ma- 
terial in a die, 1.27 cm (0.50 in.) i.d., under a force of 1362 kg (3000 lb) 
using a laboratory press6. The exposed surface area of the resulting pellets 
was 1.267 cm2. The pellet was held firmly in a die by covering the bottom 
with melted paraffin. This die was then placed on the bottom of a 
water-jacketed cylinder, with the pellet facing a stirring paddle inserted 
at  the top of the cylinder (Fig. 1). The stirring speed was maintained at  
150 rpm during dissolution by a constant-speed motor7. 


Exactly 10 ml of the dissolution medium preequilibrated at 37O was 
added into the cylinder. Immediately, the first 0.50-ml sample was 
withdrawn using a pipet. Four other samples were taken at  suitable time 
intervals. The 14C-labeled samples were subsequently counted using a 
liquid scintillation counters, and the amount of cholesterol dissolved in 
the solvent was plotted against time. 


Solubility Determination-The solubilities of cholesterol mono- 
hydrate in various solvent media were determined by introducing an 
excess of 14C-cholesterol monohydrate, about 20 mg, into 2 ml of a solvent 
in a test tube. The tube was flushed with nitrogen, capped, and then 
shaken by a wrist-action shakerg in a water bath at  37'. After 4 days, a 
sample was taken and quickly filtered through a glass wool-wrapped, long 
tipped pipet preequilibrated at  37O. Exactly 0.2 ml of the filtrate was then 
assayed for cholesterol using a liquid scintillation counters. 


More samples were taken every 2 days and assayed for cholesterol. The 


4 By A. F. Hofmann. 
5 Matheson, Coleman and Bell, Norwood, Ohio. 
6 Model B. Fred Carver Inc.. Summit. N.J. 
7 Model CA, Hurst, Princeton, Ind. 


9 Burrell Corp.. Pittsburgh, Pa. 
Model LS 200, Beckman Instruments, Fullerton, Calif. 
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Table 111-Influence of Sodium Chloride Concentration on Solubility (Cs), Dissolution Rate (J/A), Total Resistance (R), and 1/P 
of Cholesterol Monohydrate in 23.2 m M  Bile Acid-6.4 m M  Lecithin Solutions Containing 0.01 M Phosphate Buffer at pH 7.40 


IV 
Sodium Chloride, M Parameter I I1 I11 


0.25 c s  Q 0.952 0.864 0.664 0.814 
(JIA) X lo4 0.0769 0.082 0.0342 0.0130 
R C  x 10-3 123.8 105.2 194 626 
( i l w  x 10-3 121.5 102.9 191.7 623.7 


(JIA) x 104 0.343 0.411 0.0872 0.0565 
R x 10-3 30.0 24.2 100 173 
( 1 ~ )  x 10-3 27.7 21.9 97.7 170.7 


0.50 c s  1.03 0.993 0.872 0.976 


0 In mg cm-3. b In mg ern+ sec-1. c In sec cm-1. 


solubility of cholesterol monohydrate in the medium was obtained when 
the concentration reached a constant level. 


RESULTS 


Figure 2 shows typical raw data obtained for the dissolution of cho- 
lesterol monohydrate in two solvent media. The dissolution rates were 
obtained by taking the slopes of the dissolution curves. The duplicate 
sets of data indicate the typical degree of reproducibility obtainable. For 
one solution, a standard deviation of 5% was obtained; for the other so- 
lution, a deviation close to  10% was obtained when the rates were much 
slower. 


Figure 3 shows plots of amounts of cholesterol monohydrate solubilized 
in the same two solvent media (Fig. 2) as a function of time. Multiple 
samples were taken until a constant value for the equilibrium solubility 
was obtained for each solvent. Again, excellent reproducibility was ob- 
tained, with standard deviations of the equilibrium values lying within 
the range of 3-5%. Based on these solubility values, it may be estimated 
that at the end of the dissolution experiments (Fig. 2), the solvents be- 
come, a t  the most, around 15% saturated in cholesterol. Thus, sink con- 
ditions are maintained during dissolution, which justifies the use of the 
initial linear portions of plots of the type presented in Fig. 2 to calculate 
the dissolution rate for sink conditions, i.e., C, >> c b .  


Figures 4-11 and 'Tables I-V summarize all results. The tabulated C, 
and J I A  values represent the average of at least two determinations. The 
value of R was calculated using Eq. 1 and assuming sink conditions, so 
that cb = 0. The R values shown in the tables were calculated from the 
average C, and JlA values. 


As can be seen in Figs. 4-6 and Tables 1-111, an increase in sodium 
chloride concentration resulted in a decrease in R for all four bile acids 
at all three bile acid concentrations. Studies at higher concentrations of 
sodium chloride were not possible for chenodeoxycholyltaurine (I) and 
chenodeoxycholylglycine (11) due to the salting out of the bile acids. For 
all three concentrations of bile acids, the R values of the chenodeoxy- 
cholate conjugates were generally lower than those of their cholate 
counterparts at all sodium chloride concentrations, except in the absence 
of sodium chloride. In general, differences among individual bile acids 
were significant. 


A similar, but by far more remarkable, effect was observed with calcium 
chloride (Table IV). These systems were not buffered with 0.01 M 
phosphate, because calcium would precipitate as phosphates. However, 
the pH of the solutions remained at  around 7.7 f 0.15 during the disso- 
lution rate and solubility determinations. No data were obtained for 11, 
because this conjugate salted out in the presence of only a trace amount 
of calcium chloride. For the other three bile acids, an increase in calcium 
chloride concentration resulted in large reductions in R. At the same 
electrolyte concentrations, the effects of calcium chloride on R were 
greater than those of sodium chloride (Table I), the difference being 
eightfold for cholyltaurine (111) and 35-fold for cholylglycine (IV) on a 
concentration basis. Compound I precipitated out at higher calcium 
chloride concentrations. 


In Figs. 7-10, R was plotted as a function of the bile acid-lecithin 
concentration at various sodium chloride concentrations for the four bile 
acids. In all cases, a smaller R was obtained at a higher bile acid-lecithin 


HOURS 
Figure 2-Dissolution of cholesterol monohydrate at 37O in two solvent 
media. Key: 0, 0, in 116 mM cholyltaurine, 32 mM lecithin, 0.50 M 
sodium chloride, and 0.01 M phosphate buffer, pH 7.4; and *, *, in 46.4 
mM cholyltaurine, 12.8 mM lecithin, 0.50 M sodium chloride, and 0.01 
M phosphate buffer, pH 7.4. 


I I 1 I 
4 8 12 16 


DAYS 


Figure 3-Solubility of cholesterol monohydrate at 37' in two solvent 
media. Key: *, 0, in 116 mM cholyltaurine, 32 mM lecithin, 0.50 M 
sodium chloride, and 0.01 M phosphate buffer, pH 7.4; and 0, 0, in 46.4 
mM cholyltaurine, 12.8 mM lecithin, 0.50 M sodium chloride, and 0.01 
M phosphate buffer, pH 7.4. 
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Table IV-Influence of Calcium Chloride Concentration on Solubility (C& Dissolution Rate ( J / A ) ,  Total Resistance (R), and l/P 
of Cholesterol Monohvdrate in 116 mM Bile Acid-32 m M  Lecithin Solutions 


Calcium Chloride, Cs I (J/A) x 104, R x 10-3, (UP) x 10-3, 
Bile Acid M mg/cm3 mg/cm2 sec sec/cm secicm 


I 


111 


IV 


0.0250 
0.050 
0.050 
0.10 
0.050 
0.10 


4.04 
4.35 
3.34 
3.78 
3.69 
4.14 


2.56 
5.37 
1.64 
2.76 
3.27 
5.30 


15.8 


20.4 
13.7 
11.3 


8.10 


7.81 


13.5 


18.1 
11.4 
9.0 
5.51 


5.80 


concentration. Again, the differences among bile acids were pro- 
nounced. 


Figure 11 indicates that as the bile acid-lecithin molar ratio was in- 
creased from 2.72 to 5.44 with the lecithin concentration kept constant 
at 32 mM, a gradual reduction of R was obtained. Striking differences 
were again observed among bile acids. Extremely large R values were 
observed for I11 and IV at  0.25 M sodium chloride a t  the lowest bile 
acid-lecithin ratio of 2.72. 


DISCUSSION 


Surface-Controlled versus Diffusion-Controlled Kinetics-An 
evaluation of the magnitude of h/D (Eq. 1) permits the assessment of the 
relative importance of the two resistances involved in cholesterol disso- 
lution kinetics. Representative cholesterol diffusivity determinations 
were carried out (18) over the range of conditions reported in the present 
study, and the D values were generally in the range of 1.0-1.5 X 
cm2/sec. These values were in good agreement with those recently re- 
ported by Sehlin et al. (30) for similar situations. An h value of 62 pm was 
determined for the present system with benzoic acid as a reference 
compound (19). Then, by assuming the relationship of: 


2 = (2) 1’3 
(Eq. 6) 


and using an average D value of 1.25 X cm2/sec for micellar choles- 
terol and D = 14.0 X 10-6 cm2/sec for benzoic acid (II), the effective h 
for the cholesterol-micelle system was found to be 28.2 pm. Hence, an 


SODIUM CHLORIDE, M 
Figure 4-Effect of sodium chloride on  R in  116 m M  bile acid, 32 m M  
lecithin, and 0.01 M phosphate buffer, p H  7.4, at 37’. Key: 0, I ;  Sr ,  II; 
Q, III; and O ,  IV. 


hlD value for the cholesterol-bile acid-lecithin system of 2.3 X lo3 sec/cm 
may be estimated. 


Thus, for most conditions (Tables I-V), h/D << 1/P. This finding un- 
derscores the earlier suggestion (9-11) that the interfacial barrier may 
indeed be the dominant rate-determining factor in cholesterol gallstone 
and cholesterol monohydrate dissolution. 


The results of this study and similar investigations using human gall- 
bladder bile (20) have great bearing on the issue of whether cholesterol 
gallstone dissolution rate accelerators have d place in  uioo. Recent clinical 
studies (1-4) showed that cholesterol gallstones may be dissolved by the 
oral administration of chenodeoxycholic acid. In most instances, however, 
the treatment times were long, often extending beyond 12 months and 
sometimes to 36 months. 


It was suggested earlier (g-ll), on the basis of limited studies, that the 
dissolution of cholesterol gallstones may be controlled by an interfacial 
barrier rather than by a diffusion-convection barrier and, therefore, offers 
a very attractive “handle” in seeking out potential agents that may act 
as dissolution rate accelerators. It had been apparent for some time (31) 
that, if stone dissolution was primarily diffusion-convection controlled, 
a purely medical approach involving the use of an agent coadministered 
with chenodeoxycholic acid would not be promising. Since bile itself is 
such an efficient solubilizing agent, increases in dissolution rates based 
upon a solubility-enhancing principle were expected to offer a t  best 
around 50% increases under the most favorable conditions. 


t 
164 


0.4 0.5 
SOD1 UM CHLORIDE, M 


Figure 5-Effect of sodium chloride on R in 46.4 mM bile acid, 12.8 mM 
lecithin, and 0.01 M phosphate buffer, p H  7.4, at 37’. Key: 0, I; *, II; 
Q, III; and 0, IV. 
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Figure 6-Effect of sodium chloride on R in 23.2 rnM bile acid, 6.4 mM 
lecithin, and 0.01 M phosphate buffer, pH 7.4, at 37'. Key: 0, I ;  *, I I ;  *, I l l ;  and 0, IV. 


The interfacial barrier and dissolution rate acceleration concepts based 
upon this premise were subsequently tested in a series of limited in uitro 
studies (10, l l )  in which sodium cholate-lecithin and sodium taurocho- 
late-lecithin were employed as synthetic biles. Under the prevailing in 
vitro hydrodynamic conditions, interfacial resistances up to around 20-50 
times larger than diffusion-convection mass transfer resistances were 


I * 


I \*-* 
a -0- 


,n 0 
20 40 60 80 100 120 0 


BILE ACID,mM 


Figure 7-Effect of I concentration on R at various sodium chloride 
concentrations with the bile acid-lecithin molar ratio kept constant at 
3.63. Key: Q, no sodium chloride; Ir, 0.10 M sodium chloride; 0 ,0 .25  
M sodium chloride; and 0,0.50 M sodium chloride. 


Table V-Influence of Bile Acid Concentration on Solubility 
(Cs), Dissolution Rate (J /A) ,  Total Resistance (R), and 1/P of 
Cholesterol Monohydrate in  Solutions Containing 32 mM 
Lecithin, 0.25 M Sodium Chloride, and 0.01 M Phosphate Buffer 
at pH 7.40 


Bile Acid-Lecithin Molar 
Ratio 


Bile Acid Parameter 2.72 3.63 5.44 


I cs " 3.68 4.17 4.51 
( J I A ) ~  x 104 0.99 1.64 3.13 
R C  x 10-3 37.2 25.4 14.4 
( I IPP x 10-3 34.9 23.1 12.1 


I1 CS 3.71 4.32 4.80 
(JIA) x 104 0.548 1.10 2.74 


67.7 39.3 17.5 (im x 10-3 65.4 37.0 15.2 
R x 10-3 


~. 


I11 CS' ' 2.82 3.07 3.90 
(JIA) x 104 0.182 0.685 1.93 
1 


IV 


i x 10-3 155 44.8 20.2 
(11~) x 10-3 152.7 42.5 17.9 
C ,  3.32 3.45 3.84 
(JIA) X 104 0.0520 0.200 0.730 
R x 10-3 638 173 52.6 
W P )  x 10-3 635.7 170.7 50.3 


0 In mg cm-3. * In mg cm-* sec-I. c In sec cm-1. 


present. Furthermore, a large number of compounds (32) were found to 
be effective dissolution accelerators and, in some cases, yielded dissolu- 
tion rate increases up to 20-50 times the control rates. 


The major unsolved problem is the lack of understanding of the nature 
of the flow of bile in the human gallbladder. To relate past and present 
studies meaningfully to the question of whether the interfacial barrier 
can be clinically important requires an estimate of the time average value 
for h, in viuo, or an alternative estimate of the time average diffusion- 
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Figure 8-Effect of II concentration on R a t  various sodium chloride 
concentrations with the bile acid-lecithin molar ratio kept constant at 
3.63. Key: Sr,  no sodium chloride; Ir, 0.10 M sodium chloride; and 0, 
0.25 M sodium chloride. 
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Figure 9-Effect of III concentration on R a t  various sodium chloride 
concentrations with the bile acid-lecithin molar ratio kept constant a t  
3.63. Key: *, no sodium chloride; *, 0.10 M sodium chloride; 0, 0.25 
M sodium chloride; and D, 0.50 M sodium chloride. 


Convection mass transfer coefficient as suggested, for exampb, by Tao 
et al. (31). The problem is difficult because of the irregularity of bile flow 
rates and general gallbladder dynamics. 


Based upon what is generally considered to be the range of h values 
for natural (free) convection and/or slow bile flow, however, an estimate 
for the time average h may be proposed (9,18,33,34). Previously (9,18), 
an h value of around 200 pm was suggested as a reasonable upper limit, 
i.e., for slow bile flow and/or free convection. Subsequently, Tao et al. 
(31), arguing that slow bile flow should result primarily from free con- 
vection, gave an estimate of the range for the mass transfer coefficient, 
K, for cholesterol stone dissolution in bile. Figure 3 of Ref. 31 shows that 
this range is 0 I K = 1.5 X lo-* cm/sec. Since: 


D K = -  
h (Eq. 7) 


1C 


1 2  


E P 
$1 


r e  
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X 
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$ 


BILE ACID, m M  


Figure 10-Effect of IV concentration on R a t  various sodium chloride 
concentrations with the bile acid-lecithin ratio kept constant a t  3.63. 
Key: 4, no sodium chloride; *, 0.10 M sodium chloride; 0,0.25 M so- 
dium chloride; and 0,0.50 M sodium chloride. 
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Figure 11-Effect of bile acid-lecithin molar ratio on R for various bile 
acids in the presence of 0.25 M sodium chloride and 0.01 M phosphate 
buffer at pH 7.4 with the lecithin concentration kept constant at 32 rnM. 
Key: 0, IV; *, III; *, II; and 0, I. 


when Eq. 2 is considered, with D = 1.8 X 120 pm, 
therefore giving an independent assessment of what might be a reasonable 
range for h in viuo. Thus, an h value of around 200 wm should be a rea- 
sonable (or, a t  least, a reasonably liberal) estimate of the effective dif- 
fusion-convection barrier. This value would approximately correspond 
to the midpoint of the range for slow flow suggested by Tao et al. (31). 


At this point, it is instructive to compare the proposed (h/D)i, u j u o  = 
1.6 X 104 sec/cm value (for h = 200 pm and D = 1.25 X cm2/sec) with 
the 1/P values given in Tables I-V. While in some cases the values are 
comparable, 1/P >> (h/D)i,, "iu0 in many instances. Several aspects in this 
connection are noteworthy. 


First, even at  0.10-0.25 M NaCl levels, which may be considered to be 
physiological, the 1/P values for the bile acid-lecithin ratio of 3.63 are 
two to 40 times larger than the diffusion-convection resistance estimate 
of 1.6 X 104 sec/cm (Tables 1-111). This indicates the probable dominance 
of the interfacial resistance over the diffusion-convection resistance in 
uiuo ipcertain situations. 


The second noteworthy aspect is the situation involving the bile 
acid-lecithin ratio. At  the high bile acid-lecithin ratio of 5.44, the inter- 
facial resistance may only be comparable to the diffusion-convection 
resistance in the case of I and I1 and moderately larger for I11 and IV. 
However, a t  the bile acid-lecithin ratio of 2.72, the results indicate that 
the interfacial resistance may become the strongly dominating resistance 
in bile with 1/P values as high as 6 X lo5 sec/cm. Apropos to this point 
are the recent experiments (20) employing human gallbladder bile taken 
from patients during surgery, where values for 1/P of around 3 x lo5 
seclcm were found with bile from two patients having bile acid-lecithin 
ratios of 2.3 and 2.9. This result corresponds to a dominance of the in- 
terfacial resistance over the diffusion-convection resistance by a factor 
of 20. These very large 1/P values, which are believed to be clinically 
significant, may be contrasted with the smaller values (2.5-5 X lo4) found 
(20) with several specimens for which the bile acid-lecithin ratios were 
high-viz., 53.6. When it is noted that about 30% of the 20 human bile 
samples investigated thus far in these laboratories showed bile acid- 
lecithin ratios ~ 2 . 7 ,  one may infer that the interfacial resistance may be 
a substantial rate-determining factor in cholesterol stone dissolution in 
a large fraction of the population undergoing chenodeoxycholic acid 
treatmentlo. 


cm2/sec, Q) 5 h 


10 Data on bile acid-lecithin ratios taken from published reports (35-37) were 
also considered. Analyses made of 66 human bile samples revealed that about 19 
had bile acid-lecithin ratios 2 2.7, in good agreement with the present results. 
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Dissolution Rates of Model Gallstones in Human and 
Animal Biles and Importance of Interfacial Resistance 


A. M. MOLOKHIA *. A. F. HOFMANN *. W. I. HIGUCHI *x. 
M. TUCHINDA *, K: FELD *, S. PRAKONGPAN *, and 
R. G. DANZINGERS 


Abstract Cholesterol monohydrate dissolution kinetics in human 
gallbladder bile were studied to determine the magnitudes of the in vitro 
dissolution rates, the rate resistances in human gallbladder bile, and the 
extent that the interfacial resistance is the rate-determining factor. 
Dissolution rate studies also were conducted using human duodenal bile 
and animal bile for comparison. The dissolution rate resistance, R, ranged 
from lo4 sec/cm for chicken bile to 104-106 sec/cm for human bile. In- 
terfacial resistance was the rate-determining factor for essentially all 
results. Where chemical composition data were obtained, the R values 
for the human bile samples were consistent with predictions made from 
the simulated bile studies. In two human gallbladder specimens having 
low bile acid-lecithin molar ratios (i.e., 2.9 and 2.3), very high R values 
of 1.9 X lo5 and 4.1 X lo5 sec/cm were found. These values were in good 
agreement with the findings in the simulated bile studies and suggest that 


Chenodeoxycholic acid is an effective agent for choles- 
terol gallstone dissolution in humans (l), but relatively 
lengthy treatment times are necessary. In a recent evalu- 


stone dissolution in patients with low bile acid-lecithin ratios may pro- 
ceed very slowly, even when the bile is highly undersaturated with respect 
to cholesterol. 


Keyphrases 0 Cholesterol monohydrate-pellets, dissolution kinetics 
in human, animal, and simulated bile, effect of interfacial resistance CI 
Dissolution-kinetics, cholesterol monohydrate pellets in human, animal, 
and simulated bile, effect of interfacial resistance Gallstones, model- 
cholesterol monohydrate pellets, dissolution kinetics in human, animal, 
and simulated bile, effect of interfacial resistance Biles, various- 
dissolution kinetics of cholesterol monohydrate pellets in human, animal, 
and simulated bile, effect of interfacial resistance Steroidscholesterol 
monohydrate pellets, dissolution kinetics in human, animal, and simu- 
lated bile, effect of interfacial resistance 


ation of 243 patients (l), treatment times of 8-24 months 
were required to obtain complete gallstone dissolution. 
Consequently, recent investigations (2-8) have been di- 
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A NEW K I N D  OF “DRUG LAG” 
Much has been said and written about the purported “drug lag” in the 


United States. Although we are certain that most of our readers are quite 
familiar with this issue, for the sake of those who are not, a brief description 
would be in order. 


Basically, the present drug laws in this country require a demonstration 
of both safety and effectiveness before the marketing of a new drug is 
permitted. Moreover, the implementing regulations spell out in more 
precise terms and in greater detail the types of testing and test data that 
must be compiled in support of the claims made in the application sub- 
mitted for approval. For example, controlled, double-blind clinical studies 
generally are considered essential in the effort to document the effec- 
tiveness claimed for a new drug. 


The documentation required, both in a qualitative and a quantitative 
sense, coupled with the administrative procedures utilized generally results 
in new drugs appearing on the U.S. market a t  a later date than in most 
countries abroad. Depending upon the interests and politics of the person 
commenting, this situation is depicted as ranging from a very serious 
problem in which desperate patients are denied lifesaving therapy for years 
on end, to a blessing in which the public is guarded and shielded from in- 
adequately tested, dangerous agents that are promiscuously marketed in 
other countries. 


The drugs involved are new chemical entities which are patentable and, 
therefore, the firm submitting the New Drug Application would retain 
exclusive property rights-except, of course, for possible licensing and 
royalty agreements-to that agent for the life of the patent. Hence, there 
is a strong profit motive which greatly encourages the interested company 
to actively pursue its efforts toward obtaining government approval for 
marketing the new drug discovery. 


Indeed, various allegations have been made that certain firms and cer- 
tain drug industry representatives have pursued this objective too vigor- 
ously to the point of bringing improper pressures to bear upon the gov- 
ernment agency’s medical scientists in a zealous effort to win such approval 
for their new drugs. 


The purpose of this editorial, however, is not to enter this familiar “drug 
lag” controversy. Rather, it is to call attention to the neglected compounds 
that have great potential as useful drugs, but which are shunned by drug 
companies simply because they are unpatentable. For all its benefits and 
advantages, the free enterprise and patent system discourages private 
industry from investigating the potential therapeutic value of such un- 
patentable compounds. 


Consequently, a “research lag” exists because research and development 
relating to these compounds-which happen to be in this category of 
known compounds or naturally occurring substances-simply are not 
conducted. A rather dramatic illustration is the drug lithium carbonate. 
The value of lithium in treating manic-depression was suggested many 
years ago; indeed, reports of its effectiveness appeared in the late 1940’s. 
However, as recent as 1965, no commercial firm wai sufficiently interested 
in pursuing these leads because lithium and its common salts are naturally 
occurring substances which are not patentable. 


Eventually, we understand that the American College of Neuropsy- 
chopharmacology, in a move that would have been without precedent, 
seriously considered submitting a New Drug Application in its own name 
in order to win government approval for the agent as a drug. What abruptly 
changed this situation and prompted industry interest in the mid-1960’s 
was a recognition that the clinical usefulness of lithium is dependent upon 
its formulation as a slow-release dosage form and that such timed-release 
products are patentable. 


We are not suggesting that the drug industry was negligent or derelict 
in failing to devote research dollars to study lithium or any other such 
unprofitable entity. But we are suggesting that a void exists in our present 
system, which results in potentially useful drugs being neglected. 


Various possible remedies are available to fill this research gap, including 
private foundations, academic institutions, and various public facilities 
such as hospitals operated by the Public Health Service or Veterans Ad- 
ministration. However, it would appear that the most logical central facility 
to assume this role is the National Institutes of Health and, specifically, 
the National Institute of General Medical Sciences. Moreover, it strikes 
us that federal research dollars-which often are spent in such question- 
able pursuits as to merit U.S. Senator William Proxmire’s celebrated 
“Golden Fleece Award”-would be well utilized if expended for this pur- 
pose. -EGF 








Effect of Sorbitol on Interaction of 
Phenolic Preservatives with Polysorbate 80 


JAMES BLANCHARD x, WILLIAM T. FINK, and 
JAMES P. DUFFY 


Abstract The effect of sorbitol on the binding of several commonly 
used phenolic preservatives (k, p -  hydroxybenzoic acid, methylparaben, 
ethylparaben, and propylparaben) with the nonionic surfactant poly- 
sorbate 80 was investigated using an equilibrium dialysis technique. The 
binding data were expressed in the form of Scatchard plots utilizing a 
modified form of the Scatchard equation. The data analysis indicated 
that all four phenolic preservatives were bound to two distinct loci within 
the polysorbate micelle; one exhibited a high affinity and a low capacity 
for the preservative molecules, while the other appeared to have a near- 
zero affinity but an almost infinite binding capacity. The high affinity 
site was assumed to be located near the junction of the hydrocarbon core 
with the polyoxyethylene region of the micelle. The interaction of the 
preservatives with the second class of sites apparently involved a non- 
specific and nonsaturable partitioning of the preservative molecules into 
the polyoxyethylene region of the micelle. Sorbitol was ineffective in 
displacing significant amounts of bound preservative from either binding 
site, presumably because it was too polar to partition into the micelle 
sufficiently to displace bound preservative. 


Keyphrases Sorbitol-effect on binding of various phenolic preser- 
vatives to polysorbate 80 0 Binding-various phenolic preservatives to 
polysorbate 80, effect of sorbitol Polyols-sorbitol, effect on binding 
of various phenolic preservatives to polysorbate 80 0 Polysorbate 
80-binding to various phenolic preservatives, effect of sorbitol 0 
Preservatives, phenolic-p-hydroxybenzoic acid, methylparaben, eth- 
ylparaben, and propylparaben, bindidg to polysorbate 80, effect of sor- 
bitol Surfactants, nonionic-polysorbate 80, binding to various phe- 
nolic preservatives, effect of sorbitol 


The interference of nonionic surfactants with the pre- 
servative activity of parabens was first reported in 1950 by 
Bolle and Mirimanoff (1). Since that time, several reports 
confirmed their observations (2-4). It is now generally 
acknowledged that many preservatives commonly used in 
pharmaceutical formulations undergo similar complexa- 
tion reactions and resultant inactivation. 


This complexation may be inhibited by certain biolog- 
ically inactive molecules such as the polyols (5-8). Some 
polyols, such as sorbitol, are not only compatible with 
many ingredients common to pharmaceutical formulations 
but are widely used for their humectant, solubilizing, 
stabilizing, and anti-cap-lock properties. Thus, a system- 
atic study of the ability of such agents to inhibit the com- 
plexation of preservatives by nonionic surfactants seems 
highly desirable. 


In this study, a model system consisting of polysorbate 
80, sorbitol, and several phenolic preservatives was utilized 
to determine the ability of sorbitol to activate complexed 
paraben molecules. 


EXPERIMENTAL 


Reagents-The following reagents were used: methylparaben' (I), mp 
130"; ethylparabed (II), mp 117"; propylparaben3 (111), mp 96-97"; 
p-hydroxybenzoic acid4 (IV), mp 214-215'; polysorbate SO5; and crys- 


Lot L49260, Ruger Chemical Co., Irvington, NJ 10533. 
Eastman Organic Chemicals, Rochester, NY 14650. 
Lot (2708922, Ruger Chemical Co., Irvington, NJ 10533. 
Lot 750543, Calbiochem, La Jolla, CA 92037. 
Lot 1546, ICI America Inc., Atlas Chemicals Division, Wilmington, DE 
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M i n e  sorbito16. Compounds I-IV were recrystallized from distilled water 
(9,lO) and dried in a desiccator for at  least 48 hr prior to use. Polysorbate 
80 and sorbitol were used without further purification. All solutions were 
prepared using double-distilled water from an all-glass apparatus. 


Procedures-The dialysis procedures and equipment were similar 
t o  those of Pate1 and Foss (11). Commercially available7 acrylic plastic 
dialysis cells were employed. Nylon8 membranes, previously washed for 
1 hr in distilled water heated to 80" to remove any contaminants, proved 
to be satisfactory. These membranes previously were shown to be im- 
permeable to the polysorbate yet permeable to the parabens, thereby 
allowing equilibration of the latter (2,12). 


After the cells were assembled, 5 ml of distilled water was added to one 
cell compartment (the aqueous compartment) and 5 ml of a mixture of 
varying volume ratios of preservative in 10% (w/v) polysorbate 80 and 
10% (w/v) polysorbate 80 was added to the other cell compartment (the 
surfactant compartment). This procedure was employed to vary the 
amount of preservative present in the surfactant compartment while 
maintaining the polysorbate concentration a t  10% (w/v). The cells were 
then placed on a water bath shakerg and agitated at 120 oscillations/min 
for 20 hr a t  30" to achieve equilibrium. Preservative samples were re- 
moved from both sides of the membrane and assayed spectrophoto- 
metrically at 255 nm (2, 11, 13). 


Sorbitol was added as a possible competitor to the preservative in 1096 
(w/v) polysorbate 80 solution so that the molar ratio of sorbitol to paraben 
was constant in any aliquot. The assay procedure was identical to those 
in the experiments involving no competitor, since neither polysorbate 
80 (2) nor sorbitol interfered with the assay of the preservatives. 


RESULTS AND DISCUSSION 


Binding phenomena in undersaturated systems, such as those utilized 
here, can be considered to obey the law of mass action (14). For a mac- 
romolecule with R independent and equivalent binding sites, each having 
an association constant K ,  the following expression may be written: 


(Eq. 1) 


where r is the number of moles of preservative bound per mole of sur- 
factant; [DM] and [D]  are the concentrations of bound and free (un- 
bound) paraben, respectively; and [Mt ] is the concentration of macro- 
molecule (surfactant). Theoretically, [Mt]  should be the concentration 
of micelles, R the number of binding sites per micelle, and K the associ- 
ation constant for the reaction with the micelles, since the binding in- 
teraction reportedly occurs between the preservative and the surfactant 
micelles rather than the monomer surfactant molecules (12, 15). From 
a practical standpoint, however, i t  is more convenient to express K ,  n, 
and M I  in terms of the surfactant concentration, since the micellar mo- 
lecular weight is not precisely known. Since the critical micelle concen- 
tration of polysorbate 80 is very low (15,16), the monomer concentration 
may be neglected (12). In analyzing the data, the molecular weight of 
polysorbate 80 was assumed to  be 1470'O. 


If there are m classes of independent sites with each class i having n, 
sites with an intrinsic association (binding) constant Ki, then Eq. 1 can 
be generalized to: 


6 Lot 7702D, 1CI America Inc., Atlas Chemicals Division, Wilmington, DE 


Model 289, Bel-Art Products, Pequannock, NJ 07440. 
a Capran 77C, 0.6.mil, Allied Chemical Carp., Morristown, NJ 07960. 
9 Model 50, GCARrecision Scientific, Chicago, IL 60647. 
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lo Dr. Paul Becher, ICI America Inc., Wilmington, DE 19897, June 1976, personal 
communication. 
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Table I-Binding Parameters for the Interaction of Various Preservatives with Polysorbate 80 a t  30” in the Presence of Varying 
Concentrations of Sorbitol 


nl, Ki, C, 
Preservative Competitor” Sites/Molecule liters/mole x 10-3 literdmole Poctanol-water 


p-Hydroxybenzoic acid None 0.074 f 0.036b 3.01 f 0.271 69.8 f 6.3 38.02 


Methylparaben None 0.098 f 0.050 2.64 f 0.326 84.0 f 15.1 91.2 


Ethylparaben None 0.044 f 0.01 1 45.39 f 1.10 204.2 i 38.1 295.1 


Propylparaben None 0.087 f 0.016 123.5 f 11.5 445.6 f 39.7 1096.5 


Sorbitol (1:l) 0.078 f 0.031 3.06 f 0.264 74.4 f 5.2 


Sorbitol (1:l) 0.123 f 0.040 2.69 f 0.205 72.9 f 8.3 


Sorbitol (501) 0.044 f 0.021 44.30 f 2.49 179.3 f 52.8 


Sorbitol(5:ll 0.107 f 0.015 97.01 f 5.25 468.0 f 38.8 


a Molar ratio of competitor to preservative shown in parentheses. All parameter uncertainties are expressed as standard deviations 


A Scatchard (17) plot results when r / [ D ]  versus r is plotted. By rear- 
ranging Eq. 1, it can be seen that such a plot should be linear with a slope 
of -K and ordinate and abscissa intercepts of nK and n, respectively, 
when only one class of binding sites is present. 


This simplest of binding models is referred to as the “two-parameter 
model” (18) since only two parameters, n and K, need to be determined 
to describe the binding process adequately. However, as noted previously 
(9,12,19), Scatchard plots frequently exhibit curvature indicative of the 
presence of more than one class of binding sites. To describe these more 
complex binding processes, Eq. 2 may be rewritten as: 


when one association constant becomes very small. The second term on 
the right-hand side of Eq. 3 is, therefore, indicative of a class of binding 
sites that possesses an “infinite” (nonsaturable) binding capacity but 
“zero” affinity, thereby producing a horizontal asymptote on the Scat- 
chard plot. 


In analyzing these more complex interactions, the binding data are 
fitted to a three-, four-, or five-parameter model (18,20-22). The four- 
parameter model merely corresponds to a value of m = 2 in Eq. 2, whereas 
the three- and five-parameter models correspond to values of m = 2 and 
3, respectively, in Eq. 3. In a five-parameter model, the parameters are 
nl, n2, K1, Kz, and C, where C = n,K,. 


The four-parameter model has been most commonly used to describe 
binding data in which a nonlinear (curved) Scatchard plot was observed. 
However, in many cases i t  appears to have been used inappropriately. 
Scatchard plots exhibiting a horizontal asymptote (i.e., constant values 
of r / [ D ]  at high values of r )  can best be fitted to a three- or five-parameter 
model, since, without the inclusion of the nmKm [ D ]  term of Eq. 3 to de- 
scribe the horizontal asymptote (i.e., the nonsaturable binding site), many 
parameter fitting programs frequently fail to converge as K2 - 0 and n2 - m (18). 


The selection of the most appropriate model to describe the binding 
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F i r e  1-Influence of sorbitol on the binding of p-hydroxybenzoic acid 
to 10% (w/v) polysorbate 80 at 30°. Key: 0, p-hydroxybenzoic acid 
alone; and 0, p-hydroxybenzoic acid plus sorbitol(1:l). 


data is critical if meaningful estimates of the binding parameters are to 
be obtained and erroneous inferences avoided (23). An attempt was made 
to fit the data in this study to three-, four-, and five-parameter models; 
the data were best described by the three-parameter model, which can 
be written as: 


where C = nzKz. The best-fit values of the parameters (nl, K1, and C )  
were calculated by means of a nonlinear least-squares procedure (24) 
executed on a digital computer”. These values were then used to con- 
struct Scatchard plots for the various binding interactions. 


The Scatchard plots depicted in Figs. 1-4 illustrate the interaction 
between 10% (w/v) polysorbate 80 and IV, I, 11, and 111, respectively, in 
the presence and absence of sorbitol. The binding parameters for the 
interaction of the various preservatives with polysorbate 80 are shown 
in Table I. 


The use of Eq. 4 to fit the binding data seems reasonable in view of the 
NMR data of Corby and Elworthy (13), who postulated that parahens 
were solubilized in both the oxyethylene region and the micellar core of 
the related nonionic surfactant cetomacrogol, which is believed to exhibit 
binding properties similar to those of polysorbate 80 (25). Several other 
investigators observed that the interaction of phenolic preservatives wit,h 
surfactants involves two distinct classes of binding sites (9,12,19), but 
they fitted their data to a four-parameter model in contrast to the 
three-parameter model used here. 


A micelle of polysorbate 80 may be visualized as consisting of a densely 
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Figure 2-Influence of sorbitol on the binding of methylparaben to 10% 
(w/u) polysorbate 80 at  30”. Key: 0, methylparaben alone; and 0, 
methylparaben plus sorbitol (1:l) .  
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Figure 3-Influence of sorbitol on the binding of ethylparaben to 10% 
(wlu) polysorbate 80 at 30'. Key: 0, ethylparaben alone; and 0 ,  eth- 
ylparaben plus sorbitol(50:Z). 


packed central lipid core of hydrophobically bonded oleate chains sur- 
rounded a t  the periphery by a layer of sorbitan moieties from which 
emanate the polar polyoxyethylene chains in the form of apically trun- 
cated spiral cones (13,26). Shimamoto and Ogawa (15),  utilizing NMR 
studies, indicated that preservative molecules may reside in one or more 
of three different loci of a surfactant micelle: ( a )  within the lipid hydro- 
carbon core, ( b )  within the polyoxyethylene network, and ( c )  a t  the 
junction of these two regions. 


The horizontal asymptote (C) observed in the Scatchard plots (Figs. 
1-4) a t  high values of r may be interpreted as being indicative of a weak 
nonspecific (nonsaturable) binding process, analogous to a partitioning 
of the preservative between the micellar and aqueous phases (18, 22). 
Therefore, the value of C may be considered to represent a type of par- 
tition coefficient describing the distribution of the preservative molecule 
between the micellar and aqueous phases. This partitioning phenomenon 
may be envisioned as a process whereby preservative molecules, to lower 
their free energy, migrate from a thermodynamically less stable aqueous 
environment in the bulk phase to a more stable (less polar) micellar phase, 
with the degree of penetration and affinity being proportional to their 
lipophilicity. 


At low r values, the preservative molecules preferentially orient 
themselves in the vicinity of the high affinity-low capacity sites, which 
are believed to be located near the junction. When these sites become 
saturated, the preservative molecules then partition into the somewhat 
more polar but still relatively stable (in relation to the aqueous phase) 
class of high capacity-lower affinity sites, which are believed to be located 
in the polyoxyethylene region of the micelle. A possible explanation for 
the higher affinity of the junction binding sites relative to those in the 
polyoxyethylene region may be that it is possible for a molecule situated 
at  the junction to form bonds with several different structures, i.e., apical 
ethylene oxide units, sorbitan moieties, and the outer surface of the lipid 
core. The capacity of this class of sites is necessarily low because of the 
limited number of these structures. 


The data in Table I indicate that the C values observed for the various 
compounds are in good rank order agreement with their reported (27)  
octanol-water partition coefficients. This finding further substantiates 
that the binding process described by the C term is a type of partitioning 
phenomenon. The rank-order agreement between the C value and the 
degree of lipophilicity of the preservative molecules also substantiates 
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Figure 4-1nfk~ence of sorbitol on the binding of propylparaben to 10% 
(wlu) polysorbate 80 at 3 0 O .  Key: 0, propylparaben alone; and 0,  pro- 
pylparaben plus sorbitol (5:l). 


that the binding sites are less polar than the surrounding aqueous envi- 
ronment. Furthermore, the binding parameters shown in Table I are in 
good inverse rank-order agreement with the relative order in which the 
preservatives are inactivated by the polysorbate, as measured by their 
inability to inhibit microbial growth (28). 


Crooks and Brown (19) studied the interaction between the polar 
chloro and dichloro derivatives of xylenol and methylparaben in a ceto- 
macrogol system. The more polar xylenol derivatives were able to displace 
a portion of the methylparaben from the polyoxyethylene region yet were 
unable to displace it from the postulated more specific, high affinity 
site believed to be located near the junction. These findings seem rea- 
sonable in view of the relative intramicellar polarity and the polarity of 
the competitors involved. In light of these and other findings (5-8), cer- 
tain polar polyols such as sorhitol might be expected to act as competitors 
for bound preservative in a manner similar to chloroxylenol and dichlo- 
roxylenol. 


The binding data shown in Figs. 1 4  and Table I illustrate that sorbitol 
has little influence on the binding of the phenolic preservatives with either 
class of sites; the plots are virtually superimposable, and the binding 
parameters in the presence and absence of sorbitol are in close agreement. 
The sorbitol is probably unable to displace bound phenolic preservatives 
because it is too polar to partition deeply enough into the micellar phase 
to displace significant amounts of the bound preservative. The use of 
other, somewhat less polar molecules that are compatible with various 
pharmaceutical formulations seems to be a worthwhile area for future 
research. 
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Binding of N-Substituted Anthracenecarboxamides to 
Double-Stranded DNA: An Electronic Spectral Study 


STEPHEN G. SCHULMAN x, W. LARRY PAUL *, and ROY J. STURGEON 1 


Abstract The electronic absorption and fluorescence spectra of two 
isomeric anthracenecarboxamides substituted with quaternary alkyl- 
ammonium groups were studied as a function of solvent polarity, solvent 
rigidity, and state of protonation. These relatively simple environmental 
perturbations of the electronic spectra were employed to interpret 
spectral shifts caused by complexation with the bases or base pairs of 
DNA. The exocyclic side chains of the compounds studied have some 
freedom of movement when the spectroscopic probes are bound to dou- 
ble-stranded DNA. 


Keyphrases Anthracenecarboxamides, N-substituted-binding to  
DNA, electronic absorption and fluorescence spectral study Bind- 
ing-N-substituted anthracenecarboxamides to DNA, electronic ab- 
sorption and fluorescence spectral study DNA-binding to N-sub- 
stituted anthracenecarboxamides, electronic absorption and fluorescence 
spectral study 0 Electronic absorption spectrometry-binding of N -  
substituted anthracenecarboxamides to DNA Fluorescence spec- 
trometry-binding of N-substituted anthracenecarboxamides to  DNA 


Many drugs active against microorganisms and neo- 
plasms are polycyclic aromatic or heteroaromatic cations, 
which bind reversibly to the polyanionic nucleic acids in 
uitra and in uiuo (1). Their modes of action are generally 
believed to be related, directly or indirectly, to their ability 
to be bound to DNA, resulting in errors of transcription 
or replication in the affected organism (1). However, the 
process of binding to DNA often entails interactions dif- 
ferent from, and in addition to, the electrostatic interaction 
between ions of opposite charge. 


Various techniques such as low-shear viscometry, ul- 
tracentrifugation, and NMR spectroscopy have yielded 


information indicating that the aromatic portions of the 
drugs can become inserted (intercalated) between base 
pairs of the double helix of DNA. This insertion results in 
a partial unwinding and linear extension of the double 
helix to accommodate the intruding drug molecule (2- 
5 ) .  


Several studies of binding believed to result in interca- 
lation of drug or dye molecules with DNA have been car- 
ried out, with the binding parameters often estimated 
absorptiometrically or fluorometrically. However, little 
has been established concerning the nature of the changes 
in the electronic absorption or fluorescence spectra ofthe 
drug or dye molecules upon such binding. The failure of 
electronic spectroscopy to deliver useful information about 
nucleic acid binding has been due in part to the complex 
structures of the drug and dye molecules involved; the 
environmental perturbations of these spectra are difficult 
to interpret. 


In the present study, the changes in the electronic ab- 
sorption and fluorescence spectra of two cationic, N-sub- 
stituted anthracenecarboxamides occurring upon binding 
to calf thymus DNA were examined. The observed changes 
were compared to the changes occurring in the spectra of 
these compounds upon protonation and as a function of 
solvent rigidity and polarity. 


The compounds studied, N -  (2-anthroyl) -N’,N’-di- 
methyl-N’-[(3 - trimethylammonium) propyllethylenedi- 
amine dibromide (I) and N-(9-anthroyl)-N’,N’-di- 
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Table 111-Linear Regression Analysis of Average Plasma Sulfathiazole Concentration and Excretion Rate  of Unchanged 
Sulfathiazole versus the  Sulfathiazole Concentration in  Various Tissues following Administration of Sulfathiazole, 72 mg/kg iv 


Average Average 
Plasma Excretion Concentration in Tissues, ppm 


Concentration, Rate, Body Omental 
Hours mg/100 ml 96 doselhr Kidney Liver Heart Muscle Fat Fat 


2.0 4.7 
4.0 1.2 
8.0 0.1 


13.4 308 40 34 22 11 6.7 
4.3 55 9.4 9.3 4.9 3.5 1.4 
0.7 2.3 0.7 0.3 0.3 0.3 0.1 


r (between plasma and tissue concentrations) 


r (between excretion rate and tissue concentration) 
1 .ooo 1.000 1.000 0.999 0.998 0.998 


0.990 0.996 0.998 0.995 1 .000 0.992 


fit” constants for averaged data shown in Table 11. In each figure, the 
points are the averaged values from the remaining lambs at each sampling 
time, with 1 SD indicated by error bars. 


Variations in the values of the rate constants due to variations within 
the lamb populations were estimated by fitting the data from each animal 
individually to  the model in Scheme 11. The results obtained from the 
averaged data were used as initial estimates. The values obtained for the 
parameters of Scheme I1 following iterative least-squares fitting to the 
individual animal data are presented in Table 11. The average overall 
elimination rate constant was 0.62 f 0.14 hr-’ (biological half-life of 1.1 
f 0.2 hr) and the average volume of distribution was 0.39 f 0.04 liter/kg. 
These figures compare favorably with the results obtained by fitting 
averaged plasma and urine data and with the results obtained previously 
in sheep (3). 


The observed one-compartment pharmacokinetics in lambs imply that 
the extravascular tissues into which sulfathiazole penetrates are in rapid 
equilibrium with plasma throughout the entire time that the drug is in 
the body. In the present study, the one-compartment nature of sul- 
fathiazole pharmacokinetics beyond 2 hr crin be observed in the experi- 
mentally determined drug concentratiws in representative tissue 
specimens. This result is illustrated in Fig. 3, which shows plasma con- 
centrations of unchanged sulfathiazole calculated using the phar- 
macokinetic model and concentrations of unchanged sulfathiazole in eight 
tissues obtained from the animals at  slaughter. 


According to the proposed model, the drug concentration in each tissue 
should be directly proportional to the plasma concentration and to the 
urinary excretion rate of unchanged sulfathiazole determined at  the same 
time. The correlation coefficients obtained by linear regression of the 
plasma and urine data with the residual concentrations in various tissues 
are shown in Table 111. These excellent correlations demonstrate that 


the plasma concentrations and the urine outputs of sulfathiazole accu- 
rately reflect tissue residues of sulfathiazole in the lamb. Thus, the time 
required for sulfathiazole to reach negligible levels in various tissues that 
might be used as food can be determined by plasma and/or urine analysis 
without slaughtering the animals. 
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Cascarosides A and B 


J. W. FAIRBAIRNX, F. J. EVANS, and J. D. PHILLIPSON 


Abstract 0 Electron-impact and field desorption mass spectrometry, 
together with NMR and circular dichroism spectroscopy, were used to 
confirm that cascarosides A and B are C-10 isomers of 8-O-(P-D-gluco- 
pyranosy1)barbaloin. Several batches of cascarosides A and B were pre- 
pared and oxidatively hydrolyzed to aloe-emodin. The results are dis- 
cussed in relation to the assay for cascara given in the European Phar- 
macopoeia, 1971. 


Keyphrases 0 Cascarosides A and B-electron-impact and field de- 


sorption mass spectrometric and NMR and circular dichroism spectro- 
scopic structural identification 0 Barbaloin derivatives-cascarosides 
A and B, electron-impact and field desorption mass spectrometric and 
NMR and circular dichroism spectroscopic structural identification 
Mass spectrometry, electron impact and field desorption-structural 
identification of cascarosides A and B NMR spectroscopy-structural 
identification of cascarosides A and B o Circular dichroism spectros- 
copy-structural identification of cascarosides A and B 


Cascarosides A and B previously were isolated from 
Rhamnus purshiana DC. bark and shown to contain glu- 
cose and barbaloin (1). Later work proved that cascarosides 
A and B were glucosides of (+I- and (-)-barbaloin, re- 
spectively, although it was suggested that the molecules 


contained additional carbon fragments (2). This suggestion 
was partly based on the fact that the yield of barbaloin and 
aloe-emodin after hydrolysis was significantly less than 
theory for a glucoside of barbaloin. Molecular weight de- 
terminations, mass spectrometry, NMR spectroscopy, and 
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OR Table I-Results of Oxidative Hydrolysis of Several 
Independently Prepared Samples of Cascarosides 


EiF,,, in Water a t  A,, 
Aloe- Corresponding 


Sample 267-269 294-295 323-325 emodin, EiFm for 
Date nm nm nm % Cascaroside 


Cascaroside A 
1965 119 164 140 39.8 127 
1975 115 176 151 38.5 124 
1976 111 173 150 40.7 131 
1976 112 173 151 41.5 133 


Cascaroside B 
1961 114 161 143 40.6 130 
1967 116 169 146 39.3 126 
1975 118 173 149 37.2 119 
1976 107 166 146 39.8 127 


synthesis of glucosides of barbaloin were investigated, but 
it was not possible to confirm the presence of an additional 
component1. 


It was proposed (3,4) that cascarosides A and B are 8- 
monoglucosides of barbaloin and that no further compo- 
nent is present. However, accurate molecular weight de- 
terminations were not obtained because of thermal de- 
composition in electron-impact mass spectrometry and 
because conventional methods gave values of 561 and 533 
for cascarosides A and B, respectively (theoretical for di- 
hydrate, 616). It  was reported (5) that field desorption 
mass spectrometry clearly indicated that cascarosides A 
and B have a molecular weight of 580. On the basis of mass 
spectral and NMR studies, cascaroside A was confirmed 
to be the 8-0-P-D-glucoside of (+)-barbaloin and cascar- 
oside B was reported to be the corresponding diastereo- 
isomer of (-)-barbaloin (5). Independently, Wagner and 
Demuth (6) reached the same conclusion on the basis of 
partial hydrolyses, sugar analyses, and spectral data. 


The present report gives details of spectral data that 
confirm and amplify those already published. In addition, 
several new batches of cascarosides were prepared to 
confirm whether the yield of aloe-emodin previously re- 
ported is correct. This value has been used as the basis of 
an officially recommended colorimetric method for the 
assay of cascara bark and extract (7) and is now incorpo- 
rated in the European Pharmacopoeia, 1971. 


EXPERIMENTAL* 


Isolation of Cascarosides A and B-The method used was previously 
described (l), except that separation of cascarosides A and B was effected 
by paper chromatography rather than by countercurrent methods. The 
bands corresponding to cascarosides A and B on 3-mm papers, after de- 
velopment with ethyl acetate-methanol-water (100:17:13) (8), were 
eluted with methanol, and the eluates were evaporated to dryness. The 
residues were extracted with hot 2-propanol and filtered, and the filtrates 
were allowed to stand in the dark a t  room temperature overnight. The 
microcrystalline precipitates that formed were collected and dried. 


Further yields were obtained by evaporating the supernate and dis- 
solving the residue in 10 volumes of anhydrous methanol (filtering off 
insoluble matter if necessary). Ethyl methyl ketone was added slowly with 
vigorous stirring until the solution became cloudy. After centrifuging, 
a reddish-yellow precipitate formed, which was discarded. 


The process was repeated until the precipitate that formed was bright 


Unpublished observations. 
Mass spectra were obtained on an AEI MS 902 mass spectrometer at 70 ev by 


direct insertion at  180O. NMR spectra were obtained using a Perkin-Elmer 12A 
60-MHz spectrometer with trimethylsilane = 0.00 ppm. Cascara bark of European 
Pharmacopoeia (1971) standard was obtained from W. Ransom and Son Ltd., 
Hitchin, Enaland. 
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yellow. A t  this stage, ethyl methyl ketone-methanol (101) was added. 
The bright-yellow precipitate was allowed to settle and was then filtered 
off. Before becoming dry, it was washed with methanol-petroleum ether 
(bp 40-60’) (1:l) and then petroleum ether and dried in uacuo. 


Cascaroside A (I)-UV data are presented in Table I. Paper chro- 
matography RI values were as previously reported (1). Electron-impact 
mass spectrum: no M+., mle (relative intensity) 256 (loo%), further 
fragmentation similar to that of barbaloin. Field desorption mass spec- 
trum, 17 mamp and 8O0, from methanol: mle 603 (M+- + “a+], loo%), 
620 (M+. + [K+], 5), 605 (M+. + [Na+ + 2],8),604 (M+- + “a+ + 1],18), 
602 (M+ + “a+ - 1],40), and 580 (M+-, 12); from water: mle 674 (M+- 
+ [ (Na+X4) +2],1%),620(40),606(M++ [Na++3],14),605(12),604 
(8), 603 (loo), 602 (9), and 580 (10). Fragment ions consistently present 
in spectra obtained from methanol or from water: mle 442 (M+. + “a+ 
- 161],50?6), 418 (M+- - [162],12), 280 (loo), and 256 (20). NMR (di- 
methyl sulfoxide-ds): 6 3.0-3.50 (glucosyl hydrogens), 4.68 (3H, s, aryl 
CHzO and aryl-CH-aryl), 5.10 (IH, m, H-l’), 6.84 ( lH,  broads, H-2), 7.0 
(1H, broad s, H-4),7.1-7.80 (3H, m, H-5, H-6, and H-7), and 11.89 (lH, 
s, aryl OH) ppm. Circular dichroism spectrum (methanol): 4.39 mg/5 ml, 
Ac +4.6 (355 nm), -8.8 (3161, -2.8 sh (2821, +1.4 sh (258), +4.4 sh (2401, 
+5.0 (234), and -13.2 (211). 


Cascaroside B (I)-UV data are presented in Table I. Paper chro- 
matography Rf values were as previously reported (1). Electron-impact 
mass spectrum: no M+., rnle (relative intensity) 256 (loo%), further 
fragmentation similar to that of barbaloin. Field desorption mass spec- 
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trum, 17 mamp and No, from methanol: m/e 604 (18%), 603 (70), 581 (23), 
580 (M+., 44), 280 (loo), and 256 (100); from water: m/e 605 (8%), 604 (8), 
603 (loo), 580 (18), 442 (80), 280 (75), and 256 (68). NMR (dimethyl 
sulfoxide-ds): 6 3.0-3.8 (glucosyl hydrogens), 4.54 (3H, s, aryl CHzO and 
aryl-CH-aryl), 4.90 (lH, m, H-1'), 6.64-7.6 (5H, m, H-2, H-4, H-5, H-6, 
and H-71, and 12.1 (lH, s, aryl OH) ppm. Circular dichroism spectrum 
(methanol): 2.63 mglml, At -1.8 (368 nm), +1.0 (3241, -1.2 (290), -0.8 
(263), +0.3 (251), -7.0 (2301, and +9.2 (210). 


Cascaroside Acetate (1Ia)-Cascarosides A and B (20 mg of each) 
were dissolved separately in 4 ml of anhydrous pyridin+acetic anhydride 
(21) and allowed to stand in the dark and under nitrogen for 2 days. 
Excess water was added, and the resulting suspension was centrifuged. 
The residues were washed with water, recentrifuged until free from 
pyridine, and dried in U ~ C U O  at 60' for 24 hr. TLC [silica gel GF, l-pro- 
panol-ethyl acetate-water (40:3040)] indicated that the products from 
cascarosides A and B were identical. 


Electron-impact mass spectrum: no M+., m/e (relative intensity) 653 
(M+. - [acetylglucose], 17%), 494 (2), 452 (7), 410 (14), 368 (21), and 331 
(100). Field desorption mass spectrum, 14 mamp, from chloroform: mle 
1042 (M+-, 100%) and 1043 (M+. + [l], 40). NMR (deuterochloroform): 
6 1.82-2.53 (11 x 3H, s, 11 x CH,CO), 5.33 (2H,s, arylCH20), 5.95 (lH, 
broad s, H-l'), and 7.0-8.93 (5H, m, H-2, H-4, H-5, H-6, and H-7) 
PPm. 


Cascaroside Trimethylsilyl Ether (I1 b, R = Trimethylsiiy1)- 
Cascarosides A and B (20 mg of each) were dissolved separately in 2 ml 
of anhydrous pyridine. To each solution were added 0.5 ml of hexa- 
methyldisilazane and 0.5 ml of trimethylchlorosilane. After standing for 
5 min a t  room temperature, the solvents were removed by vacuum dis- 
tillation. The dry residue was extracted with carbon tetrachloride and 
filtered, and the solutions were evaporated to 0.5 ml for NMR spectros- 
COPY. 


The NMR spectra obtained from the trimethylsilyl ethers of cascar- 
osides A and B were identical: 6 3.50 (12H, m, glucosyl hydrogens), 4.35 
(lH, m, H-1'), 5.15 (lH, m, H-1"), 4.66 (2H, s, aryl CHzO), and 6.9-7.5 
(5H, m, H-2, H-4, H-5, H-6, and H-7) ppm. 


Barbaloin (111)-This compound was prepared from commercial 
aloin (9). Electron-impact mass spectrum: mle (relative intensity) 418 
(M+-, 0.5%), 256 (M+- - [162], loo), 238 (M+. - [162 + 18],5), 228 (M+. 
- [162 + 28],7), 210 (M+* - [162 + 28 + 18],4), 197 (M+- - [162 + 28 + 
31],3), 181 (5) ,  and 165 (3). Field desorption mass spectrum, 14 mamp, 
from methanol: m/e 418 (M+-, 100%) and 256 (M+. - [162], 11). NMR 
(dimethyl sulfoxide-ds): 6 2.78-3.50 (6H, m, glucosyl hydrogens), 4.58 
(3H, 3, aryl CHzO and aryl-CH-aryl), 5.1 (lH, m, H-l'), 7.60 (lH, t, H-6), 


and 11.3 and 11.4 (2 X IH, s, aryl OH) ppm. 
Barbaloin Acetate (1Va)-Aloin (5 mg) was converted into the ac- 


etate by the method described under Cascaroside Acetate. TLC [silica 
gel G, 1-propanol-ethyl acetate-water (403040)] showed the presence 
of a single compound. Electron-impact mass spectrum: m/e (relative 
intensity) 754 (M+., 5%), 713 (<5), 694 (<5), 676 (30), 652 (40), 628 (30), 
611 (lo), 568 (12), 550 (6), 508 ( l l ) ,  448 (25), and 331 (100). Field de- 
sorption mass spectrum, 17 mamp, from methanol: m/e 754 (M+., loo%), 
755 (50), 756 (20), 714 (lo), and 715 (10). NMR (carbon tetrachloride): 
6 1.91-2.40 (8 x 3H, s, 8 X CH&O), 5.40 (2H, s, aryl CHzO), 6.00 ( lH,  
broad s, H-l'), and 7.0-8.95 (5H, m, H-2, H-4, H-5, H-6, and H-7) 
PPm. 


Barbaloin Trimethylsilyl Ether (1Vb)-Aloin (20 mg) was con- 
verted into its trimethylsilyl ether by the method described for IIb. NMR 
(carbon tetrachloride): 6 3.23 (6H, m, glucosyl protons), 4.18 (IH, m, 
H-l'), 4.43 (2H, s, aryl CHzO), 6.60 (4H, m, H-2, H-4, H-5, and H-7), and 
7.05 (lH, m, H-6) ppm. 


Aloe-emodin 8-Monoglu~oside~ (Va)-Electron-impact mass 
spectrum: no M+., m/e (relative intensity) 270 (M+* - [glucose], loo%), 
253 (M+* - [17], 6), 241 (M+* - [29], 58), 225 (M+* - [17 + 28],12), 213 
(M+* - [29 + 28],17), 197 (M+*- [17 + 56],7), 185 (M+- - [29 + 56],5), 
139 (24), and 121 (33). Field desorption mass spectrum, 17 mamp, from 
methanol: mle 432 (M+-, loo%), 433 (M+- + [l], 651,455 (M+- + "a+], 
loo), 269 (go), 271 (70), and 270 (75). NMR (dimethyl sulfoxide-ds): 8 
3.40 (6H, m, glucosyl hydrogens), 4.55 (2H, s, aryl CH20), 7.25-7.90 (5H, 
m, H-2, H-4, H-5, H-6, and H-7), and 10.91 (IH, s, aryl OH) ppm. 


Aloe-emodin (V b)-This compound was prepared from barbaloin 
by oxidative hydrolysis using the method described previously (9). 
Electron-impact mass spectrum (280'): mle (relative intensity) 270 (M+., 


7.05 (lH, d, H-5), 6.90 (lH, d, H-7), 7.05 (lH, S, H-4), 6.88 (lH, S, H-2), 


loo%), 253 (M+- - [17], 41,242 (M+* - [28],4), 225 (M+* - 117 + 28],5), 


Supplied by Professor H. Wagner. 


224 (M+- - [18 + 28],6), 213 (M+* - [29 + 28],8), 197 (M+. - [17 + 561, 
3), 185 (21,139 (81, and 121 (12). Metastable peaks corresponding to the 
following transitions were observed, 270 % 253,2702'6,9242,242 187.5 
213, and 242 224. NMR (dimethyl sulfoxide-ds): 6 4.62 (2H, s, aryl 
CHzO), 7.33 (2H, m, H-2 and H-7), and 7.73 (3H, m, H-4, H-5, and H-6) 
PPm. 


Oxidative Hydrolysis of Cascarosides A and B to Aloe-emodin- 
Four separate batches of cascaroside A and four of cascaroside B were 
prepared as described. Their purity was checked by paper chromatog- 
raphy, UV spectrum, melting point, and, mainly, the Ei;m values a t  the 
UV,., (these varied less than the melting point) (1). 


Quantities of 10-20 mg were dried in uacuo over magnesium chlorate 
a t  90-100' for 1 hr to remove moisture and water of crystallization. The 
anhydrous material was dissolved in 50 ml of water, and 10 ml was 
subjected to ferric chloride-hydrochloric acid treatment (10). The aloe- 
emodin produced was measured colorimetrically in 1 N NaOH at 500 nm, 
and the quantity was calculated using the E;:m value of 320. The corre- 
sponding Et!m value for the cascarosides was also calculated (Table I). 


DISCUSSION 


Spectrometry-Electron-impact mass spectrometry can be used for 
the characterization of the aglycone aloe-emodin (Vb) since the M+. ion 
was observed as the base peak at mle 270 and further fragmentation was 
observed by ion peaks at m/e 253, 242, 225, 224, and 213. However, 
electron-impact mass spectrometry of the 0-glycoside aloe-emodin 8- 
glucoside (Va)  resulted in the absence of an M+. ion and a spectrum that 
was similar to that of the aglycone. Electron-impact mass spectrometry 
of the C-glycoside barbaloin (111) showed only a small M+. ion at  m/e 418 
(0.5%), and the base peak was observed at mle 256. Further fragmentation 
occurred by loss of 16,28, or 29 mass units progressively from the M+. 
ion, similarly to that of aloe-emodin and other anthraquinones. 


Furthermore, electron-impact mass spectrometry did not result in the 
presence of an M+. ion for either cascaroside A or B, the highest mass ion 
fragment again occurring at  m/e 256 due to the loss of both sugar units 
from the molecule. Electron-impact mass spectrometry of the acetate, 
which is common to cascarosides A and B, also failed to produce an M+. 
ion, the highest mass fragment ion being observed as a peak at  mle 653, 
corresponding to the loss of acetylglucose. 


Ever since the cascarosides were first isolated (l), attempts at char- 
acterization have failed largely because of the difficulty in obtaining 
accurate molecular weights (2,4). A solution to this problem is field de- 
sorption mass spectrometry (5,6). Spectra of cascarosides A and B were 
obtained from aqueous and methanolic solutions, and the presence of 
quasimolecular ions such as M+. + "a+], M+- + [K+], and M+- + [H+] 
were of use in establishing that the M+. ion occurs a t  mle 580. Peaks 
corresponding to the presence of such ions in the spectra of glycosides 
from polar solvents also were reported for flavonoids (ll), and their sig- 
nificance to molecular weight determination was discussed (12). To 
eliminate the formation of quasimolecular ions, the acetates of both 
cascarosides were prepared (IIa). The M+. ion occurred at  mle 1042 
(loo%), thus confirming the molecular weight of the cascarosides as 580. 
This result is also in agreement with the suggestions (2) that three acetyl 
moieties are present in the aglycone position and that the tetrahedral 
arrangement a t  C-10 is lost on acetylation. 


Field desorption mass spectrometry was superior to electron-impact 
mass spectrometry for the molecular weight determination of other an- 
thraquinone glycosides since the spectra of barbaloin (111) and of its ac- 
etate (IVa) had base peaks at mle 418 and 754, respectively, corre- 
sponding to the M+. ions. The spectrum of aloe-emodin 8-glucoside (Va) 
also showed the presence of an M+- ion peak, which occurred at mle 432 
(100%); quasimolecular ions were formed as illustrated by the presence 
of a peak at  m/e 455, corresponding to M+. + "a+]. 


The NMR spectra of cascarosides A and B and of the related com- 
pounds were also important in confirming the structure of cascarosides 
A and B. Signals for the five aromatic hydrogens between 8 7.33 and 7.73 
ppm and for the aromatic methylenehydroxy at  6 4.62 ppm were readily 
observed in the NMR spectrum of the aglycone aloe-emodin. For Va, a 
six-proton glucosyl envelope was observed at 6 3.4 ppm in addition to the 
signals of the five aromatic hydrogens, the aromatic methylenehydroxy, 
and the phenolic hydrogen, which appeared at 6 10.91 ppm. 


In the NMR spectrum of barbaloin (111). a six-proton glucosyl envelope 
at 8 2.78-3.50 ppm was also evident, and the presence of a three-proton 
singlet a t  6 4.58 ppm was attributed to the aromatic methylenehydroxy 
and If-10 protons. The H-l'signal appeared at  6 5.1 ppm, and the five 
aromatic protons showed as a multiplet between 6 6.88 and 7.60 ppm; two 
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downfield singlets at 6 11.3 and 11.4 ppm were due to the hydrogen- 
bonded phenolic hydrogens. Signals for eight acetyl groups were observed 
in the spectrum of IVa between 6 1.90 and 2.40 ppm, and the signal for 
the hydrogen at C-10 disappeared. A similar result was also obtained for 
the NMR spectrum of IVb. 


In the NMR spectrum of cascaroside A, the H-1' glucosyl proton ap- 
peared as a singlet at 6 5.10 ppm, and the methylenehydroxy and H-10 
proton appeared together as a 3H singlet a t  6 4.68 ppm. Signals for five 
aromatic protons between b 6.84 and 7.80 ppm and a single hydrogen- 
bonded phenolic proton signal at 6 11.89 ppm were also evident. However, 
because of the difficulty in removing traces of moisture from the cas- 
caroside, i t  was not possible to assess the number of protons in the glu- 
cosy1 envelope between 6 3.0 and 3.50 ppm. A similar NMR spectrum was 
obtained for cascaroside B. 


Therefore, derivatives of cascarosides A and B were produced to as- 
certain the number of glucosyl protons. ,The acetate (Ha) common to 
cascarosides A and B showed the presence of 11 acetyl group signals a t  
6 1.82-2.53 ppm and the absence of the H-10 signal in an analogous way 
to the spectrum of barbaloin acetate. NMR of IIb showed a 12H multiplet 
at  6 3.50 ppm, representing the proton envelope of the two glucose resi- 
dues. The other two glucosyl protons at H-1' and H-1" produced signals 
a t  6 4.35 and 5.15 ppm, respectively. 


Hence, the application of field desorption mass and NMR spectral 
techniques to cascarosides A and B, the aglycone-aloe-emodin, and its 
monoglucosides barbaloin and aloe-emodin 8-glucoside confirms that 
the cascarosides are 0-glucosides of barbaloin and that, despite previous 
hydrolysis results (2), no additional moieties are present. Partial hy- 
drolysis of cascarosides A and B indicated that the 0-glucose is situated 
a t  C-8 and enzyme hydrolysis confirmed that this linkage is beta (6). 
Partial hydrolysis of cascarosides A and B resulting in (+)- and (-)-aloins, 
respectively (2), confirmed that cascaroside A is 8-0-P-D-ghcopyrano- 
syl-( +)-barbaloin and that cascaroside B is 8-O-@-D-glucopyranosyl- 
(-)-barbaloin, in agreement with the proposals of Wagner and Demuth 
(6). The circular dichroism spectra (see Experimental) of cascarosides 
A and B clearly showed that the two compounds are diastereoisomers that 
can be represented as I. 


Oxidative Hydrolysis-The results in Table I confirm earlier findings 
(10) that  anhydrous cascarosides A and B only yield about 40% aloe- 
emodin (theoretical 46.6%). Since the molecular weight of these cascar- 
osides is now established to be 580, if they are quantitatively converted 
into aloe-emodin (molecular weight 270, Ei:m = 500 nm in 1 N NaOH 
gives 320), they should have a corresponding Ei:m value of 149. The av- 
erage value in Table I is 127, which is very close to the value of 125 based 
on earlier samples and used in the recommended method (7). Therefore, 
the equivalent amount of dihydroxyanthraquinone used in the European 
Pharmacopoeia, 1971, should stand. 


The comparatively low yield of aloe-emodin (86% of theory) is in 
marked contrast to results with barbaloin in identical oxidative hydrolysis 
conditions when almost quantitative conversion to aloe-emodin takes 
place (63.6% found, 64.6% theory) (9). Although Wagner and Demuth (6) 
obtained almost theoretical yields from samples of cascarosides A and 


B, this result was based on comparative oxidative hydrolysis of cascar- 
osides and aloin. In absolute terms, their experimental results indicated 
that their cascaroside A yielded 21.3% aloe-emodin, their cascaroside B 
yielded 21.5% aloe-emodin, and their barbaloin yielded 31% aloe-emodin 
(theoretical 64.6%). Clearly, their oxidative hydrolysis conditions did not 
completely convert to aloe-emodin. Furthermore, their extinctions of the 
final red solution were not read a t  the maximum of about 500 nm (Ei:,,, 
= 320) but at 546 nm. From our own curves of aloe-emodin in 1 N NaOH, 
the El:,,, value at this wavelength is 194; this latter value was used in 
making our calculations. 
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Dissolution Rates of Model Gallstones in Human and 
Animal Biles and Importance of Interfacial Resistance 


A. M. MOLOKHIA *. A. F. HOFMANN *. W. I. HIGUCHI *x. 
M. TUCHINDA *, K: FELD *, S. PRAKONGPAN *, and 
R. G. DANZINGERS 


Abstract Cholesterol monohydrate dissolution kinetics in human 
gallbladder bile were studied to determine the magnitudes of the in vitro 
dissolution rates, the rate resistances in human gallbladder bile, and the 
extent that the interfacial resistance is the rate-determining factor. 
Dissolution rate studies also were conducted using human duodenal bile 
and animal bile for comparison. The dissolution rate resistance, R, ranged 
from lo4 sec/cm for chicken bile to 104-106 sec/cm for human bile. In- 
terfacial resistance was the rate-determining factor for essentially all 
results. Where chemical composition data were obtained, the R values 
for the human bile samples were consistent with predictions made from 
the simulated bile studies. In two human gallbladder specimens having 
low bile acid-lecithin molar ratios (i.e., 2.9 and 2.3), very high R values 
of 1.9 X lo5 and 4.1 X lo5 sec/cm were found. These values were in good 
agreement with the findings in the simulated bile studies and suggest that 


Chenodeoxycholic acid is an effective agent for choles- 
terol gallstone dissolution in humans (l), but relatively 
lengthy treatment times are necessary. In a recent evalu- 


stone dissolution in patients with low bile acid-lecithin ratios may pro- 
ceed very slowly, even when the bile is highly undersaturated with respect 
to cholesterol. 


Keyphrases 0 Cholesterol monohydrate-pellets, dissolution kinetics 
in human, animal, and simulated bile, effect of interfacial resistance CI 
Dissolution-kinetics, cholesterol monohydrate pellets in human, animal, 
and simulated bile, effect of interfacial resistance Gallstones, model- 
cholesterol monohydrate pellets, dissolution kinetics in human, animal, 
and simulated bile, effect of interfacial resistance Biles, various- 
dissolution kinetics of cholesterol monohydrate pellets in human, animal, 
and simulated bile, effect of interfacial resistance Steroidscholesterol 
monohydrate pellets, dissolution kinetics in human, animal, and simu- 
lated bile, effect of interfacial resistance 


ation of 243 patients (l), treatment times of 8-24 months 
were required to obtain complete gallstone dissolution. 
Consequently, recent investigations (2-8) have been di- 


Vol. 66, No. 8, August 1977 / 1101 







Table I-Effect of Centrifugation on Human Gallbladder Bile Lipids 
~ 


Before Centrifugation After Centrifugation 


Bile Bile Acids, Lecithin, Bile Aciq/ Cholesterol, Bile Acids, Lecithin, Bile Acid/ Cholesterol, 
Samule umoles/ml wmoleslml Lecithin Ratio umoleslml pmoles/ml pmoles/ml Lecithin Ratio /rmoles/ml 


1 195.0 57.1 3.4 9.6 194.1 41.3 4.7 6.1 
2 95.4 36.8 2.6 13.4 77.2 34.4 2.3 6.4 
3 232.4 80.9 2.9 35.5 219.0 82.9 2.6 13.8 


rected toward a better understanding of the kinetics of 
cholesterol gallstone dissolution and of methods for ac- 
celerating stone dissolution in patients under cheno- 
deoxycholic acid therapy and in other situations, e.g., the 
dissolution of retained common duct stones. 


The physical model approach by Higuchi et al. (2) 
suggested that the dissolution of cholesterol gallstones in 
uiuo may be rate limited by surface resistance to micellar 
solubilization rather than by the conventional diffusion- 
convection mass transfer of cholesterol molecules from the 
stone surface into the bile media. Further investigations 
(3-7) showed that in uitro cholesterol dissolution in sim- 
ulated bile solutions was 20-100 times slower than pre- 
dicted by the diffusion4onvection-controlled mechanism. 
That the rate-limiting step for dissolution could be a sur- 
face reaction also was supported by the finding (6,7) that 
the addition of a small amount of a dissolution rate accel- 
erator for cholesterol, such as benzalkonium chloride, 
dramatically enhanced the dissolution process to a point 
where the rates were almost identical to those predicted 
by the physical model for “diffusion-controlled’’ kinet- 
ics. 


The primary purpose of this study was to examine the 
cholesterol monohydrate dissolution kinetics in human 
gallbladder bile to determine the magnitudes of the in uitro 
dissolution rates and the rate resistances for cholesterol 
monohydrate pellets in human gallbladder bile compared 
to simulated bile. Dissolution rate experiments also were 
conducted using human bile samples obtained by duodenal 
drainage as well as gallbladder bile from several ani- 
mals. 


EXPERIMENTAL 


Materials-Bile-Human gallbladder bile was collected by aspiration 
from patients undergoing cholecystectomy and was frozen. Before the 
experiments, the human gallbladder bile samples were thawed and cen- 
trifuged‘ for 30 min a t  lOO,OOOXg, and the supernates were used. One 
sample was taken from a patient receiving chenodeoxycholic acid therapy; 
the others were from regular patients. Human duodenal bile was collected 
by duodenal aspiration after cholecystokinin injection from patients who 
were receiving chenodeoxycholic acid for about 1 year. The bile was then 
filtered through a 0.22-pm filter2 and frozen prior to use. 


Baboon gallbladder bile3 from control animals and from animals fed 
with chenodeoxycholic acid, dog gallbladder bile4, and chicken gall- 
bladder bile5 were filtered through 0.22-pm filters2 and frozen prior to 
use. 
Cholesterol-4-14C-Cholesterol monohydrate was recrystallized from 


95% ethanol (3). For the dissolution experiments, about 100 mg of cho- 
lesterol monohydrate crystals was compressed6 in a 1.27-cm diameter 
die under a pressure of 1362 kg (3000 lb). 


General Design Considerations-To achieve the primary goals of 


Model L3-40 ultracentrifuge, Beckman Instruments, Fullerton, Calif. * Millipore Filter Corp., Bedford, Mass. 
Dr. C. K. McScherry, New York Hospital, Cornell Medical Center, New York, 


Pel Freez Biologicals Inc., Rogers, Ark. 
Eastern Poultry Co., Detroit, Mich. 
Model B lab press, Fred Carver Inc., Summit, N.J. 


N.Y. 


this study, it would have been ideal to experiment with freshly collected 
human gallbladder bile. However, for two important reasons, fresh bile 
was not used. 


First, most specimens of human gallbladder bile under normal con- 
ditions are nearly saturated or supersaturated with cholesterol. Therefore, 
dissolution rate experiments would be either impossible or practically 
unsuitable unless the cholesterol levels were lowered significantly by some 
means without seriously altering the other bile constituents. 


Second, the bile specimens had to be shipped several hundred miles 
by air and some means for preservation was needed. Freezing of the bile, 
thawing, and then centrifuging prior to the experiments solved both of 
these problems. Invariably, the cholesterol levels of the supernates were 
significantly lowered while the phospholipid and bile acid levels were 
altered little or none at all by this procedure. Also, the transporting of 
the bile was convenient and routine. Bile samples were received frozen 
and were transferred immediately to a freezer for storage until the ex- 
periment. 


Because of the relatively small amounts (-15 ml) of human gallbladder 
bile available from each patient and because future plans include eval- 
uating patient-to-patient variations in the cholesterol dissolution rate 
properties of bile, a smaller dissolution apparatus than used previously 
(3) was designed. It consisted of similar components, i.e., a stirrer at- 
tached to a constant-speed motor (150 rpm), a water-jacketed beaker, 
and a die holding the compressed cholesterol monohydrate pellet. The 
hydrodynamic conditions were assessed from the dissolution rate of a 
benzoic acid pellet in 0.01 N hydrochloric acid solution, which is known 
to be a diffusion-convection-controlled process (9). 


Effect of Centrifugation on Human Gallbladder Bile Lipids- 
Three human gallbladder bile samples were thawed for 1 hr at 37O, and 
then each was divided into two portions. One was immediately centri- 
fuged’ for 30 min at lOO,OOOXg, and then 1.0 ml of the supernate was 
pipetted into 9 ml of 2-propanol for lipid analysis. The second portion 
was agitated on a wrist-action shaker7 at  37’ for 24 hr to disperse any 
insoluble matter. Then 1.0 ml of the mixture was pipetted into 9 ml of 
2-propanol for analysis. 


Solubility Determination-About 30 mg of *4C-cholesterol mono- 
hydrate crystals was added to 2 ml of bile in a 15-ml firmly stoppered test 
tube, and the suspension was continuously agitated in a wrist-action 
shaker7. Samples of 0.1 ml were taken after 3 days and every other day 
thereafter until the cholesterol analysis indicated a constant solubility. 
Each sample was filtered through glass wool before analysis in a liquid 
scintillation counters. These data represented the differences between 
the actual solubility, C,, and the initial concentration of cholesterol, Cb. 
In addition, both Cb and Cs for cholesterol were determined for a number 
of samples by the colorimetric method of Sperry and Webb (10). 


Dissolution Rate  Determination-Exactly 10 mI9 of bile was used 
for each run, and the cholesterol dissolution experiments were carried 
out as described previously (3), except that 0.2-ml samples were taken 
for determining the total amount dissolved at each time interval by means 
of liquid scintillation counting. 


Diffusivity Measurements-The small diaphragm cell employed 
previously (3,7) was used for the determination of cholesterol diffusivity 
in human duodenal and dog gallbladder bile samples. 


Analysis of Biliary Lipids-Total bile acids were determined using 
an automated steroid dehydrogenase procedure (1 1). Phospholipids were 
determined colorimetrically (12) using an ethanol-ether solution of bile. 
Total cholesterol was determined colorimetrically after saponification 
and extraction into hexane using the method of Abell et al. (13). The 
solubilities of cholesterol in several bile samples were calculated based 
on their bile acid and lecithin contents (14) using the polynomial equa- 
tions derived by Thomas and Hofmann (15). 


Burrel Corp., Pittsburgh, Pa. 


The volume was 5 ml for baboon bile and the human gallbladder bile of the 
chenodeoxycholic acid-treated patient. 


* Beckman Instruments, Fullerton, Calif. 
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Table 11-Comparison of the Cholesterol Solubility Determined Experimentally and the Value Calculated from the Polynomial 
Equation of Thomas and Hofmann (15) 


Cholesterol 


Bile Bile Acids, Lecithin, Bile Acid/ pmoleslml pmoles/ml 
Sample pmoleslml pmoles/ml Lecithin Ratio (Colorimetry) (Calculated) 


Cholesterol C , ,  Equivalent C,  , 


1 
2 


194.1 41.3 
133.7 24.9 


4.7 
5.4 


12.9 
9.7 


13.2 
8.2 


3 237.2 64.9 3.7 18.1 19.8 
4 85.4 21.3 4.0 5.2 6.6 


THEORETICAL 


According to the Nernst diffusion theory (16), the dissolution rate of 
a solid solute into a liquid solvent is given by: 


D 
h J / A  = -(Cs - c b )  (Eq. 1) 


where J is the rate of dissolution, A is the area of solid-liquid contact, 
D is the diffusion coefficient, h is the effective diffusion layer thickness, 
and c, and c b  are as previously defined. 


While the factor h/D is a purely diffusional resistance in the Nernst 
theory, it is generally recognized (7) that, when applied to dissolution rate 
situations such as in this work, this factor actually represents contribu- 
tions from both diffusion and convection. 


For the case where the resistance to the dissolution process is associated 
with interactions at the crystal surface, the dissolution rate can be ex- 
pressed as (2): 


J /A  = P(C,  - Cb)  (Eq. 2) 


with UP representing the interfacial resistance, and P is the effective 
permeability coefficient across the interfacial barrier. 


When both resistances-the diffusion-convection resistance and the 
interfacial resistance-are important, the overall dissolution rate can 
be given as (17): 


or: 


and: 
h 1  
D P  


R = - - + -  


(Eq. 3) 


(Eq. 4) 


(Eq. 5) 


where R is the total resistance to dissolution. 
When 1/P is negligible, Eq. 3 reduces to Eq. 1. On the other hand, when 


the dissolution rate is controlled by the interfacial barrier, 1/P is large 
compared to h/D and Eq. 3 reduces to Eq. 2. 


In a given dissolution apparatus in which the hydrodynamics remain 
constant, the effective diffusion-convection resistance, h/D, for a com- 
pressed pellet dissolving in a solvent can be estimated independently. 
The diffusion coefficient, D, can be measured directly using a diffusion 
cell. The effective diffusion layer thickness, h, may be determined for 
a benzoic acid pellet dissolving in 0.01 N hydrochloric acid, and the cor- 
responding h value for the particular system under investigation can then 
be deduced from h a D", where n varies from zero to one-thirdlo. As will 
be seen in this study, the choice of the n value does not make much dif- 
ference because the resistance for cholesterol dissolution in human and 
animal bile is always on the high side where the h/D contribution to R 
is relatively small. 


Thus, for each dissolution experiment, if the resistance, R,  calculated 
from the experimental results of JIA, C,, and c b  with Eq. 4 approaches 
the estimated h/D value, the dissolution process is said to be fast and 
controlled by diffusion across the diffusion layer. If, on the other hand, 
the R value is significantly larger than h/D, the interfacial resistance may 
be important and the dissolution process is said to be slower than a dif- 
fusion-controlled process by a factor R/(h/D). 


lo According to the Levich theory (18) and recent investi ations with the rotat- 
ing-disk dissolution apparatus (7), an h dependency on D1g is obeyed. Also, for a 
static disk dissolution apparatus similar to the one used in this study, Prakongpan 
(19) recently showed that h 0: 0 ' 1 3  is a better approximation than h DO. 


RESULTS 


Effect of Centrifugation on Bile Lipids-Table I shows the effect 
of centrifugation on the total bile acids, lecithin, and cholesterol contents 
of three human gallbladder bile samples after freezing and thawing. While 
the changes in the bile acids and lecithin contents were relatively small, 
if any, the cholesterol contents were reduced significantly. The bile 
acid-lecithin ratios after centrifugation (Table I) remained within the 
physiological range. 


Hydrodynamics and h/D Value for Micellar Cholesterol in Dis- 
solution Apparatus-The baseline dissolution experiments with benzoic 
acid showed a linear relationship between the amount dissolved and time 
with a slope, J,  equal to 1.23 X mg/sec. By using Eq.' 1 and substi- 
tuting for the experimentally determined values of JIA = 9.7 X lo-" 
mg/cm*/sec, C, = 4.7 mg/cm3, and D = 1.4 X low5 cm2/sec, an h value of 
6.8 X cm was obtained. 


Because of the availability of only relatively small amounts of the 
human gallbladder bile and because the h/D term generally contributed 
little to the total resistance, R ,  for most situations, the diffusivity ex- 
periments with micellar cholesterol were carried out with only a few 
representative samples. A diffusivity value of (1.0 f 0.3) X loe6 cm2/sec 
was found with several human duodenal and dog bile specimens. This 
value was used to estimate the diffusion-convection resistance, h/D, for 
all bile samples tested. When using Eq. 6 with n = 1/3 and the benzoic 
acid dissolution data, an effective diffusion layer thickness of 2.82 X 
cm was obtained for the cholesterol-bile micellar system. This value 
corresponds to an hlD value of 2.82 X lo3 sec/cm. 


Cholesterol Monohydrate Dissolution in Human Gallbladder 
Bile-Table I1 compares the cholesterol solubilities, C,, determined 
colorimetrically for some bile samples with the values calculated as de- 
scribed previously (15) from the Hegardt and Dam (14) relationship based 
on the bile acid and lecithin contents of these bile specimens. The ex- 
perimental and calculated values were in good agreement. 


Table 111 summarizes the dissolution rates, solubilities, and resistances 
to dissolution of cholesterol monohydrate in 10 human gallbladder bile 
samples. For the three samples in which the cholesterol monohydrate 
values of (C,  - C b )  were determined both colorimetrically and by the 
"C-analysis, good agreement between the two techniques was obtained. 
The R values, calculated using Eq. 4, ranged from 10 X lo3 to 400 X 103 
sechm. Bile Sample 8, obtained from a patient receiving chenodeoxy- 
cholic acid therapy, showed an R value of 40.3 X lo3 sec/cm, which was 
in the range for the normals studied in this investigation. 


As discussed, the h/D value was 2.82 X lo3 sec/cm for these experi- 
ments. Thus, (hlD) << (UP) for essentially all R values given in Table 
111. Therefore, the interfacial resistance factor dominated the dissolution 
kinetics with all tested samples. 


Cholesterol Monohydrate Dissolution in Human Duodenal 
Bile-Table IV shows the results of cholesterol monohydrate dissolution 
in two human duodenal bile samples. The dissolution rates were much 
lower and the R values were much larger with the duodenal bile than with 
the gallbladder bile. Experiments with other human duodenal bile 
samples gave R values that were always at least as large as those shown 
in Table IV. The addition of 1.25% benzalkonium chloride to the two 
samples increased the (C,  - c b )  value up to sixfold and decreased R by 
about 100-fold. 


Cholesterol Monohydrate Dissolution in Animal Bile-The data 
presented in Table V show that the resistance to cholesterol monohydrate 
dissolution was the highest in baboon bile and the lowest in chicken bile. 
The bile collected from chenodeoxycholic acid-fed baboons showed about 
the same resistance as that of the bile collected from normal baboons. 


The two dog gallbladder bile samples examined gave almost the same 
resistance values. While the addition of 1.25% benzalkonium chloride to 
Sample I showed no effect on cholesterol solubility, a threefold decrease 
in the resistance was observed. The effect of dilution on cholesterol dis- 
solution was studied by diluting an aliquot of Sample I with an equal 
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Table 111-Dissolution Rates, Solubilities, and Transport Resistances of Cholesterol Monohydrate in Human Gallbladder Bile 


Cholesterol after 
Centrifuging, Solubility, C,, C, - cb, C, - c b ,  


Sam- Bile Acid/ Cb,  pmoles/ml pmoles/mI fimoIes/mI fimoles/mI 
Ple Lecithin Ratio (JIA) X lo4, mg/cm2/sec (Colorimetry) (Colorimetry) (Radiometry) (Colorimetry) R a  x sec/cm 


1 4.70 1.23 
2 - 0.05 


4 5.38 
5 3.65 
6 4.00 
7 4.46 
Sb 3.71 
9 


10 
2.29 
2.93 


0.38 
0.44 
1.13 
0.391 
1.42 
0.27 
0.3125 
0.0684 


3.88 12.9 8.5 9.02 26.63 
- - 0.623 - 48.2 


3.88 
4.20 
7.95 


7.75 
- 
- 
- 
- 


- 5.2 - 
9.7 3.45 5.5 


18.1 11.75 10.15 
5.2 1.00 - 
- 9.02 - 
- 2.84 - 
- 14.53 - 
- 6.98 - 


52.84 
30.59 
40.13 
9.87 


24.50 
40.30 


187.8 
412.3 


Calculated from Eq. 4 and using (C,  - C b )  values determined by radiolabeling. * Patient was receiving chenodeoxycholic acid. 


volume of double-distilled water and by using the resulting mixture for 
cholesterol dissolution and solubility determinations. The dissolution 
rate in the diluted sample was about 11 times slower than that in the 
original sample due to a decrease in the cholesterol solubility and an in- 
crease in the resistance to dissolution. 


Chicken gallbladder bile offered only a modest resistance to cholesterol 
dissolution of 11.5 X lo3 sec/cm. 


DISCUSSION 


These results, the first of their kind, provide the first insights regarding 
the possible importance of the interfacial resistance in cholesterol gall- 
stone dissolution in real bile. These data, together with results obtained 
for chemically defined “synthetic bile,” should permit the assessment 
of whether the kinetics of gallstone dissolution may be explained and 
predicted on the basis of the bile acids, lecithin, and the electrolytes in 
the bile. 


Correlation with Studies in Synthetic Bile-The ranges of the R 
values found in this study with human and animal bile samples were 
consistent with those found by Kwan et al. (20) with the synthetic sys- 
tems. The R values for the human gallbladder biles were in the range of 
25-400 X lo3 sec/cm. These values were within about a factor of two of 
predictions (20) based upon the R values for cholesterol monohydrate 
dissolution in lecithin solutions of taurocholate, glycocholate, tauro- 
chenodeoxycholate, and glycochenodeoxycholate a t  various electrolyte 
concentrations. Thus, while more experiments under a wider range of 


Table IV-Dissolution Rates, Solubilities, and Transport 
Resistances of Cholesterol Monohydrate in Human Duodenal 
Biles 


AC(C, - 
( J /A)  X lo4, C b ) ,  R X 


Bile Samdea mg/cm2/sec mg/ml sec/cm 


I 0.0191 0.91 483 
I1 0.0124 0.46 330 
I plus 1.25% benzalkonium 9.7 4.20 4.3 


chloride 


chloride 
I1 plus 1.25% benzalkonium 7.9 2.85 3.6 


Bile pooled from patients after about 1 year of chenodeoxycholic acid thera- 
PY. 


Table V-Dissolution Rates, Solubilities, and Transport 
Resistances of Cholesterol Monohsdrate in Animal Bile 


AC(C, - 
(J/A) X lo4, Cb), R X 


Animal Bile mg/cm2/sec mg/ml sec/cm 


Control baboon 0.072 0.74 102.8 
Chenodeoxycholic acid-treated 0.248 2.24 90.3 


baboon 
Dog I 2.71 7.60 28 
Dog I1 1.15 3.09 27 
Dog I plus 1.25% benzalkonium 9.20 7.80 8.5 


chloride 
Dog I, 2X dilution 0.24 2.80 120 
Chicken 2.88 3.30 11.5 


conditions are required, the indications so far are that the kinetics of 
cholesterol gallstone dissolution may be explainable on the basis of the 
principal bile acids, lecithin, and the electrolytes in any particular 
bile. 


The unusually high R values found with human gallbladder bile 
Samples 9 and 10 are particularly noteworthy. The significant difference 
between these samples and the others was the bile acid-lecithin ratio. 
Both samples had rather low ratios-uiz., 2.3 and 2.9. Although other 
factors, such as the electrolytes and the bile acid concentration, must be 
considered, the much higher R values were consistent with the trends 
found by Kwan et al. (20) with the chemically defined synthetic sys- 
tems. 


The human duodenally aspirated biles (Table IV) gave R values much 
larger than those of most gallbladder bile samples in Table 111. The bile 
acid and lecithin concentrations and the bile acid-lecithin ratios were 
not determined for these samples. According to the results of Kwan et 
al. (20) for chemically defined media, however, both of these variables 
may significantly influence the R values. Other evidence (21) confirms 
that the duodenally aspirated bile is indeed more dilute (two to four 
times) than gallbladder bile, and the difference in R values could well be 
explained by the bile acid and lecithin levels as seen with the synthetic 
systems (20). As shown in Table V, a twofold dilution with dog bile yielded 
a fourfold increase in R. Clearly, however, more studies are needed to 
answer this question. 


The results with the animal biles were also consistent with the ranges 
of R values observed (20) for the synthetic systems. Again, in the absence 
of chemical analysis data, more cannot be said at this time since several 
variables may be at  work simultaneously. 


Possible In Vivo Implications-The R values of 25-400 X lo3 sec/cm 
given in Table I11 correspond to 10-200 times the diffusion-convection 
resistance for cholesterol monohydrate dissolution in the present in uitro 
experiments. Therefore, i t  can be said that the rates are 90-99% “surface 
reaction controlled” for this situation. A clinically important question 
is what the effect of diffusion-convection resistance might be i n  uiua. 
Recent assessments (20) of this problem suggest that the order of mag- 
nitude of the time average (h/D)i, “iu0 may be 16 X lo3 sec/cm. This would 
mean that R values of 25-400 X lo3 sec/cm represent 2-25 times the 
diffusion-convection resistance factor. Thus, gallstone dissolution ac- 
celeration of two- t~ 25-fold might be maximally achievable for these cases 
in uiuo. 


The effectiveness of the cholesterol gallstone accelerator benzalkonium 
chloride is demonstrated in Table IV. The addition of 1.25% of this 
compound in human duodenal bile taken from patients receiving 
chenodeoxycholic acid treatment showed a 500-fold acceleration in rate 
and about a 100-fold decrease in R. The observed R value of around 4 x 
lo3 sec/cm was within a factor of two of purely diffusion-convection- 
controlled kinetics for these i n  uitro experiments. 
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Cholesterol Gallstone Dissolution Rate 
Accelerators I: Exploratory Investigations 


K. H. KWAN*, W. I. HIGUCHI*X, A. M. MOLOKHIA*, and 
A. F. HOFMANN* 


Abstract 0 Various compounds that might function as cholesterol 
gallstone dissolution accelerators were studied. The dissolution rates of 
cholesterol monohydrate pellets in synthetic bile (116 mM sodium cho- 
late-32 mM lecithin) containing the agent at various concentration levels 
were determined. In the absence of any dissolution rate accelerator, the 
dissolution kinetics for cholesterol previously were found to be interfacial 
resistance controlled, and the rates were around 20 times less than the 
diffusion-controlled rates in the present experiments. Primary, secon- 
dary, and tertiary amines and quaternary ammonium compounds were 
effective accelerators. When the alkyl chain lengths were long enough 
and/or when the agent concentrations were high enough, the dissolution 
rates generally approached diffusion-controlled rates. Steroidal amines 
generally had good activity. Anionic and nonionic surfactants had little 
or negative activity. 


Keyphrases Cholesterol monohydrate-pellets, dissolution rate in 
synthetic bile, effect of various nitrogen-containing compounds and 
surfactants 0 Dissolution rate-cholesterol monohydrate pellets, effect 
of various nitrogen-containing compounds and surfactants Gallstones, 
model-cholesterol monohydrate pellets, dissolution rate in synthetic 
bile, effect of various nitrogen-containing compounds and surfactants 


Bile, synthetic-dissolution rate of cholesterol monohydrate pellets, 
effect of various nitrogen-containing compounds and surfactants tl 
Amines and ammonium salts, various-effect on dissolution rate of 
cholesterol monohydrate pellets in synthetic bile 0 Surfactants, vari- 
ous-effect on dissolution rate of cholesterol monohydrate pellets in 
synthetic bile Steroids-cholesterol monohydrate pellets, dissolution 
rate in synthetic bile, effect of various nitrogen-containing compounds 
and surfactants 


Recent investigations (1-7) showed that a substantial 
interfacial resistance (or interfacial barrier) is associated 
with the in uitro dissolution of cholesterol gallstones and 
cholesterol monohydrate pellets in human and simulated 
bile (bile acid-lecithin solutions). The magnitudes of these 


transport resistances may be large enough (6,7) to affect 
significantly the rate of cholesterol stone dissolution in 
uioo. Accordingly, rate accelerators might have therapeutic 
value in decreasing the time required for total gallstone 
dissolution in patients receiving chenodeoxycholic acid. 


The purposes of this study were to explore the kinds of 
compounds that might function as cholesterol gallstone 
dissolution accelerators and to begin to define structure- 
activity relationships. 


EXPERIMENTAL 


Materials-Commercial cholesterol1 was recrystallized three times 
from 95% ethanol. Radioactive cholesterol monohydrate was prepared 
by mixing 5 g of the recrystallized cholesterol with 100 pCi of a benzene 
solution of 4-14C-cholestero12 in 400 ml of 95% ethanol at 60’. This so- 
lution was filtered while hot, and the filtrate was allowed to stand for 48 
hr at  room temperature. Then the cholesterol monohydrate crystals were 
filtered and dried in uacuo for 24 hr. The crystals obtained were stored 
in the dark in a desiccator saturated with water vapor a t  room tempera- 
ture. 


NMR studies quantitatively confirmed the monohydrate nature of the 
crystals. TLC studies indicated the absence of any impurities (8). X-ray 
crystallography3 studies indicated that the crystals were indeed choles- 
terol monohydrate crystals and that they had a lattice system similar to 
that of cholesterol found in human biliary calculi (9). If exposed to low 
humidity and light, these crystals lose their water content readily. 


Sodium cholate‘ and the a m i n e s l ~ ~ * ~ * ~  were analytical grade and were 


Eastman Kodak Co., Rochester, N.Y. 
New England Nuclear Corp., Boston, Mass. 
Performed by Dr. C. Nordman, Department of Chemistry, University of 


J. T. Baker Chemical Co., Jhillipshurg, N.J. 
Lonza Inc., Fair Lawn, N.J. 


Michigan, Ann Arbor, Mich. 
* Schwarz Mann, Orangebur , N.Y. 
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A NEW K I N D  OF “DRUG LAG” 
Much has been said and written about the purported “drug lag” in the 


United States. Although we are certain that most of our readers are quite 
familiar with this issue, for the sake of those who are not, a brief description 
would be in order. 


Basically, the present drug laws in this country require a demonstration 
of both safety and effectiveness before the marketing of a new drug is 
permitted. Moreover, the implementing regulations spell out in more 
precise terms and in greater detail the types of testing and test data that 
must be compiled in support of the claims made in the application sub- 
mitted for approval. For example, controlled, double-blind clinical studies 
generally are considered essential in the effort to document the effec- 
tiveness claimed for a new drug. 


The documentation required, both in a qualitative and a quantitative 
sense, coupled with the administrative procedures utilized generally results 
in new drugs appearing on the U.S. market a t  a later date than in most 
countries abroad. Depending upon the interests and politics of the person 
commenting, this situation is depicted as ranging from a very serious 
problem in which desperate patients are denied lifesaving therapy for years 
on end, to a blessing in which the public is guarded and shielded from in- 
adequately tested, dangerous agents that are promiscuously marketed in 
other countries. 


The drugs involved are new chemical entities which are patentable and, 
therefore, the firm submitting the New Drug Application would retain 
exclusive property rights-except, of course, for possible licensing and 
royalty agreements-to that agent for the life of the patent. Hence, there 
is a strong profit motive which greatly encourages the interested company 
to actively pursue its efforts toward obtaining government approval for 
marketing the new drug discovery. 


Indeed, various allegations have been made that certain firms and cer- 
tain drug industry representatives have pursued this objective too vigor- 
ously to the point of bringing improper pressures to bear upon the gov- 
ernment agency’s medical scientists in a zealous effort to win such approval 
for their new drugs. 


The purpose of this editorial, however, is not to enter this familiar “drug 
lag” controversy. Rather, it is to call attention to the neglected compounds 
that have great potential as useful drugs, but which are shunned by drug 
companies simply because they are unpatentable. For all its benefits and 
advantages, the free enterprise and patent system discourages private 
industry from investigating the potential therapeutic value of such un- 
patentable compounds. 


Consequently, a “research lag” exists because research and development 
relating to these compounds-which happen to be in this category of 
known compounds or naturally occurring substances-simply are not 
conducted. A rather dramatic illustration is the drug lithium carbonate. 
The value of lithium in treating manic-depression was suggested many 
years ago; indeed, reports of its effectiveness appeared in the late 1940’s. 
However, as recent as 1965, no commercial firm wai sufficiently interested 
in pursuing these leads because lithium and its common salts are naturally 
occurring substances which are not patentable. 


Eventually, we understand that the American College of Neuropsy- 
chopharmacology, in a move that would have been without precedent, 
seriously considered submitting a New Drug Application in its own name 
in order to win government approval for the agent as a drug. What abruptly 
changed this situation and prompted industry interest in the mid-1960’s 
was a recognition that the clinical usefulness of lithium is dependent upon 
its formulation as a slow-release dosage form and that such timed-release 
products are patentable. 


We are not suggesting that the drug industry was negligent or derelict 
in failing to devote research dollars to study lithium or any other such 
unprofitable entity. But we are suggesting that a void exists in our present 
system, which results in potentially useful drugs being neglected. 


Various possible remedies are available to fill this research gap, including 
private foundations, academic institutions, and various public facilities 
such as hospitals operated by the Public Health Service or Veterans Ad- 
ministration. However, it would appear that the most logical central facility 
to assume this role is the National Institutes of Health and, specifically, 
the National Institute of General Medical Sciences. Moreover, it strikes 
us that federal research dollars-which often are spent in such question- 
able pursuits as to merit U.S. Senator William Proxmire’s celebrated 
“Golden Fleece Award”-would be well utilized if expended for this pur- 
pose. -EGF 
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Binding of N-Substituted Anthracenecarboxamides to 
Double-Stranded DNA: An Electronic Spectral Study 


STEPHEN G. SCHULMAN x, W. LARRY PAUL *, and ROY J. STURGEON 1 


Abstract The electronic absorption and fluorescence spectra of two 
isomeric anthracenecarboxamides substituted with quaternary alkyl- 
ammonium groups were studied as a function of solvent polarity, solvent 
rigidity, and state of protonation. These relatively simple environmental 
perturbations of the electronic spectra were employed to interpret 
spectral shifts caused by complexation with the bases or base pairs of 
DNA. The exocyclic side chains of the compounds studied have some 
freedom of movement when the spectroscopic probes are bound to dou- 
ble-stranded DNA. 


Keyphrases Anthracenecarboxamides, N-substituted-binding to  
DNA, electronic absorption and fluorescence spectral study Bind- 
ing-N-substituted anthracenecarboxamides to DNA, electronic ab- 
sorption and fluorescence spectral study DNA-binding to N-sub- 
stituted anthracenecarboxamides, electronic absorption and fluorescence 
spectral study 0 Electronic absorption spectrometry-binding of N -  
substituted anthracenecarboxamides to DNA Fluorescence spec- 
trometry-binding of N-substituted anthracenecarboxamides to  DNA 


Many drugs active against microorganisms and neo- 
plasms are polycyclic aromatic or heteroaromatic cations, 
which bind reversibly to the polyanionic nucleic acids in 
uitra and in uiuo (1). Their modes of action are generally 
believed to be related, directly or indirectly, to their ability 
to be bound to DNA, resulting in errors of transcription 
or replication in the affected organism (1). However, the 
process of binding to DNA often entails interactions dif- 
ferent from, and in addition to, the electrostatic interaction 
between ions of opposite charge. 


Various techniques such as low-shear viscometry, ul- 
tracentrifugation, and NMR spectroscopy have yielded 


information indicating that the aromatic portions of the 
drugs can become inserted (intercalated) between base 
pairs of the double helix of DNA. This insertion results in 
a partial unwinding and linear extension of the double 
helix to accommodate the intruding drug molecule (2- 
5 ) .  


Several studies of binding believed to result in interca- 
lation of drug or dye molecules with DNA have been car- 
ried out, with the binding parameters often estimated 
absorptiometrically or fluorometrically. However, little 
has been established concerning the nature of the changes 
in the electronic absorption or fluorescence spectra ofthe 
drug or dye molecules upon such binding. The failure of 
electronic spectroscopy to deliver useful information about 
nucleic acid binding has been due in part to the complex 
structures of the drug and dye molecules involved; the 
environmental perturbations of these spectra are difficult 
to interpret. 


In the present study, the changes in the electronic ab- 
sorption and fluorescence spectra of two cationic, N-sub- 
stituted anthracenecarboxamides occurring upon binding 
to calf thymus DNA were examined. The observed changes 
were compared to the changes occurring in the spectra of 
these compounds upon protonation and as a function of 
solvent rigidity and polarity. 


The compounds studied, N -  (2-anthroyl) -N’,N’-di- 
methyl-N’-[(3 - trimethylammonium) propyllethylenedi- 
amine dibromide (I) and N-(9-anthroyl)-N’,N’-di- 
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Table I-Electronic Absorption (A,) Maxima of I and I1 in 
Water with and without DNA, in 90% HzS04, and in  n-Heptane, 
All nt 29R "K 


I 
CHJ Br- Br- 


I 


CH, Br- Br- 
I1 


methyl-N'- [ (3 - trimethylammonium)propyl]ethylenedi- 
amine dibromide (11), are representatives of a class of 
doubly charged cations that increase the intrinsic viscosity 
of solutions of double-stranded DNA upon binding and, 
therefore, are presumed to intercalate between DNA base 
pairs (6). These molecules were chosen as probes because 
they absorb and fluoresce at long wavelengths where the 
electronic spectra of the purine and pyrimidine bases of 
DNA do not interfere and because their aromatic systems 
are functionally simple, each containing a single electron 
acceptor group (the carboxamido group) that can affect 
the electronic spectra. 


EXPERIMENTAL 


Calf thymus DNA', supplied as the A grade sodium salt (phosphorus 
content 8.04% by weight) was dissolved in water containing monobasic 
and dibasic potassium phosphate as a buffer system (pH 6.9, total po- 
tassium-ion concentration of 0.01 M) to make a stock solution 1.10 x 10V 
M in DNA phosphate. Spectroquality n-heptane2 and analytical reagent 
grade sulfuric acid3 also were employed as solvents. Sulfuric acid solutions 
were prepared by dilution with distilled deionized water. The Hammett 
acidity scale of Jorgensen and Hartter (7) was employed to calibrate the 
acid solutions. 


Absorption spectra of aqueous buffer and sulfuric acid solutions, -1 
X M in I and 11, were taken on a grating ~pectrophotometer~. When 
the probes were to be complexed by DNA, 200 fil of the DNA stock so- 
lution was added to 2 ml of a buffered, aqueous l X M solution of 
I or I1 in 1-cm square silica cells. This mixture produced a large ratio 
(-10) of DNA phosphate to probe concentration, which was necessary 
to maximize the binding of the probe in the region where intercalation 
may be expected to predominate ([DNA phosphate] > 4 X [probe]) and 
to minimize the binding of the probe to the external parts of the DNA 
double helix. Because of the very low solubility of I and I1 in n-heptane, 
all spectra in that solvent were taken on solutions saturated with I and 
11. 


Fluorescence spectra were taken on a fluorescence spectrophotometes 
with a rhodamine-B quantum counter5; the monochromators were cali- 
brated against the xenon line emission spectrum, and the spectral output 
was corrected for a wavelength variable response. Because of the non- 
linearity of the fluorescence intensity with varying concentration at high 
absorbances, the aqueous and acid solutions upon which fluorescence 
spectra were taken were kept to -5 X M in I or 11. However, the DNA 
phosphate concentration in the aqueous solutions in which the DNA 
complexes of I and I1 were prepared for fluorometric study was identical 
to that employed in the absorptiometric experiment. 


1 Calhiochem, La Jolla, Calif. 
2 Matheson, Coleman and Bell, East Rutherford, N.J. 
3 Mallinckrodt Chemical Works, St. Louis, Ma. 
4 Model DB-GT, Beckman Instruments, Fullerton, Calif. 
5 Model MPF-ZA, Perkin-Elmer, Norwalk, Conn. 


In Water, pH 6.9 Inn-  
With 1 X 10-3 In.90% HzS04 Heptane" 


Without DNA M DNA without DNA without DNA, 
X,, nm loge A,, nm loge A,, nm loge A,, nm 


I 
386 3.36 398 3.29 422 3.43 383 


364 371 3.39 382 3.32 - _  


- 


358 3.43 365 3.30 363 3.42 348 
340 3.40 346 3.31 347 3.65 338 
328 3.25 -330 3.24 330 3.52 -327 


TT _ _  
383 3.75 390 3.49 - 384 3.63 381 
364 3.81 371 3.55 363 3.64 362 
346 3.64 353 3.43 348 3.47 344 
331 3.38 337 3.23 333 3.26 328 
318 3.08 -322 3.23 -319 3.15 -313 


a Absorption spectra in n-heptane are only qualitative because of the poor 
solubilities of I and I1 in that solvent. 


The quantum yields of fluorescence of the free and complexed probes 
were determined by the comparative method of Parker and Rees (8), 
using quinine bisulfate in 0.1 N HzS04 as a standard. The absorbances 
of the solutions of I and I1 and those of the quinine standard solution were 
less than 0.02 at  the wavelength of excitation. This finding circumvented 
the necessity for corrections to the integrated fluorescence intensity 
measurements for the nonlinearity a t  high absorbances (8). 


Fluorescence decay times (lifetimes of the lowest excited singlet states) 
of the free and DNA-bound probes were measured on a pulsed-source 
fluorometer6 with an 18-w deuterium lamp6. A pulse time of 1.6 nsec and 
an internal computer7 were used to resolve the lamp pulse characteristics 
from the probe decay characteristics. The unit was interfaced with a 
dual-beam oscilloscope7 with two 1A2 plug-in amplifiers7 for visual dis- 
play of the fluorescence decay characteristics. 


RESULTS AND DISCUSSION 


The principal absorption and fluorescence features of I and I1 and their 
variations with the state of protonation, solvent polarity, and solvent 
rigidity are listed in Tables I and 11. The absorption spectra of I and I1 
in water, concentrated sulfuric acid, and aqueous DNA solutions are 
shown in Figs. 1 and 2, and their fluorescence spectra are shown in Figs. 
3 and 4. 


The absorption spectra of substituted anthracenes in the 300450-nm 
region are derived from the absorptions from the ground state ('A) to the 
two lowest lying excited states ('La and 'Lb) (9). In anthracene, the 
' L ,  - 'A and ' L b  - ' A  transitions, which are short axis and long axis 
polarized, respectively (9), overlap considerably and give rise to the 
structured absorption band complex at 300-400 nm. Although the two 
absorption bands are indistinguishable in anthracene, it is generally 
believed that the long wavelength edge of the absorption complex belongs 
to the 'La band (10) and that the ' L b  band is slightly higher in energy, 
much less intense than the 'La band, and, therefore, buried under the 
broad absorption envelope of the latter (11). 


Introduction of an electron donor or acceptor substituent to the 0- 
position of anthracene is generally presumed to affect the longitudinally 
polarized 1Lb - 'A transition of the anthracene ring to a greater degree 
than the transversely polarized *Lo - ' A  transition (9). Therefore, the 
I L b  band of the 2-substituted anthracenes is red shifted, intensified, and 
blurred to a greater extent than the 'La band (1 1-14). A strongly inter- 
acting substituent in the 2-position may, in theory, cause the '& band 
to move to a lower energy than the 'La band of the same compound and, 
hence, become the longest wavelength absorption band. 


The absorption spectra of I demonstrate considerable blurring, espe- 
cially on the long wavelength side, relative to the absorption spectrum 
of anthracene. No doubt this blurring results from the intensification and 
blurring of the 'Lb - 'A transition. However, whether or not the ' L b  
band Iies a t  a lower energy than the 'L ,  band cannot be established by 
simple inspection because of substantial overlap. However, when the 
amide group is protonated in concentrated sulfuric acid, the unstructured 
band that moves to much longer wavelengths (427 nm) can be assigned 


Model 31B, TRW, Inc., El Segundo, Calif. ' Model 556, Tektronix, Inc., Beaverton, Ore. 
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Table 11-Fluorescence ( A t )  Maxima of I and I1 in Water with and without DNA at 298 "K (Fluid) and at 77 O K  (Rigid) in 90% HzSO4 
and in n-Heptane at 298 OK along with the Fluorescence Quantum Yields (@f) and Lifetimes ( T f )  of the Excited Free and DNA-Bound 
Probes 


In Water, pH 6.9, T = 298 O K  In 90% HzS04, In n-heptane, 
With 1 X M In Water, pH 6.9, T = 77 O K  7' = 298 O K ,  T = 298 OK, 


Without DNA DNA Without DNA With 1 X lO+M DNA without DNA without DNA 


I 
A j  (nm) = 452 (max) A j  (nm) = 454 


Tf = 16.6 nsec 


A j  (nm) = 437 


Tf = 21.5 nsec 


Af (nm) = 415,437 (rnax), A;(nm) = 422,444 (rnax), A j  (nm) = 524 A j  (nm) = 390 (max), 414, 
( m a d  and 456 and 465 (max) and 439 


$If = 0.22 #f = 0.18 
= 23.1 nsec 


Af (nm) = 392 (rnax) and 
(mad  (max) 414 (mad  (mad  


I1 
A, (nm) = 400 and 417 


Tf = 3.0 nsec 


A2nm) = 398 and 419 A j  (nm) = 480 A j  (nm) = 388 and 424 


# j  = 0.03 $f = 0.14 


to the 'Lb - ' A  transition. The highly structured absorption band of the 
protonated probe is only slightly red shifted relative to the corresponding 
vibrational features in the unprotonated probe and corresponds to the 
'La - ' A  transition. A small blue shift of the absorption spectrum of I 
is observed going from water to n-heptane, reflecting the lower polarity 
of the hydrocarbon solvent, which destabilizes the highly polar excited 
states involved in absorption relative to  the aqueous solvated excited 
states (15). 


The fluorescences of I and its conjugate acid in fluid aqueous solutions 
are unstructured and occur far downfield from the corresponding ab- 
sorption spectra (i.e., they are highly Stokes shifted). As in the absorption 
spectrum, the fluorescence of the protonated form lies a t  much longer 
wavelengths than that of I itself. In frozen aqueous media and low di- 
electric media, the fluorescence spectrum of I blue shifts dramatically 
and becomes highly structured relative to the fluorescence spectrum in 
fluid water. By freezing the aqueous solution of I to rigidity, the molecule 
is "locked" into the equilibrium ground-state geometrical and solvent 
configurations. As a result of locking the fluorescing molecule into the 
ground-state geometry and solvent cage, fluorescence originates a t  a 
higher potential energy than i t  would under fluid conditions, causing the 
blue shift upon freezing. The elimination of thermal motion of the 
functional group and the solvent cage by freezing results in quantization 
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Figure I-Electronic absorption spectra o/ the spectroscopic probe I 
in aqueous solution ( A ) ,  in concentrated sulfuric acid ( B ) ,  and bound 
to D N A  (C). All spectra were taken a t  298 OK. 


of the vibrational structure of the ground state and, hence, the highly 
structured spectrum. 


In heptane, the nonpolar solvent interacts very weakly with the 
ground-state or excited molecule (161, so that the effect of solvent re- 
laxation in the excited state and of thermal motion of the ground-state 
solvent cage, even in fluid heptane, is small. Therefore, there is a higher 
energy and a higher degree of vibrational structure in the fluorescence 
of I in heptane relative to that in water. 


In anthracenes substituted in a-positions (1- and 9-positions), the 
transversely polarized 'La - ' A  transition is more affected by substit- 
uents and environmental perturbations than is the longitudinally po- 
larized ' L b  - ' A  transition. As a result, the lLa band loses vibrational 
structure and moves to longer wavelengths relative to its position in an- 
thracene while the 'Lb band retains structure and is only slightly affected 
(11-13). However, a qualification must be placed on this general state- 
ment. 


In 9-substituted anthracenes where the substituent groups are rela- 
tively bulky (e.g., COO-, COOH, COOR, and CONHz), steric hindrance 
arising from interaction between the bulky substituent in the 9-position 
and the peri hydrogen atoms in the 1- and 8-positions of the anthracene 
ring prevents the conjugation (coplanarity) of the exocyclic group in the 
9-position with the anthracene ring (17,18). In this case, the 9-substituent 
produces a weak perturbation and results in absorption spectra almost 
identical with those of anthracene: highly structured, shifted slightly to 
longer wavelengths, and insensitive to changes in the electric field pro- 
duced by varying the dielectric strength of the solvent or the state of 
protonation of the exocyclic group (16-19). However, in the 'La state, 
the charge distribution is more stabilized by conjugation of the exocyclic 
group with the anthracene ring than in the ground state and the gain of 


350 400 450 
WAVELENGTH,  nm 


Figure %-Electronic absorption spectra of the spectroscopic probe II 
in aqueous solution ( A ) ,  in concentrated sulfuric acid ( B ) ,  and bound 
to D N A  (C). All spectra were taken a t  298 "K.  
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Figure 3-Fluorescence spectra of the spectroscopic probe I in aqueous 
solution ( A ) ,  in concentrated sulfuric acid (B) ,  and bound to DNA (C). 
All spectra were taken at  298 OK. 


resonance energy attending conjugation may be sufficient to overcome 
the steric barrier to coplanarity, so that rotation of the 9-substituent into 
coplanarity with the ring may occur during the lifetime of the excited 
state. 


The fluorescences from these compounds are usually diffuse and 
shifted to much longer wavelengths than in anthracene (17). Normally, 
the greater the positive charge on the exocyclic group in the 9-position, 
the greater is the tendency of electronic charge to be transferred to the 
exocyclic group and the smaller is the steric barrier to conjugation. Thus, 
in 9-anthroic acid and its cation, fluorescence is diffuse and lies at much 
longer wavelengths than in anthracene. However, in the 9-anthroate 
anion, the fluorescence is anthracene-like in appearance as a result of the 
failure of the carboxylate group to rotate into coplanarity with the an- 
thracene ring during the lifetime of the 'L ,  state (17). 


In amide 11, the failure of the bulky substituent in the 9-position to 
conjugate in the ground state is evident from the highly structured, an- 
thracene-like absorption spectrum of the unprotonated amide. Proton- 
ation of I1 results in a slight red shift of the long wavelength end of the 
absorption spectrum and some loss of vibrational structure. This result 
suggests better conjugation of the protonated exocyclic group with the 
anthracene ring. However, the small change in the absorption spectrum 
of I1 upon protonation, relative to that of I upon protonation, suggests 
that the exocyclic group of protonated I1 is not quite coplanar with the 
anthracene ring. The extremely small blue shift of the absorption spec- 
trum of I1 going from water to heptane is reasonable in light of the low 
polarity of heptane and the lack of conjugation of the exocyclic group, 
which is the primary site of solvation, with the anthracene ring. 


The blue shiftings of the fluorescence spectrum of I1 going from fluid 
water to rigid water or fluid heptane result from the same cause as pre- 
viously described for I. The smallness of the shifts in this case is due to 
the fact that I1 is not well conjugated, even when fluorescence occurs in 
fluid solution. Therefore, the elimination of thermal relaxation by freezing 
or low solvent polarity is less pronounced than in the highly conjugated 
I. Protonation of I1 does result in a substantial red shift and loss of 
structure in the fluorescence spectrum, indicating some degree of con- 
jugation between the exocyclic group and the anthracene ring. However, 
the shift in the fluorescence spectrum of I1 is much smaller than that 
occurring in I upon protonation. Even in the fluorescent state, the pro- 
tonated form of I1 probably does not have its anthracene ring and its 
carboxamido group perfectly coplanar. 
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Figure 4-Fluorescence spectra of the spectroscopic probe I1 in aqueous 
solution (A) ,  in concentrated sulfuric acid ( B ) ,  and bound to D N A  ( C ) .  
All spectra were taken at  298 OK. 


The binding of I and I1 to DNA results in a shifting of the absorption 
spectra to lower frequencies (longer wavelengths). In I, the long wave- 
length end of the absorption spectrum shifts slightly more in frequency 
than the short wavelength end (Table III), suggesting that the I L b  state 
is somewhat more affected than the IL, state. In 11, all vibrational fea- 
tures of the absorption spectrum are shifted in frequency by about the 
same amount. This result is unlike the spectroscopic effect resulting from 
transfer from water to a nonpolar solvent, which amounts to a slight blue 
shift of the absorption spectrum. Nor does it resemble the effect of pro- 
tonation of the amido groups in which the absorption spectra red shift 
but also undergo dramatic changes in appearance. 


Especially in 11, where the exocyclic group is not conjugated with the 
anthracene ring in the ground state, a DNA-induced displacement of the 
absorption, spectrum as large as that seen in Fig. 2 is not anticipated. It 
may, therefore, be concluded that the absorption spectral shifts produced 
by binding result primarily from the interaction of DNA with the ?r- 


electrons of the anthracene rings rather than with the carboxamido 
groups of I and 11. If the anthracene rings of I and I1 are, in fact, inter- 
calated between the base pairs of DNA, the interactions between the 
polymer and the aromatic portions of the probes could take several forms 
such as dative *-interaction with the electron-deficient purine and py- 
rimidine bases and dipole-dipole and dipole-induced dipole attraction. 
In addition, there would be mutual repulsion between the *-electrons 
of the anthracene rings and those of the purine and pyrimidine bases of 
DNA. 


The red shifting of the absorption spectra of the probes, upon binding, 


Table 111-Fre uency Shifts (AZa ) of the Discernible Vibronic 
Features of thef'isible Absorption Spectra of I and I1 upon 
Binding to DNA in Water at pH 6.9 


Without DNA - With DNA - 
A,, An, 
nm c m - 3  10-4 nm c m - G  10-4 cm-IX 10-4 


I 
386 2.59 398 2.51 
37 1 2.70 382 2.62 
358 2.79 365 . 


340 2.94 346 2.89 
3.03 330 TT 


328 3.05 


0.08 
~ .~ 0.08 
2.74 0.05 


0.05 
0.02 


11 - 
383 2.61 390 2.56 0.05 
364 2.74 371 2.70 0.04 
346 2.89 353 2.84 0.05 
331 3.02 337 2.97 0.05 
318 3.14 322 3.10 0.04 
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indicates that  either the excited states of the bound probes are more 
stabilized than the ground states by attractive forces or that the ground 
states are more destabilized by repulsive forces in the bound probes than 
are the excited states. The fact that the long wavelength side (lLb) of the 
absorption spectrum of I shifts farther to the red than the short wave- 
length side (‘La) indicates that  repulsive interaction between the K- 
systems is dominant in the spectrum. If I intercalates, with the carbox- 
amido group sticking out into the surrounding solution (as i t  should if 
the cationic side chain is to be associated with the phosphate backbone 
of the DNA), the ‘Lb - ‘A transition would transfer electronic charge 
away from the intercalated anthracene ring to the carboxamido group. 


The ‘La - ‘ A  transition would, however, occur entirely within the 
intercalated ring. In this case, there would be less interelectronic repulsion 
in the ‘Lb state than in the ‘La state, accounting for the greater red shift 
of the ‘ L b  band as a result of binding to DNA. The observed greater red 
shift of the ‘ L b  band in I cannot be explained in terms of the attractive 
forces between the anthracene ring and the purine and pyrimidine bases 
of DNA. With 11, the entire observed absorption in the 300-400-nm region 
originates from the ‘La - ‘ A  transition (the ‘Lb band is weak and hidden 
under the ‘La band), so that the fact that  all vibrational features of the 
absorption spectrum of I1 shift equally in frequency is not unexpect- 
ed. 


Since the fluorescence spectra taken in frozen media represent elec- 
tronic transitions of the fluorophore in the equilibrium ground-state 
environment, it is not surprising that the DNA-induced fluorescence 
spectral shifts of I and I1 in rigid media are similar to those observed for 
the absorption spectra in fluid media. However, the fluorescence spectra 
taken in fluid solutions are quite different. The fluorescence spectrum 
of I when bound to DNA is unstructured and close in position in the 
electromagnetic spectrum to the fluorescence of free I in fluid solution. 
The fluorescence of I1 when bound to DNA in fluid solution has lost its 
vibrational structure and is shifted to longer wavelengths. This phe- 
nomenon strongly suggests that, subsequent to excitation, the anthracene 
ring and the substituted carboxamido group in the 9-position have moved 
closer to coplanarity than in the ground state. Both of these observations 
are indicative of thermal relaxation in the time between absorption and 
emission. 


In I, where the conjugation of the exocyclic group and the aromatic ring 
is appreciable even in the ground state, thermal relaxation in the excited 
state is primarily derived from the reorientation of the solvent cage 
around the carboxamido group. In 11, the predominant effect is that  the 
anthracene ring and the 9-carboxamido function come into better con- 
jugation subsequent to absorption and prior to fluorescence. Solvent 
reorientation alone would not produce much of a change in the fluores- 
cence spectrum of I1 if the carboxamido group and the anthracene ring 
were perpendicular (or nearly so) with respect to one another. This means 
that intercalated I1 has some freedom of rotation about the bond joining 
the anthracene ring to the carboxamido group. 


I t  is interesting that I1 does not become conjugated in the excited state 
in heptane or water but does when bound to DNA. In a previous study 
(18), 9-anthracenecarboxamide, a more basic, less hindered precursor 
of I1 that  does not bind to DNA, became conjugated in the excited state 
in aprotic solvents but not in water due to steric interference by the 
aqueous solvent cage around the carboxamido group. The failure of I1 
to become conjugated in the excited state in water or heptane is likely 
due primarily to the steric restrictions brought about by the bulky side 
chain substituted onto the basic anthracene structure and the short 
lifetime of the excited probe. However, the lifetime of the lowest excited 
singlet state of I1 increases about sevenfold and its fluorescence efficiency 
increases about fivefold as a result of binding (Table 11). 


The reciprocal of the lifetime of the lowest excited singlet state is the 
sum of the unimolecular rate constants for fluorescence, internal con- 
version, and singlet-triplet intersystem crossing. For I1 in fluid aqueous 
solution, this quantity is 3.3 X los sec-’; for I1 bound to DNA, it is 4.65 
X lo7 sec-’. Moreover, the ratio of the quantum yield of fluorescence to 


the lifetime of the lowest excited singlet state is the rate constant for 
fluorescence alone ( i e . ,  the rate constant for deactivation if fluorescence 
is the only process deactivating the lowest excited singlet state). For I1 
in fluid aqueous solution, the rate constant for fluorescence is 1.0 X lo7 
sec-’; for I1 bound to DNA, i t  is 6.5 X 106 sec-’. 


The sum of the rate constants for radiationless deactivation of I1 in 
fluid aqueous solution and bound to DNA are 3.2 X lo8 and 4.0 X lo7 
sec-’, respectively. Since no phosphorescence was observed for any of 
the species at 77 O K ,  it may be assumed that radiationless deactivation 
is mainly limited to internal conversion, i.e., radiationless deactivation 
due to molecular motion. Since the rate of internal conversion is, in this 
case, the dominant factor governing the lifetime of the excited state, it 
is reasonable to surmise that the slower nonradiative deactivation of the 
singlet state of I1 resulting from binding to DNA is the result of the de- 
creased freedom of molecular motion. Probably this entails minimization 
of the random motion of the alkyl side chain by “pinning” to the DNA 
phosphate backbone and the entrapment of the anthracene ring of I1 in 
the helix, The greater lifetime and the restricted motion of the side chain 
of photoexcited bound 11 provide a satisfactory explanation for the oc- 
currence of excited-state conjugation in the DNA-bound probe. 
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Evaluation of Immunosuppressive Potential of 
Cryogenine Using Developing and 
Established Adjuvant Arthritis in Rats 


WILLIAM C. WATSON * and MARVIN H. MALONE 


Abstract 0 Both developing (Days -1-+12 relative to inoculation) and 
established (Days +18-+29) stages of Mycobacterium butyricum adju- 
vant-induced polyarthritis in rats were treated orally with cryogenine 
(100 mg/kg/day), a prototype anti-inflammatory (phenylbutazone, 100 
mglkglday), or a prototype immunosuppressive (cyclophosphamide, 6 
mg/kg/day). During developing adjuvant arthritis, cryogenine and phe- 
nylbutazone significantly reduced the nonimmune-mediated inflam- 
mation in the inoculated hindpaw. Neither cryogenine nor phenylbuta- 
zone provided protection against the development of the delayed-onset, 
immune-mediated inflammation and the reduction in growth rate seen 
after Day +12 in unmedicated rats. Cyclophosphamide failed to reduce 
the nonimmune-mediated inflammation, but it provided significant 
protection against both the delayed-onset, immune-mediated inflam- 
mation and the reduced growth rate. During established adjuvant ar- 
thritis, cryogenine and phenylbutazone were effective against the es- 
tablished inflammation, while cyclophosphamide was ineffective. These 
results confirm the known anti-inflammatory and immunosuppressive 
activities of phenylbutazone and cyclophosphamide, respectively, and 
indicate that cryogenine lacks immunosuppressive capability a t  the ef- 
fective anti-inflammatory dosage level used. 


Keyphrases Cryogenine-immunosuppressive activity evaluated in 
developing and established adjuvant arthritis, rats Immunosuppressive 
activity-cryogenine evaluated in developing and established adjuvant 
arthritis, rats Anti-inflammatory activity-cryogenine evaluated in 
developing and established adjuvant arthritis, rats 


Cryogenine' (I), an isoquinolizidine lactone, mol. wt. 
435.53, has been shown to be effective against adjuvant- 
induced polyarthritis in the rat (1). Protection was pro- 
vided against the disseminated lesions during therapy, and 
a continued anti-inflammatory effect was noted after 
discontinuance of therapy. Because the disseminated le- 
sions are thought to be immune mediated (2), it was con- 
sidered possible that part of the pharmacological activity 
of I might be attributable to immunosuppression. Earlier 
investigations documented the anti-inflammatory effec- 
tiveness of I in experimental models of nonimmune- 
mediated inflammation: yeast-induced foot edema (3), 
cotton-pellet granuloma (4), carrageenan-induced foot 
edema (4-6), and UV-induced erythema (7). 


The immune basis of various animal and human in- 
flammatory conditions and the efficacy of immunotherapy 
in such conditions have been established (8). Perper et al. 
(9) were able to discriminate between clinically effective 
immunosuppressive agents and anti-inflammatory drugs 
by selectively treating animals during either the developing 
(Days 0-+12 relative to inoculation) or established (Days 
+18-+29) stages of adjuvant-induced arthritis. The 
present investigation attempted to determine the immu- 
nosuppressive capability of I in the intact rat using the 
experimental design employed by Perper et al. (9). 


1 For structure, see Tetrahedron Lett., 30,3641 (1966). This drug is not to be 
confused with the trade name product Cryogihine (phenylsemicarbazide, mol. wt. 
151.2) distributed by Laboratoires Sarhach, ChBtiIlon, France. 
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EXPERIMENTAL 


Animals-Approximately 7-week-old, male, Sprague-Dawley albino 
rats, 120-170 g, were allowed to acclimate for a t  least 6 days prior to ex- 
perimentation. Body weights were checked for normal growth patterns. 
The animals were supplied with block lab chow2 and water ad libitum. 


Adjuvant Preparation and Inoculation-Heat-killed, desiccated 
Mycobacterium butyricum3 was triturated initially with light mineral 
oil and then homogenized in a tissue homogenizer equipped with an 
electrically driven pestle (about 10 complete strokes with the pestle 
spinning at  approximately 1500 rpm). The finely divided suspension was 
autoclaved at  49' at 20 psi for 20 min. The final adjuvant preparation 
represented 5 mg of M. butyricumlml of oil (10). 


On Day 0, animals were lightly anesthetized with pentobarbital sodium 
(30 mg/5 ml/kg ip), and adjuvant then was injected intradermally (0.05 
ml) under the subplantar surface of the right hindpaw in the metatarsal 
region. Positive controls and drug-treated animals received the adjuvant 
inoculation, while negative controls received only a subplantar injection 
of light mineral oil. 


Drugs-The following drugs were used I base' (100 mg/kg/day), 
phenylb~tazone~ (100 mg/kg/day), and cyclophosphamide6 (6 mg/kg/ 
day). Each was suspended or dissolved in aqueous 0.25% agar7 and orally 
administered in a dosage volume of 10 ml/kg. Negative and positive 
controls received 10 ml/kg of the agar vehicle only. 


Developing Adjuvant Arthritis-Animals were randomly divided 
into the various treatment groups, 10 animals/group (except the negative 
control group which consisted of 12 animals). On Day -I, rats were dosed 
with either the agar vehicle or one drug treatment. Dosing continued once 
daily through Day +12. 


Established Adjuvant Arthritis-Ten animals were randomly se- 
lected and designated as negative controls. The remaining animal pop- 
ulation was inoculated with adjuvant. On Day +18, atlimals with left 
hindpaw volumes between 2.09 and 4.35 ml were randomly assigned 
(block randomization) to a treatment group, 10 animals/group. Animals 
were dosed with either the agar vehicle or a test drug, beginning on Day 
+18 and continuing daily through Day +29. 


Evaluation of Adjuvant Arthritis-Experimental measurements 
began just prior to the inoculation and were repeated every 3rd day 
thereafter. Drug effects were assessed according to changes in body 
weight, generalized inflammatory symptoms, and hindpaw volume. 
Generalized inflammatory symptoms were evahated according to a 
subjective scoring system similar to systems used previously (1,ll-13). 
Each of the three anatomical regions of both the forepaws (carpal, me- 
tacarpal, and phalanx) and the hindpaws (tarsal, metatarsal, and pha- 
lanx) was graded with respect to the severity of swelling (range 0-2); each 
forepaw or hindpaw was separately graded with respect to the severity 
of erythema (range 0-2); the tibiotarsal joints of both hindpaws were 
individually graded with respect to the degree of dorsiflexion (0 = 150' 
of movement, 1 = >60-<150', 2 = 30-60°, and 3 = <30°); the tail was 
graded with respect to both the severity of swelling (range 0-2) and the 
number of nodules (range 0-2); and the auricles of both ears were sepa- 
rately graded with respect to both the severity of erythema (range 0-2) 
and the number of nodules (range 0-2). 


With this scoring system, an animal on a given day could develop an 
inflammogram score ranging from 0 to 50. Volumes for both the inocu- 
lated and the contralateral hindpaws were determined to the top edge 
of the lateral malleolus using a mercury-displacement technique similar 


Purina Laboratory Chow. 
No. 0640-33, Difco Laboratories, Detroit, Mich. 
Isolated from the Mexican plant, Heimia salicifolia Link & Otto, in this labo- 


ratorv. 
C<iba Pharmaceutical Co., Summit, N.J. 


No. 0140-01, Difco Laboratories, Detroit, Mich 
6 Mead Johnson Laboratories, Evansville, Ind. 







Table I-Drug Effects on Inflammogram Scores in DeveloDinP Adjuvant Arthritis a 


Positive Control, Cryogenine, 100 mglkg Phenylbutazone, 100 mglkg Cyclophosphamide, 6 mglkg 
Day Mean Score f SE Mean Score f SE Inhibition, % Mean Score f SE Inhibition, % Mean Score f SE Inhibition, % 


+3 
+6 
+9 


+12 
+15 + 18 
+21 
+24 
+27 
t 30 


5.2 f 0.3 4.6 f 0.3 -12 4.2 f 0.2 -19b 6.1 f 0.3 - 
6.1 f 0.6 4.8 f 0.4 -21 3.7 f 0.4 -39' 6.6 f 0.4 - 
6.3 f 0.6 4.5 f 0.4 -28' 4.1 f 0.5 -356 6.7 rt 0.4 - 


10.2 f 2.0 8.3 f 1.7 -19 6.5 f 1.1 -36 6.1 f 0.4 -40 
14.8 f 2.7 13.2 f 2.7 -11 - 6.4 f 0.5 -576 15.3 f 1.9 


- 9.0 f 2.0 -49b 17.6 f 3.0 16.7 f 2.7 -5 17.6 f 2.4 
18.0 f 2.4 18.0 f 2.4 - 15.6 f 2.1 -13 10.4 f 2.4 -426 
16.4 f 3.0 17.1 f 2.8 - 14.2 f 1.9 -13 4.8 f 0.7 -71' 
15.3 f 2.9 14.9 f 2.0 -3 13.0 f 1.8 -15 5.0 f 0.7 -67' 
14.6 f 3.3 14.3 f 2.2 -2 12.1 f 2.1 -17 6.4 f 1.8 -56 


Drugs administered orally daily from Day -1 throu h and including Day +12. The negative control mean score was zero at all times. * Significantly different from 
positive control values at p = 0.05. Very significantly jifferent from poaitive controls at p = 0.01. 


to the one described by Winter and Nuss (14). A dynographs connected 
to a strain-gauge pressure transducer9 was employed for recording 
hindpaw volumes. Drug effects were translated in terms of percentage 
change of increased hindpaw volume as described by Newbould (15): 


percentage change = 100 (1 - [ ( a  - x ) / ( b  - y ) ] )  (Eq. 1) 
where y is the mean hindpaw volume of positive control rate immediately 
prior to adjuvant inoculation, b is the mean hindpaw volume of positive 
control rats on a particular day, z is the mean hindpaw volume of drug- 
tre,ated rats immediately prior to adjuvant inoculation, and a is the mean 
hindpaw volume of drug-treated rats on a particular day. Statistical 
analyses were generated using the Student t test. 


RESULTS AND DISCUSSION 


Treatment of Developing Adjuvant Arthritis-The inoculation 
of the rat hindpaw with adjuvant initially produces a nonimmune-me- 
diated acute inflammatory reaction (16,17). This reaction, characterized 
by swelling and erythema of the inoculated hindpaw, usually reaches 
maximum intensity between 6 and 9 days after injection. The course of 
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DAYS AFTER ADJUVANT INOCULATION 
Figure 1-Drug effects on inoculated hindpaw volume during devel- 
oping adjuvant arthritis. Key: 0, negative control (10 mllkglday agar 
vehicle); A, positive control (10 mllkglday agar vehicle); 0, cryogenine 
(100 mglkglday); V, phenytbutazone (100 mglkglday); and 0 ,  cycto- 
phosphamide (6 mglkglday). Vertical bars indicate *SE. Solid symbols 
indicate values significantly different from positive control values a t  
p 50.05. 


8 Beckman RS. 
Statham. 


this acute reaction in the positive control animals can be seen in Fig. 1 
(inoculated hindpaw volume) and Table I (inflammogram). Because the 
swelling and erythema represent symptoms of nonimmune-mediated 
inflammation, any drug reducing these symptoms may be considered to 
have anti-inflammatory activity (9). 


Phenylbutazone significantly reduced inoculated hindpaw volume on 
Days +3 (53% inhibition), +6 (46%), and t 9  (38%), and a significant re- 
duction of the inflammogram score was noted on these days. Cyclo- 
phosphamide, a clinically effective immunosuppressive agent, was in- 
active against the nonimmune-mediated inflammatory symptoms. 
Compound I was significantly effective against inoculated hindpaw 
swelling on Days +3 (26% inhibition), +6 (32%), +9 (36%), and +12 (31%) 
and significantly reduced the inflammogram score on Day +9. 


The secondary increase in hindpaw volume seen beginning on Day +I5 
(Fig. 1, positive controls) represents the development of immune-me- 
diated inflammation. The increases in both the contralateral hindpaw 
volume (Fig. 2, positive controls) and the inflammogram score (Table I, 
positive controls) beginning around Day +12 represent the dissemination 
of the immune response (18, 19). Collectively, these delayed-onset 
symptoms in the rat represent the adjuvant arthritis syndrome (20). This 
syndrome has been linked to a delayed hypersensitivity reaction specif- 
ically triggered by sensitized lymph node cells released into the circulation 
between Days +8 and t 1 4  (19). 
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DAYS AFTER ADJUVANT INOCULATION 
Figure 2-Drug effects on contralateral hindpaw volume during de- 
veloping adjuvant arthritis. Key: 0, negative control (10 mllkglday agar 
vehicle); A, positive control (10 mllkgltlay agar vehicle); 0, cryogenine 
(100 mglkglday); V, phenylbutazone (100 mglkglday); and 0 ,  cyclo- 
phosphamide (6 mglkglday). Vertical bars indicate f SE. Solid symbols 
indicate values significantly different from positive control values at 
p 5 0.05. 
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Table 11-Drug Effects on Body Weight in Developing Adjuvant Arthritis a 


Mean Body Weight, g f SE 
Day Negative Control Positive Control Cryogenine, 100 mglkg Phenylbutazone, 100 mglkg Cyclophosphamide, 6 mg/kg 


0 152 f 3 142 f 4 140 f 5 148 f 5 155 f 2 
+3 166 f 4 b  148 f 4 140 f 5 153 f 5 154 f 4 
+6 189 f 56 163 f 5 158 f 4 174 f 6 171 f 4 
+9 213 f 6c 179 f 5 175 f 5 194 f 7 187 f 5 


+12 235 f 7c 188 f 7 182 f 5 210 f 8 203 f 6 
+15 256 f SC 198 f 9 191 f 5 220 f 8 219 f 6 
+18 280 f 7c 199 f 11 195 f 8 218 f 9 229 f Sd 
+21 291 f loc 204 f 14 200 f 11 225 f 11 243 f gd 
+24 308 f l l c  207 f 17 194 f 12 236 f 10 256 f lod 
+27 331 f loc 214 f 18 204 f 14 247 f 11 272 f 12d 
+30 344 f 10" 236 f 19 217 f 18 260 f 12 295 f 13d 


Drugs administered orally daily from Day -1  through and including Day +12. Very significantly different from positive control values a t  p = 0.01. Very highly 
significantly different from positive control values a t  p = 0.001. Significantly different from positive control values at p = 0.05. 


A drug that prevents the development of this syndrome when admin- 
istered just up to the expected appearance of the associated inflammatory 
symptoms may be considered to have immunosuppressive activity (9). 
In the present study, cyclophosphamide was significantly effective in 
preventing the development of the delayed-onset, immune-mediated 
inflammatory syndrome. With respect to inoculated hindpaw volume 
(Fig. l), cyclophosphamide pretreatment prevented the secondary in- 
crease. This reduction reached statistical significance on Day +21 (37% 
inhibition). 


The total volume increase for the inoculated hindpaw seen after Day 
+12 (Fig. 1, positive controls) represents the sum of the residual non- 
immune inflammatory effects resulting from the trauma of inoculation 
plus the immune-mediated inflammatory effects resulting from the de- 
layed hypersensitivity reaction. In contrast, the increased volume of the 
contralateral hindpaw seen after Day +12 (Fig. 2, positive controls) can 
only represent immune-mediated inflammation (9). Cyclophosphamide 
significantly prevented the development of contralateral hindpaw edema 
(Fig. 2) on Days +12 (80% inhibition), +15 (85%), +18 (73%), +21(77%), 
and +24 (78%). In addition, dissemination of immune-mediated in- 
flammatory lesions to the forepaws, ears, and tail was significantly re- 
duced beginning on Day +15 (Table I, inflammogram). 
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Body weights for animals during developing adjuvant arthritis are 
recorded in Table 11. Growth rates for positive controls were significantly 
less than those for uninoculated negative control animals. These results 
are similar to those reported by others (1,20). An observable reduction 
in growth rate is consistent with an ongoing, chronic, inflammatory dis- 
ease. A drug treatment that  prevents the development of the immune- 
mediated inflammatory syndrome, therefore, should prevent this reduced 
growth rate. Cyclophosphamide-pretreated animals grew a t  a signifi- 
cantly greater rate relative to the positive controls beginning on Day +18 
(Table 11). This effect on growth rate remained statistically significant 
through Day +30. 


Phenylbutazone and I were ineffective in preventing the development 
of the immune-mediated inflammatory syndrome (Fig. 1, inoculated 
hindpaw volume; Fig. 2, contralateral hindpaw volume; and Table I, in- 
flammogram) and in preventing the reduced growth rate (Table 11). 


Phenylbutazone treatment reduced the nonimmune-mediated acute 
inflammatory reaction in the inoculated hindpaw but failed to prevent 
the development of the immune-mediated inflammatory syndrome. 
Cyclophosphamide treatment failed to reduce the nonimmune-mediated 
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Figure 3-Drug effects o n  inoculated hindpaw uolume during estab- 
lished adjuvant arthritis. Key:  0, negative control (10 mllkglday agar 
vehicle); A, positive control (10 mllkglday agar uehicle); 0, cryogenine 
(100 mglkglday);  V, phenylbutazone (100 mglkglday);  and 0, cyclo- 
phosphamide (6 mglkglday). Vertical bars indicate f SE. Solid symbols 
indicate values significantly different f r o m  positive control ualues a t  
p 5 0.05. 
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Figure 4-Drug e f fec ts  o n  contralateral hindpaw uolume during es- 
tablished adjuuant arthritis. Key:  0, negatiue control (10 mllkglday 
agar uehicle); A, positive control (10 mllkglday agar uehicle); 0, cryo- 
genine (100 mglkglday);  V, phenylbutarone (ZOO mglkglday);  and 0, 
cyclophosphamide (6 mglkglday) .  Vertical bars indicate fSE. Solid 
symbols indicate values significantly di f ferent  from positiue control 
values a t  p 50.05. 
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Table 111-Drug Effects on Inflammogram Scores in Established Adjuvant Arthrit is  


Cryogenine, 100 mg/kg Phenylbutazone, 100 mg/kg Cyclophosphamide, 6 mg/kg 
Positive Control, Mean Score Mean Score Mean Score 


Day Mean Score f SE f SE Inhibition, % f SE Inhibition, % f SE Inhibition, % 


+7 4.1 f 0.4 5.7 f 0.4n - 4.6 i 0.7 - 4.7 f 0.8 - 
+13 11.1 f 2.2 16.8 f 2.4 - 13.6 3~ 2.2 - 13.3 f 1.9 - + 16 18.3 f 2.6 21.9 f 2.7 - 20.7 f 3.0 - 18.1 f 2.3 - + 19 20.3 f 2.0 21.9 f 2.7 - 19.6 f 2.5 -3 19.4 f 2.0 -4 
+22 19.4 f 1.5 20.1 f 2.3 - 18.4 f 2.0 -5 19.3 f 1.9 - 


+28 19.9 f 1.6 18.5 f 2.7 -7 14.4 f 2.2 -28 18.0 f 2.9 -10 
+25 20.1 f 1.5 18.3 f 2.5 -9 16.6 f 2.0 -17 16.5 f 2.6 -18 


+31 20.1 f 1.7 16.1 f 3.0 -20 13.6 f 1.8 -32 16.8 f 3.0 -16 
0 Drugs administered orally daily from Day +18 through and including Day +29. The negative control mean score was zero at all times. * Significantly different from 


positive control values a t  p = 0.05. 


Table IV-Drug Effects on Body Weight in Established Adjuvant Arthrit is  * 
Mean Body Weight, g f SE 


Day Negative Control Positive Control Cryogenine, 100 mg/kg Phenylbutazone, 100 mg/kg Cyclophosphamide, 6 mg/kg 


0 137 f 4 
+7 191 f 7 


+I3 237 f 9 


143 f 3 
180 f 5 
205 f 6 


+16 261 f loc 203 f 6 
+19 281 f 10‘ 198 f 6 
+22 298 f 1lC 194 f 7 
+25 310 f 12c 200 f 8 
+28 323 f l lc 208 f 10 
+31 329 f 12c 212 f 12 


Drugs administered orally daily from Day +18 through 
different from positive control values a t  p = 0.001. 


143 f 4 
173 f 4 
183 f 5b 
177 f 7b 


164 f gb 
169 f lob 
174 f 13b 
174 f 16 


171 f a b  


145 f 4 
175 f 5 
189 f 6 
196 f 10 
187 f 9 
192 f 12 
208 f 12 
209 f 14 
231 f 15 


143 f 5 
177 f 5 
194 f 6 
186 f 6 
180 f 7 
178 f 9 
181 f 11 
184 f 13 
204 f 14 


and including Day +29. b Significantly different from positive control 


acute inflammatory reaction but prevented the development of the sec- 
ondary immune-mediated syndrome. These results are in agreement with 
those observed previously (9). Results for I tended to parallel those of 
phenylbutazone. The activity observed against the nonimmune-mediated 
inflammatory reaction is consistent with the results recorded by Kosersky 
et at. (1). 


Treatment of Established Adjuvant Arthritis-Sensitized lymph 
node cells are released into the circulation up to Day +14 (19). Pharma- 
cological treatment during Days +18-+30 (i.e., after the immunologically 
related induction period) should then detect only drugs having anti- 
inflammatory activity (9). However, this interpretation should be made 
cautiously, since ( a )  established adjuvant arthritis may be partially 
sustained by an autoimmune mechanism similar to the one proposed for 
rheumatoid arthritis (21-23), and ( b )  the hepatic microsomal mixed- 
function oxidase system is impaired in adjuvant arthritic rats during the 
established period of the disease (24). 


In the present study, phenylbutazone treatment during Days +18 
through +29 was significantly effective in reducing the already estab- 
lished chronic inflammation. Inoculated hindpaw volume (Fig. 3) was 
significantly reduced on Days +22 (37% inhibition), +25 (46%), +28 
(50%), and +31 (45%). Contralateral hindpaw volume (Fig. 4) was sig- 
nificantly reduced on Days +22 (40% inhibition), +25 (44%), and +28 
(52%). In addition, the inflammogram score (Table 111) was significantly 
reduced on Day +31 (32% inhibition). Cyclophosphamide was ineffective 
against all of these experimental parameters. These results are in essential 
agreement with those of Perper et al. (9). 


Treatment with I significantly reduced inoculated hindpaw volume 
(Fig. 3) on Days +28 (25% inhibition) and +31 (33%), but the apparent 
effects on contralateral hindpaw swelling (Fig. 4) and on the inflammo- 
gram score (Table 111) were statistically not significant. Animals desig- 
nated for treatment with I weighed significantly less than positive controls 
prior to the dosing period (Days +13 and +16) (Table IV). These animals 
continued to weigh significantly less through Day +28. The inflammo- 
gram score (Table 111) was significantly greater prior to the dosing period 
(Day +7) for this same group of animals. On Day +18, the population of 
positive controls was randomly divided into the various drug treatment 
groups on the basis of an equivalent range of contralateral hindpaw 
swelling ( i e . ,  2.09-4.35 ml). By chance, animals designated for I treat- 
ment may have been stronger reactors to the adjuvant inoculation. This 
possibility seems to explain the weight loss observed during drug treat- 
ment and accounts for why the drug’s anti-inflammatory activity was less 
than expected. Previous investigators documented a weight gain for 
adjuvant-arthritic animals treated daily for 20 days with 100 mg/kg PO 
of I (1). Moreover, in a preliminary study using a small group of rats with 


values at p = 0.05. Very highly significantly 


established adjuvant arthritis, I at  100 mg/kg PO daily for 1 week appeared 
to reduce the already established inflammation (25). 


The overall results using both developing and established treatment 
models tend to substantiate the known anti-inflammatory and immu- 
nosuppressive roles of phenylbutazone and cyclophosphamide, respec- 
tively. Assessment of the overall activity of I during both developing and 
established treatment periods suggests the lack of an immunosuppress- 
ive-type capability and supports previous investigations that indicated 
a nonimmune-type anti-inflammatory action mechanism for I (3-7). 
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Calcium-Prostaglandin Aggregation and 
Its Effect on Prostaglandin Uptake by Isolated 
Rabbit Intestine 


ANWAR B. BIKHAZI*X, NABIL S. NADIR*, and 
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~ ~ ~ 


Abstract 0 A quantitative estimate of the role of calcium ions on the 
lipid-water partition coefficients of prostaglandin El and dinoprost 
suggested the possibility of prostaglandin molecules and calcium ions 
aggregating in a 14:l ratio to produce a lipid-soluble aggregate. The 
aggregation is postulated to be a characteristic of prostaglandin molecules 
as compared to simple fatty acids, e.g., 1-octanoic acid, which, in the 
presence of calcium, behave differently than the prostaglandins. The 
uptake of prostaglandins by the mucosal surface of the rabbit intestine 
increased in the presence of calcium. For example, a t  25 mM calcium, 
prostaglandin El was transported at  approximately twice the rate as in 
the system containing no calcium. The uptake rate of dinoprost was es- 
timated to be three times faster with 10 mM calcium than in the ab- 
sence of calcium. Therefore, it is proposed that a carrier-mediated dif- 
fusion process, for both the prostaglandin molecules and calcium ions, 
takes place in the uptake mechanism. Diffusion Coefficients ranging from 
0.48 X to 7.19 X cm2/sec and permeability coefficients ranging 
from 1.04 X to 15.6 X lo-* cm/sec were estimated for all systems 
studied. 


Keyphrases 0 Prostaglandin El-aggregation with calcium ions, effect 
on lipid-water partition coefficients and uptake by isolated rabbit in- 
testine 0 Dinoprost-aggregation with calcium ions, effect on lipid-water 
partition coefficients and uptake by isolated rabbit intestine 0 Calcium 
ions-aggregation with prostaglandin El  and dinoprost, effect on lipid- 
water partition coefficients and uptake by isolated rabbit intestine 0 
Partition coefficients, lipid-water-prostaglandin El and dinoprost, 
effect of aggregation with calcium ions Intestinal uptake, isolated- 
prostaglandin El and dinoprost, effect of aggregation with calcium 
ions 


Recent studies on the physical, physiological, and bio- 
chemical relationships between prostaglandin and calcium 
dealt with the cellular distribution of prostaglandins (l), 
the prostaglandin and cellular calcium interaction (2-5), 
and the effect of prostaglandin on the GI tract, including 
its influence on glucose, water, and electrolyte absorption 
(6-8). Very few studies attempted to explain the physical 
interaction between calcium and prostaglandins (9,lO). 


The present study attempts to explain the nature of this 
interaction and to correlate the data to prostaglandin 
uptake by the intestinal mucosa of the rabbit. 


EXPERIMENTAL 


Partition Coefficient-The n-octane1-water, 1 -octano12-water, and 
1-octanoic acid3-water partition coefficients of 5,6(r1)-~H-prostaglandin 
El4 (I) and 5,6,8,11,12,14,15(n)-3H-dinoprost (11) were measured as fol- 
lows. In 10-ml screw-capped test tubes, 2.0 ml of the oil phase and 2.0 ml 
of a pH 5 aqueous phase containing the desired amount of I (24.4 X 
mM), I1 (2.88 X mM), and calcium ions (2.5,5.0,10.0,25.0,40.0,50.0, 
75.0,100.0, 150.0, or 200.0 mM) were added. Prior to equilibration, ni- 
trogen gas was cautiously bubbled into each test tube to ensure the dis- 
placement of air from the upper void spaces. The test tubes were then 
tightly capped and attached with rubber bands to the shaft of a rotat- 
ing-bottle disintegration apparatusb. 


The apparatus with the test tubes was put in a stainless steel tank filled 
with water thermostatically controlled at  25'. The motor was allowed 
to rotate, mixing the two phases in the test tubes for 30 min. After 
equilibration, each test tube was detached from the apparatus and al- 
lowed to stand for 15 min at  25' for complete phase separation. Then 1.0 
ml of each oil and aqueous phase was individually pipetted and assayed 
for I and I1 in a three-channel liquid scintillation spectrometer6. The 
calculated partition coefficients were the averages of four samples for each 
oil-water system. 


The same procedure was followed for the estimation of the partition 
coefficient while varying the concentration of I and I1 and keeping the 
concentration of calcium ions constant (5 or 50 mM). 


Partition Coefficient of 1-Octanoic Acid-Since prostaglandins 
are considered to be fatty acids, it was essential to compare their partition 
behavior with that of a fatty acid such as 1-octanoic acid in the presence 
of calcium ions. A potentiometric method was used for the quantitative 
analysis of 1-octanoic acid in the aqueous phase. A standard aqueous 
I-octanoic acid solution (32.0 mM) was prepared and potenti~metrically~ 
titrated with 0.01 N sodium hydroxide. The standard solution was em- 
ployed as the aqueous phase in the partition experiments after the ad- 
dition of the desired amount of calcium ions (0,100, or 200 mM). The oil 
phase chosen was 1-octanol. 


Thus, for a single calcium-ion concentration system, two sets of 250-ml 
separators were prepared. For the 0 mM calcium system (A and A'), 
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Cholesterol Gallstone Dissolution Rate 
Accelerators I: Exploratory Investigations 


K. H. KWAN*, W. I. HIGUCHI*X, A. M. MOLOKHIA*, and 
A. F. HOFMANN* 


Abstract 0 Various compounds that might function as cholesterol 
gallstone dissolution accelerators were studied. The dissolution rates of 
cholesterol monohydrate pellets in synthetic bile (116 mM sodium cho- 
late-32 mM lecithin) containing the agent at various concentration levels 
were determined. In the absence of any dissolution rate accelerator, the 
dissolution kinetics for cholesterol previously were found to be interfacial 
resistance controlled, and the rates were around 20 times less than the 
diffusion-controlled rates in the present experiments. Primary, secon- 
dary, and tertiary amines and quaternary ammonium compounds were 
effective accelerators. When the alkyl chain lengths were long enough 
and/or when the agent concentrations were high enough, the dissolution 
rates generally approached diffusion-controlled rates. Steroidal amines 
generally had good activity. Anionic and nonionic surfactants had little 
or negative activity. 


Keyphrases Cholesterol monohydrate-pellets, dissolution rate in 
synthetic bile, effect of various nitrogen-containing compounds and 
surfactants 0 Dissolution rate-cholesterol monohydrate pellets, effect 
of various nitrogen-containing compounds and surfactants Gallstones, 
model-cholesterol monohydrate pellets, dissolution rate in synthetic 
bile, effect of various nitrogen-containing compounds and surfactants 


Bile, synthetic-dissolution rate of cholesterol monohydrate pellets, 
effect of various nitrogen-containing compounds and surfactants tl 
Amines and ammonium salts, various-effect on dissolution rate of 
cholesterol monohydrate pellets in synthetic bile 0 Surfactants, vari- 
ous-effect on dissolution rate of cholesterol monohydrate pellets in 
synthetic bile Steroids-cholesterol monohydrate pellets, dissolution 
rate in synthetic bile, effect of various nitrogen-containing compounds 
and surfactants 


Recent investigations (1-7) showed that a substantial 
interfacial resistance (or interfacial barrier) is associated 
with the in uitro dissolution of cholesterol gallstones and 
cholesterol monohydrate pellets in human and simulated 
bile (bile acid-lecithin solutions). The magnitudes of these 


transport resistances may be large enough (6,7) to affect 
significantly the rate of cholesterol stone dissolution in 
uioo. Accordingly, rate accelerators might have therapeutic 
value in decreasing the time required for total gallstone 
dissolution in patients receiving chenodeoxycholic acid. 


The purposes of this study were to explore the kinds of 
compounds that might function as cholesterol gallstone 
dissolution accelerators and to begin to define structure- 
activity relationships. 


EXPERIMENTAL 


Materials-Commercial cholesterol1 was recrystallized three times 
from 95% ethanol. Radioactive cholesterol monohydrate was prepared 
by mixing 5 g of the recrystallized cholesterol with 100 pCi of a benzene 
solution of 4-14C-cholestero12 in 400 ml of 95% ethanol at 60’. This so- 
lution was filtered while hot, and the filtrate was allowed to stand for 48 
hr at  room temperature. Then the cholesterol monohydrate crystals were 
filtered and dried in uacuo for 24 hr. The crystals obtained were stored 
in the dark in a desiccator saturated with water vapor a t  room tempera- 
ture. 


NMR studies quantitatively confirmed the monohydrate nature of the 
crystals. TLC studies indicated the absence of any impurities (8). X-ray 
crystallography3 studies indicated that the crystals were indeed choles- 
terol monohydrate crystals and that they had a lattice system similar to 
that of cholesterol found in human biliary calculi (9). If exposed to low 
humidity and light, these crystals lose their water content readily. 


Sodium cholate‘ and the a m i n e s l ~ ~ * ~ * ~  were analytical grade and were 
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Table I-Effect of Primary Amines (34 mM) on Dissolution Rate  of Cholesterol Monohydrate in 116 m M  Sodium Choiate-32 mM 
Lecithin Solution Buffered with 0.10 M Phosohate at DH 7.40 and  37" 


V I A )  x 104, 
mg/cm* cs , D X lo6, x 10-3, (h/D) X 


ComDound sec mdml  cmz/sec sec/cm seclcm 
( 1 ~ )  x 10-3, 


sec/cm 


- 


Ia 
Ib 
Ic 
Id 
Ie 


0.96 
4.77 
5.98 
5.35 
7.40 


12.75 


3.00 1.50 31.5 
3.20 1.50 6.71 
3.70 1.44 6.19 
3.52 1.41 6.58 
4.25 1.35 5.74 
4.93 1.29 3.87 


1.84 
1.84 
1.92 
1.96 
2.04 
2.14 


29.66 
4.87 
4.27 
4.62 
3.70 
1.73 


h = 27.6j1m for the prevailing hydrodynamic conditions. 


used as received. Egg lecithin was prepared by the method of Small et 
al. (lo), except that commercial egg lecithin of purified grade4 was used 
as the starting material. The cholylamine7, 20,25-diazacholesterol hy- 
drochloride7, and 3-amino-7a,l2a-dihydroxy-5~-cholanoic acidE (12) 
were used as received. 


Cholylcholamine was synthesized9 as described by Lack and Weiner 
(1 1). 6-Aminohexanoic acid', sodium N-lauroyl sarcosinatelO, polysorbate 
801 l, sodium lauryl sulfate5, and sodium laurate5 were analytical grade 
and were used as received. 


Methods-The procedures adopted for the determination of the 
cholesterol monohydrate solubility, dissolution rate, and diffusivity in 
the solvent media were described previously (1). In this study, a synthetic 
bile system of 116 mM sodium cholate and 32 mM lecithin in 100 mM 
phosphate buffer, pH 7.4, was used. This system is believed to simulate 
the average human gallbladder bile concentrations of total bile acids and 
lecithin as well as the pH. 


The experimental data are presented as J / A ,  the dissolution rate per 
unit surface area; C,, the equilibrium solubility; and R ,  the total resistance 
to  cholesterol dissolution calculated from the following equation: 


(Eq. 1) 


with c b ,  the initial cholesterol concentration in the bulk, equal to 
zero. 


Equation 1 was derived by Berthoud (13), and R was given as: 
h 1  
D P  


R = - + -  


where h is the effective diffusion layer thickness, D is the diffusivity, and 
P is the effective permeability coefficient of the interfacial barrier. The 
terms h/D and 1/P represent the contribution to the total resistance from 
the diffusion-convection and the interfacial barriers, respectively. 


RESULTS 


Straight-chain aliphatic primary (Ia-Ie), secondary (IIa and IIb), and 
tertiary (IIIa-IIIc) amines; quaternary ammonium salts (IVa-IVd, Va, 
and Vb); steroidal amines (VIa-VId); long chain nitrogen-containing 
compounds [6-aminohexanoic acid (VIIa) and sodium N-lauroyl sar- 
cosinate (VIIb)]; one nonionic surfactant (polysorbate 80); and two an- 
ionic surfactants (sodium lauryl sulfate and sodium laurate) were 
screened for acceleration activity. Table I shows the effects on cholesterol 
dissolution rate, solubility, and dissolution resistance when primary al- 
kylaakes were added to the synthetic bile system. The addition of 34 
mM n -hexylamine (Ia) to the sodium cholate-lecithin solution lowered 
the total resistance, R,  by a factor of about 5. Increasing the number of 
carbon atoms of the amine and keeping the concent,ration constant de- 
creased R and UP. However, from c6 to Cg (Ia-k), these decreases with 
increasing chain length were rather modestuiz., 10-20% in R per carbon 
atom. A much larger effect upon R was observed for the Clo (Id) and Clz 
(Ie) amines. 


With the addition of 34 mM of the amine, only moderate increases in 
the solubility were observed in all cases. The addition of the amines to 
the synthetic bile system had little or no effect on the diffusivity of cho- 
lesterol. Thus, the reduction in the total resistance to cholesterol disso- 
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lution in the presence of these amines could be attributed primarily to 
the reduction in the interfacial resistance (l/P), with the diffusion- 
convection resistance remaining almost constant. 


Tables I1 and 111 show the concentration effect of n-octylamine (Ib) 
and n-dodecylamine (Ie), respectively, on cholesterol dissolution. The 
R values decreased with increasing amine concentration. The effect on 
11P began to level off a t  concentrations above 30 mM. 


Table IV shows the effect of the presence of 34 mM of some secondary 
and tertiary amines and quaternary ammonium salts. The resistance to 


IVa :  n = 12 ,  X = Br 
IVb: n = 12 ,  X = C1 
IVc: n = 16. X = Br 
IVd :  n = 16;  X = CI 


H? ~ N H ,  


V a : n = 8  
Vb: n = 10 


VIb 


H? yCooH 


NH;' U - - m  H 
HCI'HZO 


VIC 


0 
ll 
~CNH(CH,),N(CH,), 


+ c1 - 


HO" H 
VId 


CH,COONa 


VIIb 







Table 11-Effect of Concentration of I b  on Cholesterol Monohydrate Dissolution in 116 m M  Sodium Cholate-3% m M  Lecithin Solution 
Buffered with 0.10 M Phosphate at pH 7.40 and 37" 


R =  (a+F) h 1  
( J / A )  x 104, 


Concentration, mg/cm2 cs , D X lo6, x 10-3, WD) x 10-3, (I/P) x 10-3, 
mM sec mg/ml cm2/sec seclcm sec/cm seclcm 


- 0.96 3.00 1.50 31.5 1.84 29.66 
3.61 1.22 3.10 1.30 25.4 2.12 23.28 
13.23 3.05 3.23 1.40 10.6 1.97 8.63 
21.64 5.48 3.60 1.40 6.60 1.97 4.63 
34.0 5.98 3.70 1.44 6.19 1.92 4.27 


Table 111-Effect of Concentration of Ie on Cholesterol Monohydrate Dissolution in  116 m M  Sodium Cholate-32 m M  Lecithin 
Solution Buffered with 0.10 M Phosuhate at uH 7.40 and 37" 


R =  (a+F) h l  
( J I A )  x 104, 


Concentration, mg/cm2 c s  > D X lo6, x 10-3, (h/D) x (UP) x 10-3, 
mM sec mg/ml cm2/sec sec/cm sec/cm sec/cm 
- 


2.88 
9.38 


0.96 
0.92 
2.49 


3.00 1.50 31.5 
3.08 1.30 33.5 
3.11 1.30 12.50 


1.84 
2.12 
2.12 


29.66 
31.38 
10.38 


34.0 12.75 4.93 1.29 3.87 2.14 1.73 
84.31 19.90 6.33 1.25 3.18 2.21 0.97 


Table IV-Effect of 34 mM of Secondary and Tertiary Amines and Quaternary Ammonium Salts on Dissolution 


(hi~) x 10-3, 
( J / A )  x 104, 


mg/cm2 Cs , D X lo6, x 10-3, 
ComDound sec mdml cm2/sec sec/cm sec/cm 


(11~) x 10-3, 
sec/cm 


- 0.96 3.00 1.50 31.5 1.84 29.66 
IIa 
IIb 


IIIa 
IIIb 
IIIC 
IVa 
IVb 
IVC 
IVd 
Va 


. .~ 


5.26 
7.13 
3.39 
4.12 
4.98 
5.48 
3.32 
5.41 
5.42 
19.34 


3.25 
3.85 
3.43 
3.98 


1.42 
1.37 
1.42 


6.18 
5.40 
10.12 


1.38 9.65 
4.47 1.32 8.98 
4.87 1.54 8.89 ~- ~.~ 


4.50 1.52 13.55 
5.15 1.50 9.52 
5.15 1.50 9.50 
6.45 1.50 3.33 


1.94 
2.01 
1.94 
2.00 
2.09 
1.79 
1.82 
1.84 
1.84 
1.84 


4.24 
3.39 
8.18 
7.65 
6.89 
7.10 
11.73 
7.68 
7.66 
1.49 


Vb 22.00 7.23 1.50 3.30 1.84 1.46 


cholesterol dissolution changed with the number of methyl groups as well 
as with the number of carbon atoms in the long side chains. For the n- 
alkylamines, increasing the number of methyl groups on the amine ni- 
trogen increased the resistance; ie., for cholesterol dissolution acceler- 
ation, the following order of effectiveness was observed: primary > sec- 
ondary > tertiary > quaternary. However, Va was a more effective ac- 
celerator than IVd. Thus, the number of side chains may be more im- 
portant than the number of carbon atoms in determining the effectiveness 
of these accelerators. 


Other nitrogen-containing compounds as well as several anionic and 
nonionic surfactants (Table V) were ineffective as cholesterol dissolution 
rate accelerators. With the anionic surfactants, a retardation effect was 
actually observed. 


The steroid derivatives were effective even at relatively low concen- 
trations (Table VI). Compounds VIa and VIb reduced the total resistance 
by almost a factor of 5 at  around 10 mM. Due to the limited availability 
of these compounds, studies at higher concentrations were not possi- 
ble. 


Table V-Effect of Some Nitrogen-Containing Compounds and 
Nonionic and Anionic Surfactants on Dissolution 


R =  (B+F)  h 1  
Compound ( J / A )  x 104, 


and mg/cm2 Cs 9 x 10-3, 
Concentration sec mg/ml sec/cm 


- 
VIIa. 32 mh4 


0.96 3.00 31.5 
m i  2.10 35.4 - 


VIIb; 34 mM 1.24 3.50 28.2 
Polysorbate 80,1.25% 0.27 1.35 50.0 
Sodium lauryl sulfate, 34 mM 0.066 1.65 250 


DISCUSSION 


Together with the limited earlier results (4, 5) for benzalkonium 
chloride and cetylpyridinium chloride, these results represent the first 
assessment of the nature of compounds that may act as cholesterol gall- 
stone dissolution accelerators. The primary, secondary, and tertiary 
amines and the quaternary ammonium salts all appear to be effective. 
Chain length and/or the degree of hydrophobicity also seem to be im- 
portant, as do steric or structural features other than pure hydrophobicity 
as evidenced by the fact that the dioctyl quaternary (Va) was more ef- 
fective than the monohexadecyl quaternary (IVd). 


Surface activity per se does not appear to be important, since the 
nonionic and the anionic surfactants showed little or negative accelerator 
activity in these tests. Indirectly, however, surface activity may be im- 
portant. 


The data presented in Tables I-VI are complicated by the fact that 


Table VI-Effect of Steroidal Amines on Cholesterol 
Monohydrate Dissolution in 116 mMSodium Cholate-32 m M  
Lecithin Solution Buffered with 0.10 M Phosphate at pH 7.40 
and 37" 


Compound mM mdml mg/crnz/sec sec/cm 
Concentration, C,, ( J / A )  X lo4, R X 


VIa 0 3.00 0.96 31.5 
5.29 3.00 2.31 13.0 


VIC 8.24 3.05 1.83 16.67 
VId 10.0 3.56 1.84 19.35 Sodium laurate. 34 mM 0.044 2.84 646 
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the accelerator in question may be bound to varying degrees to the mi- 
celles and other components of the synthetic bile. Thus, meaningful 
structure-activity relationships can only be considered when the “free” 
concentration, or the thermodynamic activity, of the accelerator is known. 
Further progress in this area depends on conducting studies in which the 
“intrinsic” activities of these agents can be determined. 


A method based on the dialysis rate principle for determining the free 
accelerator concentration in simulated bile is being developed and ap- 
pears feasible (14). It appears, for example, that the actual (or the in- 
trinsic) difference between n-hexylamine and n-octylamine in the cholic 
acid-lecithin media is closer to a factor of 10 or 15 than to the marginal 
difference seen in Table I. As such data become available, one may begin 
to understand the action of these accelerators a t  the molecular level. 


Of course, the search for suitable adjuvants for gallstone dissolution 
in humans uia the oral route will require additional studies on the ab- 
sorption, biliary excretion, metabolism, and toxicity of these compounds. 
While this fact may appear to make this approach impractical or very 
difficult, one needs only to note that VIb, 20,25-diazacholesterol, an es- 
tablished hypocholesterolemic agent, is orally absorbed in humans (15, 
16) and in other animal species. Studies also showed (17) that significant 
percentages of high molecular weight quaternary ammonium cations such 
as dibenzyldimethylammonium, tribenzylmethylammonium, and ben- 
zomethamine are excreted in quantity in rat, rabbit, and human bile when 
given intravenously. Therefore, compounds such as the steroidal amines 
and the bile acid derivatives containing the amine nitrogen or the qua- 
ternary nitrogen functional groups may offer promise for this ap- 
proach. 
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Spectrophotometric Determination of Cephapirin, a 
Cephalosporin Antibacterial 


J. E. BODNAR, W. G. EVANS, and D. L. MAYS” 


Abstract 0 A simple and specific method for the quantitative deter- 
mination of cephapirin, a cephalosporin antibacterial, in finished bulk 
and dosage forms is reported. The method is based on reproducible 
degradation under controlled conditions to an unidentified species, which 
is measured spectrophotometrically at 375 nm. The procedure can be 
performed manually on a short series of samples in about 15 min or can 
be automated for large runs. Precursors and related substances show 
minimal interference. The coefficient of variation of the automated 
system is about 1% within days and 1.3% among days. 


Keyphrases 0 Cephapirin-spectrophotometric analysis, bulk drug 
and pharmaceutical formulations 0 Spectrophotometry-analysis, 
cephapirin, bulk drug and pharmaceutical formulations Antibacteri- 
als-cephapirin, spectrophotometric analysis, bulk drug and pharma- 
ceutical formulations 


~ ~~ 


Cephapirin sodium (I), a new cephalosporin antibacte- 
rial for parenteral use, has the advantage of being less 
painful and better tolerated than cephalothin (1). The two 
methods of analysis officially approved for certification 
are the microbiological agar-plate diffusion method and 


the colorimetric hydroxylamine method (2). However, this 
paper reports a more rapid and selective spectrophoto- 
metric method for convenient and accurate product control 
of finished bulk and dosage forms. The method has been 
automated to accommodate large numbers of stability 
samples. Products arising through hydrolysis of the acetyl 
function show little or no interference. The method is se- 
lective for only a few cephalosporins. 


Manual and automated procedures, the effects of several 
operating conditions, and validation of the method are 
presented. 


0 
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Electrophysiological and Pharmacological Properties of 
Skeletal Muscle in Culture 


A. L. HARVEY and W. F. DRYDENx 


Keyphrases Skeletal muscle in culture-electrophysiological and 
pharmacological properties, chemosensitivity, review 0 Tissue culture 
--skeletal muscle, electrophysiological and pharmacological properties, 
chemosensitivity, review Electrophysiology-skeletal muscle in culture, 
review Chemosensitivity-skeletal muscle in culture, review 


Tissue culture is the maintenance or growth of biological 
tissues in an artificial medium. Techniques in use include: 
(a)  organ culture, which uses a complete organ in isolation 
from the body; ( b )  explant culture, in which a small portion 
of tissue is excised and maintained as a discrete piece; (c) 
cell culture, which involves dissociation of the explant to 
a suspension of separate cells; and (d)  continuous cell lines, 
which can be maintained in culture conditions by contin- 
uous multiplication. 


Tissue culture has several advantages over conventional 
in uiuo or in vitro experimental systems. Blood flow, hor- 
mones, nerve trophic factors, and other body influences 
no longer affect the functions of the tissue; the cultures are 
in a controlled environment which is easy to alter for ex- 
perimental purposes. The amount of tissue disintegration 
can be selected by the choice of technique, for example, by 
using explants or cell lines. Monolayer cultures of disso- 
ciated cells are usually more accessible than tissues in situ, 
thus enabling cells to be studied throughout development 
and allowing prolonged experiments. In addition, human 
tissue from biopsies or embryos can be readily studied 
using culture techniques. 


Many cell types have been grown in tissue culture, but 
skeletal muscle appears to be particularly suitable. It re- 
mains remarkably similar in physiology and biochemistry 
to skeletal muscle in situ (1). Skeletal muscle from various 
species, including chick, rat, mouse, and human, has been 
grown as explants, cell cultures, or cell lines (2-7). 


Skeletal muscle in culture is especially useful in phar- 
macological studies, because it provides a simple system 
of only muscle fibers without nerves. The effects of neurons 
on muscle function can, however, be studied in culture (8, 
9). 


Early studies on skeletal muscle in culture used organ 
culture or explants of muscle from embryos or adult ani- 
mals. Often such tissue suffered from “dedifferentiation” 
-loss of characteristic structures of the tissue and reap- 
pearence of cytological features typical of an earlier state 
of differentiation. Advances were made rapidly after 
studies that led to a method of growing consistent cell 
cultures of skeletal muscle fibers (2,101. 


For cell cultures, tissue is ideally obtained from embryos 
or neonates. Muscle is dissected and broken down to a 
suspension of individual cells, either mechanically or by 
using enzymes such as trypsin or collagenase. The cell 
suspension contains myoblasts, the mononuclear precur- 
sors of muscle fibers, and connective tissue cells, the fi- 
broblasts. 


Cultures can easily be grown in plastic petri dishes that 
have been coated with collagen; collagen appears to be a 
necessary substrate during the early stages of muscle dif- 
ferentiation (10). The cells are maintained at  3 7 O  in a 
standard tissue culture medium supplemented with serum 
and embryo extract. 


The sequence of events during differentiation of skeletal 
muscle in culture has been studied in some detail. After 
trypsin dissociation, the cultures consist of spherical mo- 
nonuclear cells. These cells settle onto the surface of the 
culture dish, and different types can be distinguished after 
a few hours. Some cells appear extremely flattened and 
have an irregular multipolar shape; these cells are usually 
regarded as fibroblasts. Other cells have a marked bipolar 
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shape with a prominent central nucleus and scanty cyto- 
plasm; these cells, thought to be myogenic in origin, are 
termed “myoblasts” (11). 


The mononuclear cell population goes through a period 
of replication. After a time, some cells stop dividing, line 
up in parallel arrays, and fuse to form multinucleated cells 
called “myotubes.” This fusion, taking 4-8 hr, occurs 
sooner in cultures with a higher initial cell density (12). The 
multinuclear myotubes are often highly branched (espe- 
cially chick muscle), and the cell nuclei are in a central 
position. These myotube cells continue to grow and de- 
velop in culture, forming mature cross-striated muscle fi- 
bers with nuclei aligned along the cell membrane. 


The fibroblasts continually divide in culture and even- 
tually can overgrow the muscle fibers, thus making ex- 
periments difficult. After the formation of myotubes, the 
cultures can be treated with a DNA synthesis inhibitor, 
such as cytarabine (cytosine arabinoside), to remove the 
actively replicating fibroblasts. Since DNA synthesis in 
muscle ceases after cell fusion, this treatment does not 
hinder the development of the muscle fibers (13,14). 


The studies on skeletal muscle in culture that are dealt 
with in detail in this review are grouped for convenience 
into three separate areas: electrophysiological properties, 
development of chemosensitivity, and pharmacological 
properties. Nevertheless, there is considerable overlap 
among these sections. 


ELECTROPHYSIOLOGY 


Passive Electrophysiological Properties-In di- 
recting the techniques of conventional electrophysiology 
toward recording from cells in culture, a few refinements 
are necessary. While normal electronic amplification and 
glass microelectrodes of resistance 5-50 megohms may be 
used with ease, the nature of the test material requires a 
microscope, preferably of the inverted type, with phase 
contrast or Nomarski interference optics. Furthermore, 
the scale of the work dictates that the utmost stability in 
micromanipulators and worktop be sought. 


Embryonic chick skeletal muscle fibers explanted into 
tissue culture retained a resting membrane potential be- 
tween -60 and -75 mv (15), although Harris et al. ( 5 )  
noted a drop from -63.8 (mean) to a mean of -51.0 mv 
over a 10-day culture period. No difference was noted be- 
tween explants from chick anterior latissimus dorsi (slow 
muscle) and posterior latissimus dorsi (fast muscle) 
(16). 


In muscle fibers developed from the fusion of disaggre- 
gated primary myoblasts obtained from chick embryos or 
neonatal rodents, the resting membrane potential changed 
from a value around -10 mv before fusion and immedi- 
ately afterward, rising steadily as fiber length and diameter 
increased to about -50 or -60 mv (4, 6, 14, 17-20). 
Thereafter, little change in the resting membrane potential 
was observed. Higher values, between -70 and -95 mv, 
were reported by some workers but were less common 
(21-23). 


The increase in membrane potential was correlated with 
numbers of nuclei in the fiber (4), with fiber thickness (14), 
and with fiber length (6,181. Fibers of 1000 hm in length 
usually have attained their maximum resting membrane 
potential, although the morphology of multiply branched 


myotubes in culture presents formidable difficulties in 
measuring fiber length. However, Hooisma et al. (23) were 
unable to note any correlation between the resting mem- 
brane potential and the fiber age or size in their cul- 
tures. 


With respect to membrane potential, the development 
of muscle in culture resembled closely the development 
followed by embryonic muscle in situ (24); the highest 
membrane potentials recorded were similar to the values 
reported for isolated chicken muscle (25) and rodent 
muscle (26-28). Human muscle, developing in culture from 
fetal myoblasts, showed a similar increase in membrane 
potential’. The progressive increase in the resting mem- 
brane potential was apparently achieved by changes in the 
ratio of the permeabilities of the principal cations, sodium 
and potassium. Intracellular potamium remained constant 
a t  about 140 mM throughout muscle development in cul- 
ture. In chick muscle, intracellular sodium fell from 56 to 
22 mM over a period when the resting membrane potential 
rose from -10 to -21 mv (14). Catterall(29) estimated the 
internal sodium concentration of 5-9-day chick myotubes 
to be 13 mM; Ritchie and Fambrough (20) reported the 
same value for rat myotubes, although no change during 
development was observed. 


Both chick and rat myoblasts and myotubes of law 
resting membrane potential are relatively insensitive to 
alterations in external potassium. As the resting membrane 
potential increases, however, the sensitivity to changes in 
[K]o increases until there is a virtual linear relationship 
between log [K]o and membrane potential (14,20,30). The 
curves obtained with rat myotubes closely followed the 
theoretical line derived from the Goldman equation arid 
derived values for the internal ion concentrations (20). 
This correlation was interpreted as an increase in mem- 
brane potassium permeability during development, while 
sodium permeability remained low. However, since the 
resting membrane potential never attained the level of the 
potassium equilibrium potential, it must be assumed that 
sodium permeability remains a significant factor in de- 
termining the final resting membrane potential. 


Chloride distribution across the cell membrane is such 
that the Nernst equilibrium potential (Eel) is the same as 
the resting membrane potential*. Chloride permeability, 
however, appears to be low, since changes in external 
chloride concentration caused no alteration in membrane 
potential or input resistance (20). The ionic composition 
of the cell is maintained by a ouabain-sensitive ion pump. 
Electrogenic pumping is not a significant contribution to 
the maintenance of membrane potential, a t  least in chick 
myotubes, although it can be identified during recovery 
from prolonged exposure to low temperature or acetyl- 
choline. Presumably, the increased sodium within the 
myotube acts as the stimulus to such electrogenic pump- 
ing. 


The input resistance of muscle fibers in culture was 
shown to fall from relatively high values of 3040 megohms 
to about 1 megohm or less as the cells increased in size (5, 
18). This change in input resistance was not apparently 
caused by changes in the specific resistance of the mem- 
brane, which remained constant. Fischbach et al. (18) were 


1 A. L. Harvey and W. F. Dryden, unpublished observations. 
2 W. F. Dryden, unpublished observations. 
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Table I-Physical Constants of Muscle Fibers in Culture 


Length 
of Membrane Cytoplasm Constant Capacitance Constant 
(R,,,), ohm cm2 (Ri), ohm cm (I”,,,), msec ( C ,  1, wF/cm2 (A) ,  wn 


Specific Resistance Resistance of Membrane Time Membrane 


Steady-State Analysis 
- - 5 Chick (Ref. 5) 720 - 


Mouse (Ref. 6) 694 f 75 109 f 19 5.4 f 0.9 8.4 f 1.2 609 f 50 
Rat (5 day) (Ref. 20) 1000 f 94 - 3.1 f 0.1 3.0 f 0.3 - 


Transient Analysis 
Chick (Ref. 18) 2639 f 1166 220 f 190 9.95 I): 5.45 3.9 f 1.45 639 f 299 
Mouse (Ref. 6) 2089 f 343 132 f 41 6.9 f 1.6 4.6 f 2 912 f 158 


unable to demonstrate any correlation between the specific 
resistance of the myotube membrane and the resting 
membrane potential. The values obtained for the mem- 
brane constants depended on the method of analysis after 
passing a current of known intensity through the mem- 
brane and recording the change in electrotonic poten- 
tial. 


Powell and Fambrough (61, using cultures of mouse 
muscle where the myotubes were relatively unbranched, 
preferred to base their calculations on the steady state of 
the electrotonic potential rather than on an analysis of 
transient potentials, since the inconstancy of potassium 
conductance and possible low resistance coupling between 
myotubes and other cells introduced indeterminate vari- 
ables. The values reported (Table I) for mouse and chick 
showed no significant difference, whereas there was an 
appreciable difference in the results obtained by each 
method. The values showed similarities to values quoted 
for adult muscle preparations, but they appeared to occupy 
a position intermediate between the values quoted for 
innervated and denervated muscle, suggesting that they 
can be further modified after the establishment of neural 
control a t  innervation. 


In contrast to muscle fibers developing from primary 
myoblasts, the myogenic cell line L6 shows little devel- 
opmental change in passive electrical properties during the 
formation of myotubes. Line L6 was first reported by 
Richter and Yaffe (31), and a number of reports have ap- 
peared on its electrophysiological properties. The indi- 
vidual myoblasts, prior to fusion, showed an unusually high 
resting membrane potential of between -60 and -80 mv 
(32-34). After fusion, no significant change in the resting 
membrane potential was detectable. A linear relationship 
existed between membrane potential and the logarithm 
of the external potassium concentration, suggesting that 
the membranes of both myoblasts and myotubes were 
permeable to K+ ions. Little Na+ or C1- permeability, 
however, was measurable. 


The specific membrane resistance and capacitance for 
L6 myoblasts were 8 kilohms cm2 and 1 FF/cm2; for my- 
otubes, the values were 12 kilohms cm2 and 5 KF/cm2. 
These values differed significantly from those reported in 
Table I and probably reflected the altered ion permeability 
found in this cell line. Myoblasts did not show delayed 
rectification, which was demonstrable in myotubes. 
Clearly, therefore, a change in the nature of ionic channels 
in the membrane did occur a t  fusion of the L6 myoblast. 


Active Electrophysiological Properties-Active 
changes in membrane potential of muscle fibers in culture 
have been observed. In general, they can be classified as 
either action potentials or as oscillations of membrane 
potential, often associated with twitching or fibrillation 


of the fibers. The latter activity was first detected by Li et 
al. (15), who noted that a discharge of an action potential 
ensued in fibers developing from explants when the os- 
cillations in membrane potential caused it to fall below a 
threshold of about -50 mv. The origins of these fibrillation 
potentials were suggested to be metabolic (35). 


Although action potentials do occur spontaneously in 
muscle in culture (6, 18), they are seen most frequently 
after extraneous stimulation. A much slower depolariza- 
tion, described as a plateau, sometimes with a train of spike 
discharges superimposed, may also be observed (15,22). 
Mainly, the response of a cell to a rapid depolarization 
from around -70 to below -50 mv is the discharge of an 
action potential with overshoot. Where the resting po- 
tential of the myotubes is less than -50 mv, it is usually 
necessary first to hyperpolarize the cell by passing an in- 
ward current (5,6,18). 


Unlike the passive properties, the active responses of 
myotubes of both primary cultures and myogenic clones 
differ little. Catterall and Nirenberg (36) demonstrated 
that in both primary chick myotubes and a cloned line of 
muscle, the sodium channels which open transiently during 
the action potential, can be activated by veratridine. This 
activation was antagonized by tetrodotoxin. The fast spike 
potentials seen in discharging cultured muscle cells can be 
abolished by removing external sodium or by adding te- 
trodotoxin to the medium (5,22,37). Therefore, the fast 
spike component is caused by an inward sodium current 
and resembles that found in normal vertebrate muscle and 
nerve. The threshold potential necessary to initiate the fast 
sodium spike was about -45 mv (37). 


A study of the currents flowing during voltage clamp 
suggested that the depolarization necessary to evoke the 
sodium spike was greater than that necessary to initiate 
a sodium current. This condition was also true of the peak 
or reversal potential at which the sodium current ceased 
to be inward. These differences were ascribed to the cable 
properties of myotubes, which permitted membrane cur- 
rents to flow in restricted areas of the membrane during 
voltage clamp but necessitated a greater depolarization of 
the membrane for a propagated action potential in an 
unclamped fiber. To overcome such problems, the cable 
properties of myotubes of indeterminate length were 
eliminated by exposing the cultures of M colchicine 
after 3-4 days of development (38). The destruction of 
microtubules that this procedure caused resulted in the 
formation of “myosacs,” nearly spherical structures rather 
than the normal cylindrical shape. Contractile elements 
were present in such structures, and membrane potentials 
(-48 mv), action potentials, depolarization in response to 
acetylcholine, and contractions induced by various agents 
suggested that the properties of myosacs were comparable 
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with those of myotubes. An extensive t-tubular system was 
considered as a possible cause of slight deviations from the 
predicted response during the initial stages of constant 
current hyperpolarization. The cytoplasm of these cells 
was at  the isopotential with respect to ground, so good 
membrane clamping could be achieved. Under these con- 
ditions, threshold and peak potentials for both current 
depolarization and current flow during clamping were in 
close agreement. 


The slow potential was more difficult to characterize. 
It could be absent, present alone, or present in combination 
with a fast tetrodotoxin-sensitive spike. Where it occurred, 
the slow potential was insensitive to tetrodotoxin (37,39), 
its amplitude and duration were increased by elevating the 
concentration of calcium in the bathing medium (40), and 
it could be abolished by the addition of 2 mM manganese 
chloride (39) or lanthanum chloride (41) to the bath. Re- 
moval of the external sodium from the medium also abol- 
ished the slow potential (33). Barium was apparently able 
to substitute for calcium in the bathing solution. The 
conclusion was that the slow potential was attributable to 
an inward current of both sodium and calcium. The time 
course of the tetrodotoxin-resistant slow potential re- 
sembled that found in neonatal muscle and denervated 
muscle (42); the slow channel may be a feature of incom- 
plete development, which is eliminated once full tropic 
control is established after innervation. 


A third type of depolarizing response was noted by Fu- 
kuda et al. (37,43), when the membrane potential of the 
cells was hyperpolarized by passing an appropriate current 
through electrodes. After the fast spike and the slow po- 
tential had been elicited by a short depolarizing pulse su- 
perimposed on the hyperpolarizing current, a prolonged 
depolarization was seen and lasted for several seconds. The 
amount of depolarization was increased when the external 
chloride was reduced in concentration, and substitution 
of potassium chloride in the current passing electrode with 
the more impermeant potassium acetate resulted in a de- 
crease in amplitude and duration. It appeared, therefore, 
that the prolonged depolarization of the fibers was at- 
tributable to an outward flow of chloride ions supplied to 
the cytoplasm from the hyperpolarizing electrode, which 
followed a post spike increase in chloride conductance. 


In myosacs (44), prolonged depolarizations of up to 10 
sec were associated with a late inward current, attributed 
to an outflow of chloride ions. This late current and the late 
chloride spike previously reported were attributed to the 
same mechanism, which operated in response to changes 
in membrane potential; chloride redistributed itself during 
a change in conductance, which was at a maximum around 
-50 mv. Under normal conditions, such a change in chlo- 
ride conductance would not be manifested, since active 
fluctuations and action potentials have a much more rapid 
time course. 


DEVELOPMENT OF CNEMOSENSITIVITY 


Acetylcholine Receptor-Much of the relevance of 
skeletal muscle as a pharmacological preparation hinges 
on the presence and properties of specialized structures 
associated with chemosensitivity in the intact fiber, the 
acetylcholine receptor, and acetylcholinesterase. A detailed 
review of the developmental biology of membrane choli- 


noceptors is contained in a recent series of publications (30, 
45,461. 


The presence of sensitivity to acetylcholine in muscle 
in culture was confirmed by Dryden (47) by direct appli- 
cation of acetylcholine from a micropipet to individual 
fibers in culture. The response was simple contractions of 
the fiber, but this response was dependent on the posses- 
sion by the fiber of an intact contractile mechanism. 
Noncontractile cells and myoblasts cannot be expected to 
respond mechanically, and intracellular electrophysiolo- 
gical methods are required to investigate fully the prop- 
erties of the acetylcholine receptor in cultured muscle. The 
receptor was found in myoblasts insofar as an electro- 
physiological response could be evoked from myoblasts, 
especially more developed ones (4, 14), but not in myo- 
blasts of the L6 clone (48). Instead, a slow hyperpolariza- 
tion of some L6 myoblasts from -25 to -60 mv was ob- 
served after acetylcholine iontophoresis. This response was 
not susceptible to a-neurotoxin or tubocurarine blockade 
and was not comparable with the rapid hyperpolarization 
to the reversal potential seen in primary chick myoblasts 
of low membrane potential exposed to acetylcholine (14). 
It probably represents an interaction with a membrane 
component other than the conventionally recognized 
nicotinic receptor and serves to distinguish clone L6 
myoblasts from primary cells. 


The rapid rate of acetylcholine receptor formation that 
occurs a t  fusion is not apparently dependent on fusion it- 
self, since it also occurs when fusion is prevented by low- 
ering the calcium content of the bathing medium. Indeed, 
fusion appears to be incidental to the acquisition of dif- 
ferentiated characteristics, since myofilaments, acetyl- 
cholinesterase activity, and adenylate cyclase activity all 
were greatly increased at the time of normal fusion (4,49). 
A functioning receptor was not apparently required for 
fusion of myotubes, since this process proceeded in the 
presence of tubocurarine, acetylcholine (4), or a-bungar- 
otoxin (50). 


The use of 1251-labeled a-bungarotoxin has greatly aided 
research into receptor distribution and incorporation in 
view of the virtual irreversibility of the reaction between 
the two. Autoradiographic investigation of cells and fibers 
thus labeled confirmed the presence of receptors on the 
occasional myoblast; on young myotubes, the label ap- 
peared to be uniformly distributed over the surface (51, 
521, corresponding to a receptor density between 1500 and 
2000/pm2 (53). The uniformity of receptor distribution was 
a feature only of young myotubes; as development pro- 
ceeded, clusters of greater receptor density were noted with 
increasing frequency. The average cluster was 125 pm2 in 
area and ovoid and occurred predominantly at the fiber 
margin. No correlation between the occurrence of clusters 
and cytological features of the fibers could be found (52, 
53). 


Electrophysiological confirmation of nonuniform sen- 
sitivity along the muscle fibers was provided by a number 
of reports. Initially, fibers when formed exhibited uniform 
sensitivity to the transmitter along their length (5,14,54). 
The iontophoretic sensitivities were between 4 and 400 
mv/nC. Close application of acetylcholine from an ionto- 
phoretic pipet revealed variations in sensitivity ranging 
from 10 to 1000 mv/nC (55). The areas of greatest sensi- 
tivity coincided with the areas of greatest density of 
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1251-labeled a-bungarotoxin. Furthermore, the areas of 
greatest sensitivity were thought to be associated with 
prominent muscle nuclei, although no great significance 
has been attached to this observation. Such “hot spots” of 
acetylcholine sensitivity also were noted in myosacs (38). 
Fetal skeletal muscle prior to innervation, denervated 
muscle, and adult muscle maintained in organ culture were 
all sensitive to acetylcholine over the whole muscle surface 
(56-58), although the sensitivity was not necessarily uni- 
form. The original end-plate membrane retained a much 
higher receptor density than surrounding areas (59,60). 
The muscle in cell culture, therefore, had properties similar 
to other muscle preparations devoid of nervous control. 


The accumulation of receptors, a t  least a t  points of in- 
nervation in nerve-clonal muscle cultures, was not inhib- 
ited by blockade of muscle activity by long-term depolar- 
ization in a high K+ growth medium (61) or by exposure 
to cobra a-neurotoxin (62). However, the overall sensitivity 
of muscle fibers was lower if they were repeatedly stimu- 
lated by field current depolarization during development 
(63). The mechanism relating electrical properties of the 
membrane and receptor incorporation remains to be 
demonstrated. 


The dynamic aspects of receptor biosynthesis and deg- 
radation have been studied. Work with fluorescent labeled 
antimuscle antibody revealed a fair degree of mobility in 
the surface molecules of membranes of cells in culture (64). 
It was supposed that the acetylcholine receptor in the 
absence of innervation was no exception and that a fluid 
to rigid transformation occurred at  synaptogenesis to 
provide the lattice of receptors found in normal adult 
end-plates (30). 


The binding of 1251-a-bungarotoxin to myotubes was 
biphasic with a rapid and a slow component (53). The slow 
component was attributed to the appearance of new re- 
ceptors, since it could be abolished by inhibitors of RNA 
synthesis such as cycloheximide and dactinomycin. There 
was, however, a delay in the reduction in the appearance 
of new receptors after inhibitor treatment, which suggested 
that there existed within the myotube a pool of newly 
synthesized receptors available for incorporation into the 
membrane. The rate of new receptor incorporation was 90 
receptors/pm2/hr, although the increase in density was 
only 35/pm2/hr. This difference was explained by the fact 
that the surface area in the developing myotubes was also 
increasing by about 4-5%/hr. 


Further work (65) revealed a proteolytic degradation of 
receptors which required energy and was not affected by 
prior binding of 1251-a-bungarotoxin. The degradation of 
the receptors followed first-order kinetics and was, 
therefore, presumably random. The half-life of receptors 
in both chick and rat myotubes was about 22 hr. Proteol- 
ysis was apparently a cytoplasmic event requiring prior 
internalization of the receptor. Whether this sequence of 
events occurs in innervated muscle, which is susceptible 
to the trophic regulation of the neuron, is a question of 
considerable interest. 


The interactions of receptors with both agonist and 
antagonist drugs are considered in the following section, 
but the ionic parameters associated with the activation of 
the receptor in cultured muscle are discussed here. In 
myotubes, including clone L6 myotubes (48), exposure of 
the cell to cholinomimetic agonists resulted in a rapid 


depolarization of the cell membrane as in “normal” muscle. 
The action of carbachol was associated with a substantial 
increase in the rate of sodium entry into a fiber (29). The 
time course of this entry was not constant throughout 
equilibration in the presence of carbachol but fell after an 
initial rapid influx. The fall in influx was attributed to 
desensitization of the receptors by the agonist. By reducing 
the temperature to 2O, the rapid initial sodium influx could 
be studied. The maximum influx (Vmax) under these 
conditions was 2 X lo7 min-l ions/ionophore. This value 
compared well with the value of 4-12 X lo8 min-l at 35’ 
computed from the membrane noise measurements of 
Sachs and Lecar (66) in cultured muscle. Their value for 
the elementary conductance of a single channel was 0.8 X 
10-lo mho which was close to values obtained in frog sar- 
torius muscle (67,68). 


When activated by a cholinomimetic agonist drug, the 
acetylcholine receptor in cultured muscle fibers apparently 
opens a sodium permeable ionophore in a manner similar, 
if not identical, to that taking place in the normal muscle 
end-plate. Within the ion channel, there is apparently a 
sodium binding site or energy barrier, possibly analogous 
to those proposed for the transient tetrodotoxin-sensitive 
sodium channels of nerve (69). 


More recent work (70) on acetylcholine current noise in 
cultured muscle cells that had fused but had been pre- 
vented from elongating (myosacs or “myoballs”) showed 
reasonable agreement with Sachs and Lecar (single- 
channel conductance = 0.3 X mho) and provided 
evidence that the conformational freedom of the acetyl- 
choline channel is limited by the fluidity of membrane 
lipids. Since these membrane lipids undergo a phase 
transition to a more rigid state a t  about 20’ in homeo- 
thermic animals, the degree of channel opening is re- 
stricted below this temperature. The channel is not ap- 
parently specific for sodium, since potassium permeability 
too is increased on activation (and also trivalent ions, if 
present) but chloride remains impermeant (71). The be- 
havior of the two permeant ions is interesting in that po- 
tential changes attributable to potassium can be predicted 
from the Goldman equation, i.e., ion flow is through 
channels of fixed conductance and dependent on ion 
concentration on each side of the membrane. Sodium- 
dependent potential changes are described by: 


where the conductance of the channels is variable. The 
precise mechanism of ion transfer through the ionophore 
is clearly complex and awaits further work. 


The reversal potential of the activated receptor was 
described as from 0 to +10 mv for chick embryo muscle 
explants (5), between -20 and +10 mv (55) and -7 mv (14) 
in dissociated chick embryo muscle cultures, from +5 to 
+10 mv in dissociated rat muscle cultures (4), and -2.5 mv 
in clone L6 myotubes (48). Ritchie and Fambrough (71) 
reported a mean reversal potential of -2.6 mv, which re- 
mained constant despite the increase in the resting 
membrane potential (30). This result was obtained using 
rat tissue, which the same authors had shown to retain an 
unchanged internal ion composition during this period 
(20). Where the internal sodium concentration fell, a 
change in reversal potential was expected. The reversal 
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potential of L6 myoblasts was the same at 22' as a t  35' 
(48). Reduction in [K]o or "a10 caused the reversal po- 
tential to be more negative, reversing at between -30 and 
-40 mv in sodium-free solution. Chloride movement was 
not apparently involved in determining this value, so 
suspicion fell on Ca2+ as a possible participant in the re- 
ceptor activated current. No experimental evidence was 
available, however, to substantiate this view. 


Acetylcholinesterase-The enzyme responsible for 
the hydrolysis of acetylcholine is found in close association 
with the cholinoceptor in intact muscle, and similar ac- 
tivity was found in muscle in culture (72, 73). Choline 
acetyltransferase activity was predictably absent in cul- 
tures of muscle cells (74). Although acetylcholinesterase 
was present in myoblasts, a substantial increase in enzymic 
activity occurred at  the time of fusion (75-77). This asso- 
ciation of activity and myoblast fusion was also noted for 
a number of other enzymes (78). The cholinesterase was 
specific for acetylcholine, since butyrylcholinesterase ac- 
tivity remained at a low level throughout the culture period 
(76,77). However, a number of different isozymic forms 
were present, comparable with those found in embryonic 
muscle in situ. 


Harvey and Dryden (77) identified soluble and mem- 
brane-bound fractions of total activity and showed that 
the soluble activity reached a plateau after 4 days of cul- 
ture while the membrane-bound fraction continued to 
increase. Little of the enzyme activity was found at the cell 
surface, most being associated with intracellular mem- 
branes (79). The distribution of the enzyme in the myotube 
showed developmental changes reminiscent of those noted 
with the cholinoceptor. Enzyme could be histochemically 
demonstrated in a uniform distribution in the cytoplasm 
of young myotubes; but, as the cultures aged, the enzyme 
was apparently localized into areas of greater activity than 
the surrounding cytoplasm. No correlation between the 
distribution of receptors and enzyme activity has been 
shown, and the factors that influence this development 
remain a matter of speculation. 


The sequence of enzyme synthesis in 14-day myotubes 
was studied by Wilson and Walker (80) after inhibition of 
existing enzyme with isoflurophate (diisopropyl fluoro- 
phosphate). Within 4 hr, 78% of the original activity was 
restored. The newly synthesized enzyme was of low mo- 
lecular weight and was not stained by traditional cyto- 
chemical methods. The low molecular weight isozymes 
were readily released from the cell and could be detected 
in the medium after 4 hr. About this time, the first cyto- 
chemically identifiable enzyme appeared around the my- 
otube nuclei. This enzyme was associated with the poly- 
merization of the low molecular weight isozymes and their 
incorporation into membranous structures. The process 
continued with a reduction in the proportion of the low 
molecular weight form present. 


The physiological function of acetylcholinesterase in 
cultured muscle is not obvious. Pharmacological studies, 
discussed in the following section, suggest that the devel- 
opmental process in cultures of muscle alone is incom- 
plete. 


PHARMACOLOGICAL PROPERTIES 


Receptor Specificity-The close similarity of some 
physiological properties of skeletal muscle in culture to 


muscle in vivo led to the assumption that the pharmaco- 
logical characteristics would also be similar. Indeed, the 
response of cultured muscle to acetylcholine was blocked 
by tubocurarine (4, 47, 54). In the last few years, more 
detailed studies have shown the faith of muscle physiolo- 
gists to be justified. 


Obata (811, Steinbach (481, and Harvey and Dryden (82) 
considered the possibility that the development of muscle 
in the artificial environment of culture may cause the ap- 
pearance of unusual receptor types. Obata tested cell 
cultures prepared from the diaphragms of 1-day-old rats. 
Depolarization responses were obtained with acetylcholine 
added iontophoretically or directly to the bath, but le- 
varterenol, y-aminobutyric acid, and glutamic acid had no 
effect on membrane potential. Steinbach applied metha- 
choline, choline, and levarterenol iontophoretically to L6 
myotubes without success. Harvey and Dryden tested a 
series of compounds (epinephrine, levarterenol, histamine, 
5-hydroxytryptamine, dopamine, and y-aminobutyric 
acid) for agonist and antagonist activities on cultured chick 
embryonic muscle. None of these substances produced a 
significant change in membrane potential. However, epi- 
nephrine (but not levarterenol) and 5-hydroxytryptamine 
reduced responses to the test agonist, carbachol; the 
mechanism of this depressant activity is unknown and 
requires further investigation. 


Three muscarinic receptor stimulants, methacholine, 
bethanechol, and pilocarpine, were tested on cultures of 
chick embryo leg muscle (14,BO). Since no response could 
be obtained, it is likely that skeletal muscle in culture does 
not have muscarinic receptor sites. 


All nicotinic cholinoceptor stimulant drugs that have 
been tested on skeletal muscle in culture produced a re- 
sponse. The drugs used included acetylcholine, carbachol 
(83), decamethonium, tetramethylammonium, nicotine, 
succinylcholine, and dimethylphenylpiperazinium (82). 


From the results of such studies, it is concluded that 
skeletal muscle in culture responds to agonists that nor- 
mally activate nicotinic cholinoceptors a t  the neuromus- 
cular junction but not to agonists that do not normally act 
on skeletal muscle. 


The reversal potential of the acetylcholine response in 
cultured muscle is between +10 and -20 mv. Feltz and 
Mallart (84) reported that the reversal potential in junc- 
tional areas of frog skeletal muscle was -16 mv, whereas 
it was -42 mv in extrajunctional areas. This finding sug- 
gested that the receptors in muscle in culture behave in a 
manner more closely resembling junctional rather than 
extrajunctional cholinoceptors. 


The specificity of receptors on cultured skeletal muscle 
was examined using antagonist drugs. Muscarinic receptor 
antagonists in high concentrations blocked the response 
to acetylcholine of normal rat and frog skeletal muscle 
preparations (85, 86). Similar results were found with 
cultured muscle. A low concentration of atropine was 
without effect on responses of cultured skeletal muscle to 
acetylcholine (81), but responses were inhibited by con- 
centrations of 10-4-10-2 M atropine (5, 29, 55, 82) and 
hyoscine (82). Similarly, high concentrations of atropine 
inhibited end-plate potentials in combined chick mus- 
cle-ciliary ganglia cultures (23). Acetylcholine responses 
of primary mouse cultures and of rat cell line cultures were 
blocked by both tubocurarine and atropine (40). 
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All of these studies indicated that the concentrations of 
atropine have to be 100-1000 times greater than the ef- 
fective concentrations of tubocurarine. A similar ratio was 
seen in other skeletal muscle preparations (85,86). 


The reduction of acetylcholine-induced responses by the 
nicotinic antagonist tubocurarine was demonstrated in 
several culture systems (13,47,48, 53,81,83). The con- 
centration-effect curves to carbachol were shifted in a 
parallel fashion to the right by increasing concentrations 
of tubocurarine. Similar results were obtained with other 
nicotinic antagonists, e.g., gallamine (82) and chandonium 
iodide (87). Affinity constants were calculated to be around 
lo7 for tubocurarine, about 2-5 X lo6 for gallamine, and 
between lo7 and lo8 for chandonium iodide. From the 
half-blocking concentrations of tubocurarine on miniature 
end-plate potentials in combined spinal cord-rat muscle 
cell line cultures, the affinity constant would be 0.25 X lo7 
(88). These values were of the same order as reported from 
experiments on other more conventional skeletal muscle 
preparations. 


Acetylcholine-induced depolarization can be antago- 
nized by neurotoxins from snake venoms. Such toxins were 
reported to be highly specific for nicotinic receptors in 
skeletal muscle preparations (89). Cobra neurotoxin 
blocked responses in a rat cell line (90) and in explants of 
chick embryo skeletal muscle (5); a-bungarotoxin blocked 
responses in primary cultures of rat (53, 81) and chick 
muscle (55,91,92). Dose-response curves to carbachol in 
the presence of increasing concentrations of a-bungaro- 
toxin showed a reduction in maximal response, as would 
be expected with a noncompetitive antagonist. Blockade 
with a-bungarotoxin was essentially irreversible (53,91). 
Moreover, P-type bungarotoxins that are selective pre- 
junctional antagonists (93) were without effect on skeletal 
muscle fibers in nerve-free cultures (92). 


The results of experiments with antagonists further 
substantiated the postulate that cultured skeletal muscle 
fibers possess one main receptor type that resembles the 
nicotinic cholinoceptor. There is evidence that the receptor 
in denervated skeletal muscle has different affinities for 
antagonists from those of the receptor a t  the normal motor 
end-plate (85, 94). While it was suggested (40) that the 
receptors on cultured muscle resembled more closely those 
of denervated muscle, available evidence does not support 
this proposal. 


The nicotinic cholinoceptor was suggested to be a pro- 
tein with an easily reducible disulfide bond near the ace- 
tylcholine binding site, and reduction of the disulfide bond 
was thought to alter the conformation of the receptor 
protein and its specificity (95). Treatment of electroplax 
with the disulfide bond reducing agent, 1,4-dithiothreitol, 
decreased the effects of carbachol and acetylcholine and 
converted the action of hexamethonium from that of an 
antagonist to that of an agonist; these changes could be 
reversed by oxidation (96, 97). Similar results were ob- 
tained with several skeletal muscle preparations including 
frog rectus abdominis (98) and sartorius muscles (99-101), 
denervated rat skeletal muscle (102), chick biventer cer- 
vicis muscle (103), and leech dorsal muscle (104). Despite 
some species variation (101, 104), 1,4-dithiothreitol ap- 
peared to affect the properties of the nicotinic receptor in 
skeletal muscle. 


Harvey and Dryden (105) examined the effects of 1,4- 


dithiothreitol treatment on chick embryo skeletal muscle 
grown in cell culture and compared the behavior of the 
receptors present in cultured muscle to that of the recep- 
tors in adult muscle. The receptors on cultured chick em- 
bryonic skeletal muscle underwent the characteristic 
changes in properties following disulfide bond reduction. 
The concentrations of 1,4-dithiothreitol and exposure 
times required to produce these effects were similar to the 
conditions employed in other studies. The changes after 
1,4-dithiothreitol (decrease in response to carbachol and 
conversion of the action of hexamethonium from antago- 
nist to agonist) were as readily reversed by oxidation in 
cultured muscle as in other systems (96,97,103). Mem- 
brane depolarization by K+ ions was not affected by 1,4- 
dithiothreitol treatment, suggesting that the action of 
1,4-dithiothreitol is related to the receptor itself rather 
than to a nonspecific membrane effect. The actions of 
1,4-dithiothreitol were also distinguished from receptor 
desensitization effects. Harvey and Dryden (105) con- 
cluded that the receptors in cultured aneural muscle and 
in normal muscle were affected similarly by disulfide bond 
reduction. 


Effects of Anticholinesterase Drugs-At the adult 
neuromuscular junction, the transmitter action of ace- 
tylcholine is terminated by hydrolysis by the enzyme 
acetylcholinesterase. The activity of this enzyme can be 
affected by anticholinesterase drugs (106). The actions of 
acetylcholine are generally potentiated and prolonged after 
administration of an anticholinesterase. The actions of 
anticholinesterases have been tested on responses to ace- 
tylcholine applied directly to cultured muscle cells and on 
cholinergic end-plate potentials found in combined cul- 
tures of nerve and muscle. Physostigmine or neostigmine 
in concentrations between 0.1 and 100 pg/ml did not affect 
the size or time course of end-plate potentials in cultures 
of chick embryo muscle and spinal cord (13, 21). Physo- 
stigmine (5-20 pg/ml) did not increase the duration of 
end-plate potentials in combined cultures of chick embryo 
muscle and ciliary ganglia; however, 20 pg of physostig- 
mine/ml decreased the amplitude of the end-plate po- 
tentials (23). Edrophonium (3.8 X 10-6-10-4 M )  did not 
increase amplitude, time to peak, or half decay time of 
miniature end-plate potentials recorded in cultures of the 
muscle cell line L6 and fetal rat spinal cord (88). 


Physostigmine and edrophonium did not potentiate the 
response of cultured chick embryo muscle to iontopho- 
retically applied acetylcholine, and high concentrations 
of both anticholinesterase drugs inhibited the response to 
acetylcholine (5,79). The response of cultured chick em- 
bryo muscle to bath application of loA6 M acetylcholine 
was not increased in the presence of 0.5 pg of neostigmine 
or physostigmine/ml; the responses to M acetylcho- 
line and carbachol were inhibited slightly (83). Higher 
concentrations of anticholinesterase produced depolar- 
ization and reduced subsequent acetylcholine responses. 


An extension of this study showed that concentration- 
effect curves to acetylcholine were not altered by 


M physostigmine or neostigmine or by pretreatment 
of the cultures with 5.4 X 10-6 M of the irreversible anti- 
cholinesterase isoflurophate (107). 


Although anticholinesterase treatment potentiates the 
action of acetylcholine in normal muscle, it has little effect 
on chronically denervated muscle (57). In this respect, 
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muscle in culture is similar to denervated muscle. A recent 
electron microscope study of the subcellular distribution 
of cholinesterase in cultured muscle indicated that little 
enzyme is on the surface membrane, most being located 
in the cytoplasm, over myofilaments, or associated with 
internal membranes (79). The localization of acetylcho- 
linesterase on the external surface of the muscle and the 
assumption of its physiological function probably occur 
later in development and are regulated by a “trophic” in- 
fluence from nerves. Presumably, the lack of effect of an- 
ticholinesterases on end-plate potentials in combined 
nerve and muscle cultures is due to the immaturity of the 
functional contacts. 


Direct effects of the anticholinesterases on membrane 
potential have also been tested. A t  concentrations above 
loM7 M, both neostigmine and physostigmine produced 
a concentration-dependent depolarization of myotubes 
(107). The depolarization induced by neostigmine, but not 
that by physostigmine, was inhibited by tubocurarine 
(107). Isoflurophate a t  5.4 X M had no effect on 
membrane potential but reduced responses to both ace- 
tylcholine and carbachol (107). It was postulated that the 
antagonism by isoflurophate and the inhibitory actions of 
high concentrations of other anticholinesterases on ace- 
tylcholine responses in culture (5,79,83) may be caused 
by receptor desensitization induced by the anticholines- 
terase. 


Owing to its lack of physiologically functional acetyl- 
cholinesterase, nerve-free muscle cultures were the prep- 
aration of choice in a study of the site of action of nicotinic 
agonists (108). It had been postulated that certain agonists 
other than acetylcholine act a t  the neuromuscular junction 
by releasing endogenous acetylcholine (109). This postu- 
late was based on the findings that triethylcholine, tetra- 
ethylammonium, and hexamethonium, drugs assumed to 
block choline and cholinomimetic uptake by the nerve 
terminal, inhibited responses to carbachol, nicotine, 
tetramethylammonium, decamethonium, and dimethyl- 
phenylpiperazinium but not to acetylcholine (109, 110). 
However, these effects may result from a combination of 
two postjunctional actions of these drugs: a curare-like 
blocking action and an anticholinesterase action (111). 


When tested in cultured skeletal muscle at concentra- 
tions used previously to eliminate neural acetylcholine 
release (109, 110, 112), hemicholinium, triethylcholine, 
tetraethylammonium, and hexamethonium blocked re- 
sponses to all agonists, and acetylcholine responses were 
affected as much as those of other cholinomimetics (108). 
This finding confirms previous work (111,113) and lends 
support to the belief that the lack of effect of these blocking 
drugs on acetylcholine responses in whole muscle was be- 
cause of their anticholinesterase activity. The results ob- 
tained with cultured muscle support the classical theory 
that nicotinic agonists act directly on receptors on the 
muscle itself and not by releasing endogenous acetylcho- 
line. 


Receptor Desensitization-In many skeletal muscle 
preparations, cholinomimetic-induced depolarization is 
not maintained despite a constant drug concentration. 
This phenomenon, termed “desensitization” (1 14), is 
equivalent to a progressive decrease of the response during 
prolonged contact with cholinomimetics. Desensitization 
in skeletal muscle has several characteristic features: it is 


specific for cholinoceptors, it increases with agonist con- 
centration and contact time, and it is reversible. 


In explant cultures of chick embryo muscle, the response 
to iontophoretic pulses of acetylcholine declined if the 
frequency of stimulation was above 6/min (5). Since the 
responses did not recover fully after rest, the decline in 
sensitivity may have represented desensitization or a 
gradual deterioration of the preparation. Desensitization 
was, however, evident in rat muscle cultures when acetyl- 
choline pulses were given during a maintained acetylcho- 
line-induced depolarization (81). A similar phenomenon 
occurred with repeated or prolonged application of ace- 
tylcholine or carbachol to L6 myotubes (48). The responses 
to the brief acetylcholine pulses recovered to control level 
after the desensitizing exposure was stropped. 


The response of cultured chick embryo muscle to pro- 
longed exposure to acetylcholine and carbachol was not 
maintained, and the membrane gradually repolarized (83). 
This fading response was suggested to reflect desensiti- 
zation, and evidence was presented that the desensitization 
affected cholinoceptors specifically and depended on the 
concentration of the agonist. Cross-desensitization be- 
tween acetylcholine and carbachol was also reported. De- 
sensitization in cultured chick embryo muscle was re- 
versible, although the recovery rate was much slower than 
the recovery rate of other muscle preparations (83). Re- 
covery of cultured muscle appeared to be a two-component 
process, with an initial phase of rapid recovery followed 
by a very slow recovery rate (115). 


Ritchie and Fambrough (20) found a marked difference 
in the response of rat and chick myotubes to prolonged 
application of acetylcholine. Chick myotubes repolarized 
rapidly in the presence of M acetylcholine, but the 
depolarization of rat myotubes could be maintained for as 
long as 100 min. The reason for this difference is un- 
known. 


Desensitization was reported to be more pronounced in 
older cultures (115). Catterall (29) thought that densiti- 
zation increased with the morphological maturity of the 
myotubes, being more rapid in myotubes possessing 
cross-striations and hypolemmal nuclei. However, it is 
possible that the increased rate of desensitization reflects 
the increased resting membrane potential of the more 
developed cells (116). 


Different agonists have differing abilities to produce 
desensitization in cultured chick embryo muscle. Con- 
centrations of drugs that produced the same depolarization 
had markedly different rates of repolarization (117). 
Succinylcholine produced rapid desensitization, while 
nicotine caused slow desensitization; acetylcholine and 
carbachol were intermediate in activity. 


Certain drugs increased the rate of repolarization in the 
presence of a cholinomimetic. Isoflurophate (107), atro- 
pine, and hyoscine (115) produced this effect, which is 
equivalent to an increase in rate of desensitization. Iso- 
flurophate increased the rate of decay of the end-plate 
current of frog sciatic nerve-sartorius muscle preparations 
(118). Isoflurophate was thought to be affecting the re- 
ceptor-ionic conductance modulator complex. Atropine 
shortened the time that an acetylcholine molecule opened 
the ionic channels in the muscle membrane (119). This 
action seems to indicate an enhancement by atropine of 
desensitization by acetylcholine. The results obtained with 
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cultured muscle suggest that these drugs (isoflurophate, 
atropine, and hyoscine) may operate similar mechanisms 
in cultured muscle fibers. 


Desensitization protected cholinoceptors of frog sarto- 
rius muscle preparations from binding of snake venom 
neurotoxins (120,121). In a similar study with cultured 
chick embryo muscle, a-bungarotoxin was ineffective in 
blocking agonist responses after receptor desensitization 
(122). These results provide further evidence that the 
nicotinic receptors present in cultured skeletal muscle are 
similar in properties to the receptors of normal muscle. The 
finding that desensitization prevents cr -bungarotoxin from 
blocking receptors suggests that desensitization involves 
a change in the conformation of the receptor so that the 
toxin-binding sites are no longer operational. 


Recent studies showed that binding of labeled snake 
venom toxins to cultured muscle was reduced in the 
presence of cholinomimetics (51,90, 123). Desensitization, 
rather than physical occlusion, of receptor sites may ac- 
count for some part of this protective effect. 


CONCLUSION 


Much has been written on the suitability of some cells 
in culture for pharmacological investigation. The evidence 
presented in this review supports the inclusion of skeletal 
muscle in this category. Most of the pharmacology so far 
investigated involved electrophysiological changes oc- 
curring at  the sarcolemma. T-Tubule and sarcoplasmic 
reticulum sensitivities have not yet been investigated, nor 
have phenomena involving the contractile element itself. 
There are formidable technical problems in measuring 
tension generated by single muscle fibers, and little addi- 
tional information would be added to existing information 
achieved using conventional methods. 


Yet the increasing availability of sophisticated tech- 
niques involving ion-sensitive electrodes, fluorescent 
probes, and other physical and physicochemical tools will 
undoubtedly add cell culture to the list of preparations 
available for the study of all aspects of pharmacology in 
muscle. The development of membrane noise analysis 
together with the easy availability of receptor sites gives 
promise of answers to some fundamental questions con- 
cerning the reaction of a drug molecule with a single re- 
ceptor. 
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NOTES 


Nature of Acid-Induced Fluorescence of 17a-Methyltestosterone 


EFRAIM NJAU 


The fluorescence of the 17a-methyltestosterone-trichlo- 
roacetic acid reaction product, 1,2,10,15,16,17-hexahydro-lO,l7,17-tri- 
methylcyclopenta[a]phenanthren-3-one, in strong acid was investigated. 
Structural requirements for fluorescence were derived from absorption 
and fluorescence studies of related phenanthrenones and cinnamylidene 
compounds possessing a similar chromophore. All compounds showed 
fluorescence intensity that was structure and pH dependent. Fluores- 
cence is attributed to both enol and protonated species. 


17a-Methyltestosterone-fluorescence of reaction 
product with trichloroacetic acid 0 Fluorescence-study of reac- 
tion product of 17a-methyltestosterone with trichloroacetic acid 
[3 Phenanthrenones, various-structural requirements for fluorescence 
in strong acid Cinnamylidenes, various-structural requirements for 
fluorescence in strong acid 


Several fluorometric methods for the determination of 
steroids and steroidal glycosides devoid of native fluores- 
cence are based on the generation of fluorophores by the 
action of dehydrating agents on the steroid ring (1-5). The 
nature and complexity of the reactions remain largely 
unknown, and the numerous reaction products formed are 
difficult to isolate (6,7). 


BACKGROUND 


Successful development of a fluorometric method with total selectivity 
for the determination of a particular steroid ideally depends on a reaction 
taking place on the ring system to form a product with unique photo- 
physical properties. Since this reaction is difficult to achieve, steroid 
fluorescence analysis has depended largely on chemical transformation 
of the steroid skeleton using concentrated mineral acids. The use of 
moderately strong organic acids in steroid analysis has, however, been 
barely explored (5). 


The use of organic acids may reduce the number of reaction products 
and possibly lead to more specific fluorophores from individual steroids. 
In an investigation to develop a new fluorometric method for digoxin 
analysis (8), trichloroacetic acid was highly effective in locating steroidal 
substances as fluorescent and strongly UV-absorbing products on TLC 
plates. Of more than 20 steroids subjected to this reagent, the cardiac 
glycosides and aglycones, 17a-methylandrost-5-ene-3,17-diol (I) and 
17a-methyltestosterone (II), reacted most readily (9). 


Examination of the trichloroacetic acid reaction with I1 under con- 
trolled conditions (10) showed the major product formed to be 
1,2,10,15,16,17 - hexahydro - 10,17,17 - trimethylcyclopenta[a]phen- 
anthren-3-one (111). Other phenanthrenones (IV and V) and cinnamyl- 
idme compounds (VI-VIII) with an approximately similar chromophore 
were synthesized (10-12) and studied to provide information on the 
structural requirements needed for the fluorescence of 111. 


EXPERIMENTAL 


Apparatus-Absorption measurements were obtained on a recording 
spectrophotometer'. Fluorescence spectra were measured with a spec- 
trophotofluorometer2 equipped with a 200-w mercury-xenon lamp and 
an x-y recorder3. The following instrumental settings were used for all 


* Aminco-Bowman, American Instrument Co., Silver Spring, Md. 


Table I-Absorption and Fluorescence Characteristics of 
Phenanthrenones and Cinnamylidene Cumpounds in 80% Phos- 
phoric Acid 


111 480 4.85 465 535 0.0015" 
I V  463 4.23 465 530 0.33" 


V 480 4.19 4'70 550 0.017" 
v1 430 4.49 


320 4.07 370 420 0.03"" 
VIl 430 4.29 380 430 O.04lb 


-. VlII 390 4.42 370 420 O.04lb 


" quantum yields (0,) are relative w fluorescein (dl = 0.8:) in 0.1 N NaOH (19). 
Quantumyields (91) are relativ~,.toquininesulfatec0p, = 0.55) withexcitationat 


:iBti nm (14 )  


fluorescence measurements: slit arrangement, 3; photomultiplier shutter, 
5 mm; and sensitivity control, 45. 


Reagents-Phenanthrenones (I11 -V)  and cinnamylidene compounds 
(VI-VIII) were used without further purification. Analytical grade 88% 
phosphoric acid was diluted with double-distilled absolute ethanol RP 
to provide solutions of varying acidity for absorptiometric and fluoro- 
metric measurements. Analytical grade 60% perchloric acid was prepared 
similarly. Spectrograde hexane was used for IJV studies. 


Solutions for Fluorescence Measurements-Fluorescence ef- 
ficiencies were evaluated by comparing the intensities at the wavelength 
of maximum emission with respect to the emission intensity of the ref- 
erence compound (Table 1). The sample concentration was adjusted 
carefully to give the same absorbance as the reference cornpound at  the 
excitation wavelength chosen. Care was taken to ensure that the con- 
centrations of the samples were well below 1 W  M to avoid reabsorption 
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Figure 3-Relative fluorescence of a 
none IV as a function of phosphoric acid concentration in ethanol. 


M solution ofphenanthre- 


200 250 300 350 400 450 
WAVELENGTH, nrn 


Figure I-Absorption characteristics of phenanthrenone IV in ethanol 
(---I, n-hexane ( . a  -), and 88% H3P04 (X-). 


of the fluorescence emission (15) in the I-cm cell at the right-angle illu- 
mination viewing geometry. 


No differences were observed in intensity on degassing the solutions. 
No corrections were made for the refractive index of the solutions. The 
reproducibility of duplicate determinations of the fluorescence quantum 
yields of the compounds was about f5%, and the emission spectra were 
corrected. 


RESULTS AND DISCUSSION 


The basic phenanthrenone (IV) is essentially identical in structure to 
III without the cyclopentane side chain and differs slightly from V in 
substitution. These phenanthrenones have a very similar chromophore 
to the cinnamylidene compounds (VI-VIII), which are, comparatively, 
floppy molecules. The compounds studied were chosen to elucidate the 


WAVELENGTH, nrn 


Figure 2-Enolization of the chromophore of phenanthrenone IV 
shown as the change in absorption on increasing the phosphoric acid 
concentration from 0 t o  80% in ethanol. 


structural requirements, if any, and conditions necessary to provide 
fluorescence emission of the 17a-methyltestosterone-trichloroacetic acid 
reaction product (111). 


The phenanthrenone (IV) in ethanol showed three absorption bands 
in the UV region (Fig. 1). The intense band at about 350 nm was probably 
due to mr* and nr* absorption of the conjugated chromophore. Of similar 
intensity was the band at 240 nm, which was interpreted as a a?r* tran- 
sition with the character of an intramolecular charge transfer band (16). 
The most intense band, a t  about 200 nm, was probably a perturbed local 
excitation band corresponding to the benzene 'La band. 


The n?r* transition of this compound was not an isolated band. Its 
conjugated system was extended enough for the nr*  band to be swamped 
under the more intense rr* band (17). On changing to hexane, both the 
charge transfer and long wavelength absorption bands showed fine 
structure and were accompanied by solvent shifts of 8 and 13 nm, re- 
spectively, toward shorter wavelengths. Phosphoric acid, however, caused 
a marked change in the chromophore, resulting in the formation of a new 
absorption band in the visible region (Fig. 1). 


TLC evaluation of these ketones revealed that only the phenanthre- 
nones showed appreciable fluorescence; the cinnamylidene compounds 
were nonfluorescent. In both hexane and ethanol, all compounds (III- 
VIII) were nonfluorescent. In both perchloric and phosphoric acids, 
however, they all exhibited intense fluorescence, which was structure and 
pH dependent. 


The effects of pH on the absorption and emission characteristics of IV 
are summarized in Figs. 2 and 3. It is suggested that in strongly acidic 
solvents, enolization of the chromophore occurs (Scheme I) and it is the 
enol form that exhibits fluorescence. This suggestion is consistent with 
the observed disappearance of fluorescence on neutralization of an acidic 
solution of the compound followed by ether extraction and subsequent 
quantitative recovery of the ketonic species. Hence, the fluorescence 
intensity observed correlated closely with polarity (Fig. 3). 


The quantum yields of fluorescence of both phenanthrenones and 
cinnamylidene compounds (Table I) correlated closely with structure. 
Compound IV was the most intensely fluorescent in the series since it had 
the high quantum yield of 0.33. It is likely that the decrease in quantum 
efficiency observed for both 111 and V was due to substitution on the ar- 
omatic ring. The floppy cinnamylidene compounds fluoresced at shorter 
wavelengths than the phenanthrenones, and their quantum yields were 
lower than that of IV by a factor of about 10. Their fluorescence may 
similarly be attributed to possible enolization of the chromophore under 
acid conditions. 


The tert-butyl derivative (VI) is unlikely to enolize in acid. Its fluo- 
rescence may be attributed to the TP* protonated species since the ketone 
was recovered on neutralization. Since both excitation and emission of 
the tert -butyl derivative (VI) and the cinnamylidene compound (VIII) 
occurred at  the same wavelengths (Table I), the fluorescence of the ke- 
tones (111-VIII) may be attributed, at least in part, to the pa* protonated 
species. 


Scheme 1 
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Contact Angles of Pharmaceutical Powders 


C. F. LERK", M. LAGAS, J. P. BOELSTRA, and P. BROERSMA 


Abstract Contact angles of pharmaceutical powders were determined 
by measuring the maximum height of a drop of a saturated solution on 
a presaturated compact of the material. The results for a series of drugs 
are presented. 


Keyphrases Powders, various pharmaceutical-contact angles, 
densities, and surface tensions Contact angles-various pharmaceutical 
powders 0 Densities-various pharmaceutical powders 0 Surface ten- 
sions-various pharmaceutical powders 


The wetting of solid dosage forms is an important initial 
step in the process of drug dissolution both in uitro and in 
uiuo. Determination of contact angles of solids gives a 
measure of their wettability, but problems arise when the 
solid is finely divided as a powder. Recently (l), a method 
that consists essentially of measuring the maximum height 
of a drop of a saturated solution formed on a presaturated 
compact of the material was used successfully. This report 
presents the results of contact angle determinations for an 
additional series of pharmaceutical powders. 


EXPERIMENTAL 


Materials-The materials and standards are listed in Table I. 
Methods-The contact angles were determined using a technique 


described earlier (1). The densities and surface tensions of the saturated 
solutions and the densities of the solids were determined with a balance1, 
a tensiometer2, and an air comparison pycnometer3, respectively. The 
liquid measurements were carried out at  23". Saturated solutions were 
prepared by allowing excess solid to equilibrate with distilled water a t  
a constant temperature of 23". 


RESULTS AND DISCUSSION 


Table I lists the contact angles of more than 50 drugs and excipients. 
The values vary between 21' (ampicillin trihydrate) and 124' (aceto- 


Mohr, G. Kern, Ebingen, West Germany. 
Du Noiiy K 8600 Kriiss, Hamburg, West Germany. 
Model 930, Beckman Instruments Ned. N.V., Amsterdam, The Netherlands. 


Table I-Measured Values of Contact Angles of Pharmaceutical 
Powders Q 


Surface 
Tension, Density Contact 
dynes/ Solid, Angle, 


Material Standard cm g/cm3 0" 


Acetohexamideb - 
Adipic acid" Laboratory grade 
Allobarbitalc Ph. Ned. VI 
Aluminum stearated - 
Aminophyllinee 
Aminophylline 


(anhydIous)C 
Aminopyrine' 
Amobarbitalf 
Ampicillin 


(anhydrous) 
Ampicillin 


trihydratea 
Aprobarbital" 
Barbital 
Boric acid' 
Butabarbitalf 
Butalbitalf 
Butethal 
Calcium carbonatec 
Calcium stearated 
Calcium sulfate 


dihydratec 
Cyclopentobarbitalf 
Diazepam 
Digoxin' 
Ephedrine 


hydrochlorideC 
Heptobarbital' 
Hydrochloro- 


thiazidej 
Indomethacinj 
Isoniazid" 
Isoxsuprine 


hydrochloridek 
Lithium carbonatec 
Lithium chlorided 
Mephobarbitalc 
Meprobamate 
Nitrofurantoinh 
Oxalic acid' 


- 


Ph. Ned. VII 


Ph. Ned. VI 
USP XVII, BP 1973 


- 


- 


NF XI1 
Ph. Ned. VI 
Ph. Ned. VI 
BP 1973 
NF XI11 
BP 1968 
Ph. Ned. VI 


- 
Laboratory grade 


BP 1973 
Ph. Eur. 
Ph. Ned. VI 


Ph. Ned. VI 
USP XVIII 


NF 
Ph. Ned. VI 


Laboratory grade 
Analytical grade 
Ph. Ned. VI 
Ph. Ned. VI 
USP XVIII 
Laboratory grade 


70.7 
58.3 
69.4 
69.4 
71.5 
65.5 


57.5 
55.7 
47.9 


38.6 


57.8 
63.5 
68.0 
62.0 
58.8 
51.0 
72.4 
70.7 
44.5 


60.6 
64.0 
68.1 
48.3 


71.3 
72.4 


71.5 
61.6 
66.0 


71.2 
94.7 
68.3 
51.9 
70.6 
70.7 


1.25 
1.38 
1.28 
1.05 
1.44 
1.44 


1.19 
1.17 
1.37 


1.37 


1.28 
1.24 
1.51 
1.26 
1.25 
1.18 
2.68 
1.03 
2.32 


1.29 
1.37 
1.28 
1.20 


1.47 
1.69 


1.39 
1.42 
1.28 


2.08 
2.08 
1.38 
1.24 
1.69 
1.66 


124 
72 
61 


120 
47 
40 


60 
102 
35 


21 


75 
70 
74 
82 
87 
78 
58 


115 
64 


76 
83 
49 
51 


74 
51 


90 
49 
50 


50 
51 
74 
83 
69 
31 
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Calcium-Prostaglandin Aggregation and 
Its Effect on Prostaglandin Uptake by Isolated 
Rabbit Intestine 


ANWAR B. BIKHAZI*X, NABIL S. NADIR*, and 
JEAN-JACQUES HAJJAR * 


~ ~ ~ 


Abstract 0 A quantitative estimate of the role of calcium ions on the 
lipid-water partition coefficients of prostaglandin El and dinoprost 
suggested the possibility of prostaglandin molecules and calcium ions 
aggregating in a 14:l ratio to produce a lipid-soluble aggregate. The 
aggregation is postulated to be a characteristic of prostaglandin molecules 
as compared to simple fatty acids, e.g., 1-octanoic acid, which, in the 
presence of calcium, behave differently than the prostaglandins. The 
uptake of prostaglandins by the mucosal surface of the rabbit intestine 
increased in the presence of calcium. For example, a t  25 mM calcium, 
prostaglandin El was transported at  approximately twice the rate as in 
the system containing no calcium. The uptake rate of dinoprost was es- 
timated to be three times faster with 10 mM calcium than in the ab- 
sence of calcium. Therefore, it is proposed that a carrier-mediated dif- 
fusion process, for both the prostaglandin molecules and calcium ions, 
takes place in the uptake mechanism. Diffusion Coefficients ranging from 
0.48 X to 7.19 X cm2/sec and permeability coefficients ranging 
from 1.04 X to 15.6 X lo-* cm/sec were estimated for all systems 
studied. 


Keyphrases 0 Prostaglandin El-aggregation with calcium ions, effect 
on lipid-water partition coefficients and uptake by isolated rabbit in- 
testine 0 Dinoprost-aggregation with calcium ions, effect on lipid-water 
partition coefficients and uptake by isolated rabbit intestine 0 Calcium 
ions-aggregation with prostaglandin El  and dinoprost, effect on lipid- 
water partition coefficients and uptake by isolated rabbit intestine 0 
Partition coefficients, lipid-water-prostaglandin El and dinoprost, 
effect of aggregation with calcium ions Intestinal uptake, isolated- 
prostaglandin El and dinoprost, effect of aggregation with calcium 
ions 


Recent studies on the physical, physiological, and bio- 
chemical relationships between prostaglandin and calcium 
dealt with the cellular distribution of prostaglandins (l), 
the prostaglandin and cellular calcium interaction (2-5), 
and the effect of prostaglandin on the GI tract, including 
its influence on glucose, water, and electrolyte absorption 
(6-8). Very few studies attempted to explain the physical 
interaction between calcium and prostaglandins (9,lO). 


The present study attempts to explain the nature of this 
interaction and to correlate the data to prostaglandin 
uptake by the intestinal mucosa of the rabbit. 


EXPERIMENTAL 


Partition Coefficient-The n-octane1-water, 1 -octano12-water, and 
1-octanoic acid3-water partition coefficients of 5,6(r1)-~H-prostaglandin 
El4 (I) and 5,6,8,11,12,14,15(n)-3H-dinoprost (11) were measured as fol- 
lows. In 10-ml screw-capped test tubes, 2.0 ml of the oil phase and 2.0 ml 
of a pH 5 aqueous phase containing the desired amount of I (24.4 X 
mM), I1 (2.88 X mM), and calcium ions (2.5,5.0,10.0,25.0,40.0,50.0, 
75.0,100.0, 150.0, or 200.0 mM) were added. Prior to equilibration, ni- 
trogen gas was cautiously bubbled into each test tube to ensure the dis- 
placement of air from the upper void spaces. The test tubes were then 
tightly capped and attached with rubber bands to the shaft of a rotat- 
ing-bottle disintegration apparatusb. 


The apparatus with the test tubes was put in a stainless steel tank filled 
with water thermostatically controlled at  25'. The motor was allowed 
to rotate, mixing the two phases in the test tubes for 30 min. After 
equilibration, each test tube was detached from the apparatus and al- 
lowed to stand for 15 min at  25' for complete phase separation. Then 1.0 
ml of each oil and aqueous phase was individually pipetted and assayed 
for I and I1 in a three-channel liquid scintillation spectrometer6. The 
calculated partition coefficients were the averages of four samples for each 
oil-water system. 


The same procedure was followed for the estimation of the partition 
coefficient while varying the concentration of I and I1 and keeping the 
concentration of calcium ions constant (5 or 50 mM). 


Partition Coefficient of 1-Octanoic Acid-Since prostaglandins 
are considered to be fatty acids, it was essential to compare their partition 
behavior with that of a fatty acid such as 1-octanoic acid in the presence 
of calcium ions. A potentiometric method was used for the quantitative 
analysis of 1-octanoic acid in the aqueous phase. A standard aqueous 
I-octanoic acid solution (32.0 mM) was prepared and potenti~metrically~ 
titrated with 0.01 N sodium hydroxide. The standard solution was em- 
ployed as the aqueous phase in the partition experiments after the ad- 
dition of the desired amount of calcium ions (0,100, or 200 mM). The oil 
phase chosen was 1-octanol. 


Thus, for a single calcium-ion concentration system, two sets of 250-ml 
separators were prepared. For the 0 mM calcium system (A and A'), 


Eastman Kodak Co., Rochester, N.Y. 
Riedel-De Haen AG, Seelze-Hannover, West Germany. 
Hopkin and Williams Ltd., Chadwell Heath, Essex, England. 
Radiochemical Center, Amersham, Buckinghamshire, England. 
Ernest D. Menold, Lester, Pa. 
Packard Tri-Carb model 3320, Packard Instrument Co., Downers Grove, Ill. 
Radiometer, pH meter model 22, Copenhagen, Denmark. 
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Table 11-Effect of Varvinn Calcium Concentration on the 
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Table I-Effect of Varying Calcium Concentration on the 
Apparent Partition Coefficient a (k’) of I in n-Octane-Water, 1- 
Octanol-Water, and 1-Octanoic Acid-Water Systems 


Calcium-Ion k’ x k’, k ’, 
Concentration, n-Octane- 1-Octanol- 1-Octanoic 


m M b  Water Water Acid-Water 


0 3.20‘ 59.68c 17.67c 
2.5 3.04 66.12 17.50 


10.0 3.07 69.34 19.70 _. . 


25.0 
40.0 
50.0 
75.0 


100.0 


8.20 74.25 19.29 
~ ~. 


3.39 80.14 21.38 
3.48 86.53 20.75 
3.75 85.92 22.39 
3.96 88.97 23.92 


Apparent Partition CodfiAent a (k’) of I1 in n-Octane-Water, 
1-Octanol-Water, and 1-Octanoic Acid-Water Systems 


Calcium-Ion k’ x k‘, k‘, 
Concentration, n-Octane- 1-Octanol- 1-Octanoic 


m M b  Water Water Acid-Water 
0 1.86c 125.25c 37.40‘ 
2.5 2.02 130.00 36.70 


10.0 2.08 134.50 39.40 
25.0 2.05 138.50 45.90 
40.0 2.22 136.00 45.00 
50.0 2.37 146.75 47.60 
75.0 2.52 161.75 51.30 


100.0 3.12 169.00 53.40 ~ . .  . 


150.0 - 91.85 24.70 150.0 3.43 178.50 57.00 
200.0 4.05 98.61 26.40 200.0 3.63 189.25 60.20 


0 The k‘ values are averages of at least four samples. * At pH 5. c The k‘ values 
at 0 mM calcium are values for k, the true partition coefficient. 


separator A contained 200 ml of 32 mM 1-octanoic acid as the aqueous 
phase, while separator A’ contained 200 ml of double-distilled water as 
the aqueous phase. To sets A and A‘, 0.5 ml of 1-octanol as the oil phase 
was added. For the 100 mh4 calcium system (B and B’), separator B 
contained 200 ml of 32 mM 1-octanoic acid with 100 mM calcium ions 
in the aqueous phase, while B‘ contained only 200 ml of 100 mM calcium 
ions as the aqueous phase. A 0.5-ml aliquot of 1-octanol was added to sets 
B and B’ as the oil phase. For the 200 mh4 calcium system (C and C’), 
separator C contained 200 ml of 32 mM 1-octanoic acid with 200 mM 
calcium ions in the aqueous phase, while C’ contained only 200 ml of 200 
mM calcium as the aqueous phase. A 0.5-ml aliquot of 1-octanol was 
added to sets C and C’ as the oil phase. 


The aqueous phases in all sets were adjusted to pH 5 before equili- 
bration. The separators were shaken after attachment to the rotating- 
bottle disintegration apparatus for 30 min at 25O. After equilibration was 
completed, 100 ml of the aqueous phase was filtered through analytical 
filter paper. The filtrate was potentiometrically assayed for 1-octanoic 
acid left in the aqueous phase. The volume of 0.01 N sodium hydroxide 
consumed by sets A‘, B‘, and C’ was subtracted as controls from the vol- 
ume consumed by sets A, B, and C, respectively. If the difference in vol- 
ume of base consumed was not altered, calcium ions had no effect on the 
partition behavior of I-octanoic acid between the 1-octanol and the water 
phase. 


Uptake of I and I1 by Isolated Rabbit Intestine-The treatment 
of animals, apparatus, and sampling and assay of samples were described 
previously (11). Ringer’s solution was not employed in the present study. 
Instead, four calcium chloride solutions (0, 10, 25, and 50 mM) were 
prepared and made isotonic with sodium chloride. The pH of all solutions 
was adjusted to 5. Into these isotonic solutions, the desired amount of 
I (24.4 X mM) or I1 (2.88 X 10-9 mM) was added. 
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12 0.01 0.03 0.1 0.2 
0.003 0.02 


CALCIUM-ION CONCENTRATION, M 
Figure 1-Least-squares line plot of log k’lk versus log calcium con- 
centration as applied to Eq. 8 for I. Key: 0, n-octane-water; & l-oc- 
tanol-water; and B, 1 -0ctanoic acid-water. 


a The k‘ values are averages of at least four samples. * At pH 5. The k‘ values 


Calculations-Partition Coefficient Studies-The true partition 


at 0 mM calcium are values of k ,  the true partition coefficient. 


coefficient, k ,  is defined as: 


where [PGITo represents the total concentration of prostaglandin in the 
oil phase, and [PG]rw is the total concentration of prostaglandin in the 
water phase at  equilibrium. At pH 5 [the pKa of prostaglandins is -6.3 
(12)] and at  0 mM calcium-ion concentration, Eq. 1 completely applies. 
But in the presence of calcium ions in the aqueous phase and at  pH 5, it 
is assumed that the total prostaglandin concentration in the aqueous 
phase is: 


[ P ~ ] T w  = [PGIFw + [PG(Ca2+)nlw (Eq. 2) 


where [PGIFw is the concentration of the free prostaglandin in equilib- 
rium with the prostaglandin-calcium complex, (PG(Ca*+),] w, in the 
aqueous phase. Therefore, the apparent partition coefficient, k’,  can be 
defined as: 


(Eq. 3) 


If it is assumed that the reaction mechanism of the formation of the 
complex, [PG(Ca2+)n]w, is: 


PG + nCa2+ F= PG(Ca2+), 


then: 
[PGIFw ICa2+l wn 


[PG(Ca2+),1 w 
K d  = (Eq. 4) 


I m rn 


f i  A A  
A 
I A A AA 


1 
0.001 0.003 0.01 0.03 0.1 0.2 


0.002 0.02 
CALCIUM-ION CONCENTRATION, M 


Figure 2-Least-squares line plot of log k‘/k versus log calcium con- 
centration as applied t o  Eq. 8 for II. Key: 0,  n-octane-water; A, Z-oc- 
tanol-water; and B, 1-octanoic acid-water. 
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Figure 3-Potentiometric titration plot of millivolts versus milliliters 
of 0.01 N sodium hydroxide for 1-octanoic acid in  the aqueous phase left 
after partitioning. Key: A and A' represent the 0 m M  calcium system, 
and the volume of base consumed was 4.10 ml; B and B' represent the 
100 m M  calcium system, and the volume of base consumed was 4.05 ml; 
and C and C'represent the 200 m M  calcium system, and the volume of 
base consumed was 3.70 ml. 


where Kd is the dissociation constant of the complex. Rearranging Eq. 
4 and substituting for [PG],Pw into Eq. 3 would result in: 


Eagling et al. (10) reported K d  values in the range of 24 f 8; since [Ca2+] 
is in millimoles per liter, one can assume that K d  > [Ca2+]wn. Therefore, 
Eq. 5 is reduced to: 


(Eq. 6) 


Dividing the numerator and the denominator of Eq. 6 by [PGITw, sub- 
stituting with Eq. 1, and rearranging yield: 


(Eq. 7 )  


Taking the logarithm of both sides of Eq. 7, one gets: 


k' [PG(Ca2+)a1 w Kd (Eq. 8) log - = n log[Ca2+]w - log 
k [PGITw 


From Eq. 8, the plot of log k'lk versus log [Ca2+] w should be linear with 
a slope equal to n. 


Intestinal Uptake Studies-The apparatus and the mathematical 


v v  13- 


v 
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= r  
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v 
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= r  
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0 5  1 0  15 20 25 30 35 
MINUTES 


Figure I-plot of 3H-labeled I in counts per 10 min left in solution 
versus t ime in minutes. Key: 0 , O  m M  calcium; B, 10 m M  calcium; A, 
25 m M  calcium; and V, 50 m M  calcium. 


model utilized were as reported previously (11). The following relation- 
ships describe the situation for the uptake rate: 


Separating variables and integrating yield: 


In [PGITw = - !!@ t + constant 
h V w  


where DW represents the aqueous solute diffusion coefficient, A is the 
total surface area of exposed mucosal surface, h is the diffusion layer 
thickness, Vw is the aqueous bulk volume, and t is time. Therefore, when 
the partition coefficient, k', of the solute is relatively large, the data are 
expected to deviate from linearity at  large t .  Consequently, a semiloga- 
rithmic plot of [PGITW versus t yields a straight line a t  the initial data 
points whose slope I- (DwAlhVw)] is the initial uptake rate constant. 
Values of h, VW, and A were experimentally measured and reported (11). 
The value of DW can be calculated from measurement of the initial rate. 
The permeability coefficient, P = Dw/h,  is also calculated. 


RESULTS 


Parti t ion Coefficient of I in Oil-Water Systems-Table I shows 
the true ( k  at 0 mM calcium ions) and the apparent (k')  partition coef- 
ficients calculated for I in n-octane-water, 1-octanol-water, and l-oc- 
tanoic acid-water systems. When Eq. 8 was applied to the data of Table 
I, Fig. 1 was obtained. The best straight lines through all points were 
drawn utilizing the method of least squares. The best least-squares line 
fits shown in Fig. 1 gave average slopes of approximately 0.07. Thus, the 
value of n in Eq. 8 is 0.07. Therefore, for every 14 molecules of I, one ion 
of calcium is needed to produce the complex. 


Parti t ion Coefficient of I1 in Oil-Water Systems-The true ( k  a t  
0 mM calcium ions) and apparent ( k ' )  partition coefficients of I1 are re- 
ported in Table 11. Figure 2 represents a plot of log k'lk versus log [Ca2+] 
of the data in Table 11. The average slope of the least-squares lines in Fig. 
2 was calculated to be around 0.07 and, therefore, is equal to n in Eq. 8. 
Thus, 14 molecules of I1 interact with one ion of calcium to produce the 
complex. 


Effect of Calcium Ions on Partitioning of I-Octanoic Acid in 1- 
Octanol-Water System-Figure 3 represents the data of the poten- 
tiometric titration of 1-octanoic acid with 0.01 N sodium hydroxide. For 
the 0 mM calcium system, 4.10 ml of 0.01 N sodium hydroxide was con- 
sumed for titrating the 1-octanoic acid remaining in the aqueous phase 


0 5 10 15 2 0  25  30 
MINUTES 


Figure 5-Semilogarithmic plot o f  3H-labeled I i n  counts per 10 min  
left in solution versus time in  minutes. Key: 0 , O  m M  calcium; ., 10 m M  
calcium; A, 25 m M  calcium; and V, 50 m M  calcium. The  dotted lines 
join the early experimental data points. Their slopes were employed 
in the  treatment of  the data. 
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Table 111-Estimated Initial Rates and Relative Initial Rates of 
I and I1 into Rabbit Intestine as a Function of Calcium-Ion 
Concentration 


Calcium-Ion Init.ia1 Rate 
Concentration, Constantb, Relative Initial 


mM" min-' Rate Constant' 


7;;und I 
0 1.00 


10.0 0.0492 3.00 
25.0 0.0242 1.48 
50.0 0.0064 0.40 


1.00 
1.40 10.0 0.0552 


25.0 0.0948 2.40 
50.0 0.0208 0.525 


0 


a At pH 5. 
rithmic plot. 
by the initial rate at 0 mM.calcium. 


after equilibration. The volumes of base consumed for the 100 and 200 
mM calcium systems were 4.05 and 3.70 ml of 0.01 N sodium hydroxide, 
respectively. It was concluded, therefore, that the distribution of l-oc- 
tanoic acid between 1-octanol and water was not drastically influenced 
by calcium ions. For example, 4.10 and 4.05 ml of 0.01 N sodium hy- 
droxide were needed to titrate the remaining 1-octanoic acid in the 
aqueous phase, after equilibration, for the 0 and 100 mM calcium-ion 
systems, respectively. 


Effect on Partition Coefficient of Varying Prostaglandin Con- 
centration while Keeping Calcium Concentration Constant-There 
was no observable effect on the apparent partition coefficient when 
varying the I and I1 concentrations while keeping the calcium concen- 
tration constant. 


Uptake of I by Isolated Rabbit Intestine-Figure 4 is a rectangular 
coordinate plot of I (in counts per 10 min) remaining in solution uersus 
time in minutes. Each point on the graph represents at least four exper- 
imental runs. Figure 5 represents the corresponding semilogarithmic plot 
of I concentration in counts per 10 min uersus time. The dotted lines are 
extensions of the slopes to the curves through the initial data points. 


The calculated initial rate constants from the slopes are reported in 
Table 111. The data indicated an increase in the initial rates at 10 and 25 
mM calcium ions as compared to the 0 mM calcium concentration. At 
50 mM calcium, the rate decreased to a value smaller than the rate a t  the 
0 mM calcium-ion concentration. 


Uptake of I1 by Isolated Rabbit Intestine-Figures 6 and 7 repre- 
sent the rectangular and semilogarithmic plots, respectively, of I1 in 
counts per 10 min left uersus time in minutes. The data for I1 showed an 
increase in the initial rate constant and relative initial rates at 10 and 25 
mM calcium as compared to the 0 mM calcium-ion concentration system 
(Table 111). A t  50 mM calcium, the rate decreased to a lower value than 
in the absence of calcium ions. 


Calculated from the first few experimental points of the semiloga- 
Calculated bv dividing the initial rate in the presence of calcium ions 


DISCUSSION 


The results of the partition coefficient studies revealed that I and I1 
interacted with calcium to produce a lipid-soluble complex. As compared 
with ordinary fatty acids, I and I1 showed an increase in the oil-water 
partition coefficient in the presence of calcium ions. The partition coef- 
ficient of 1-octanoic acid between oil and water was not altered in the 
presence of calcium ions. Therefore, the acid (pKa -6.3) at pH 5 appar- 
ently did not favor coordination with the ionic species, thus resulting in 


12 
0 5 10 15 20 25 30 


MINUTES 
Figure 6-Plot of 3H-labeled II in counts per 10 rnin left in solution 
versus time in minutes. Key: 0 , O  mM calcium; m, 10 mM calcium; A, 
25 mM calcium; and V, 50 mM calcium. 


- 


0 5 20 25 30 10 15 
MINUTES 


Figure 7-Semilogarithmic plot of 3H-labeled I I  in counts per I0 min 
left in solution versus time in minutes. Key: 0,0 mM calcium; m, 10 mM 
calcium; A, 25 mM calcium; and V, 50 mM calcium. The dotted lines 
join the early experimental data points. Their slopes were employed 
in the treatment of the data. 


an unsubstantial increase in the oil-water partition coefficient. If con- 
ditions were identical with I and 11, their oil-water partition coefficients 
would remain unchanged in the presence of calcium. However, there was 
a substantial increase in the partition coefficients. Therefore, although 
I and I1 may not have favored coordination with calcium at pH 5, they 
were intermolecularly aggregating (9) to produce aggregates in a ratio 
of 14 prostaglandin molecules to one calcium ion. The formation of the 
lipid-soluble aggregate could be explained on the basis of intermolecular 
hydrophilic and/or hydrophobic bonding, probably similar to surfactant 
aggregation in micelle formation. 


Tables I and I1 show that the partition coefficients of I (which is less 
polar than 11) were higher in the less polar oil-water systems, namely, 
the n-octane-water and 1-octanoic acid-water systems. Even though the 
presence of calcium ions increased the lipid solubility of I and 11, the in- 
herent polarity of the prostaglandin molecules in the aggregated state 
showed the same effect on the k' values. 


The transport studies of I and I1 through the mucosal surface of the 
isolated rabbit intestine revealed a direct influence of calcium ions on 
prostaglandin uptake. The apparatus and techniques employed (11) 
assured constant hydrodynamics at  the mucosal surface and, therefore, 
allowed the quantitative estimation of initial rates, diffusion coefficients, 
and permeability coefficients. 


Table 111 reports the estimated initial uptake rates for I and I1 by the 
rabbit intestine in the absence and presence of calcium. At 10 and 25 mM 
calcium, the relative initial uptake rates increased but were followed by 
a decrease at  50 mM calcium. The decrease at 50 mM calcium may be 
attributed to the toxic effect of calcium on the mucosal membrane at such 
a relatively high concentration. The increase in the relative initial uptake 
rates a t  10 and 25 mM calcium may result from an increase in the mu- 
cosal-water partition tendency of prostaglandins in the prostaglandin- 
calcium aggregated form; ie., the calcium ions and/or the prostaglandin 
molecules could be acting as carrier species (9) in the uptake process. 


Table IV includes the estimated diffusion and permeability coefficients 
of I and I1 utilizing the data in Table 111. The estimated diffusion coef- 
ficient values of I and I1 in the absence of calcium should theoretically 
be equal when calculated by the Stokes-Einstein approximation (Dw 
= 2-4 X 10V cmz/sec). Table IV revealed the DW value of I to be almost 
twice as large as that of I1 at  0 mM calcium, which is in the order of 
magnitude of the ratio of their partition coefficients. The estimated 


Table IV-Estimated Diffusion and Permeability Coefficients of 
I and I1 Uptake into Rabbit Intestine as a Function of Calcium- 
Ion Concentration 


Calcium-Ion Diffusion Permeability 
Concentration, Coefficient, Coefficient. 


mM" cm2/sec x cm/sec x 10-2 


0 
10.0 
25.0 
50.0 


0 


4.26 
7.19 
1.57 v 


6.34 
9.26 


15.60 
3.41 


2.70 ~ -~ 
10.0 3.73 8.10 
25.0 1.83 4.00 
50.0 0.48 1.04 


At pH 5. 
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diffusion coefficients for I and I1 increased as the calcium concentration 
increased and then decreased at  the 50 mM level. The corresponding 
permeability coefficients agreed fairly well with the sequence of the re- 
sults. At 0 mM calcium, the estimated permeability coefficient of I is 
almost double that of 11, which is also in the order of magnitude of the 
ratios of their partition coefficients. The permeability coefficients in- 
creased with an increase in the calcium-ion concentration, followed by 
a decrease at  the 50 mM calcium level. 


It is, therefore, proposed that both the prostaglandin molecules and 
the calcium ions constituting the aggregates crossed intact the diffusion 
barrier into the mucosal surface. Both species were self-carried in a 
fashion similar to a carrier-mediated process through the intestinal 
membrane. 


These results may be important in understanding prostaglandin 
movement through biological fluids and membranes, 
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Thermal Decomposition of 
Amorphous ,&Lactam Antibacterials 


M. J. PIKALX, A. L. LUKES, and J. E. LANG 


Abstract 0 Thermal decomposition rates for amorphous samples of 
penicillin G potassium, cephalothin sodium, cefamandole sodium, and 
cefamandole nafate were determined as a function of water content and 
temperature. Even when rigorously dry, amorphous cephalosporins were 
at  least one order of magnitude less stable than the corresponding un- 
solvated crystalline form. Absorbed water generally increased both the 
number of decomposition products and the net decomposition rate. 
Reaction kinetics were usually apparent first order, but an anomalously 
high effective reaction order was observed in several systems. Nonlinear 
Arrhenius plots were observed, and a qualitative model based on mo- 
lecular relaxation in glasses is proposed. Although decomposition rates 
a t  25” were small for dry samples, even slight decomposition produced 
visually detectable changes. Thus, the unsolvated crystalline form was 
noticeably more stable, even at  25”. 


Keyphrases 0 Decomposition, thermal-amorphous samples of various 
antibacterials, effect of water content and temperature 0 Cephalosporins, 
various-thermal decomposition of amorphous samples, effect of water 
content and temperature Penicillin G potassium-thermal decom- 
position of amorphous samples, effect of water content and temperature 
0 Antibacterials, various-thermal decomposition of amorphous sam- 
ples, effect of water content and temperature 


Cephalosporins are often difficult to obtain in crystalline 
form and, even when crystallized, the products may be 
partially amorphous (1). Thus, information on the stability 
of amorphous forms is necessary. Several organic reactions 
were studied in crystalline solids (2-4), but amorphous 
solids have received little attention. The intuitive notion 
that an amorphous solid is more reactive than the corre- 
sponding crystalline form has some experimental support 
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(5-11) and is probably a useful generalization. However, 
crystalline reactions are often only slightly slower than the 
corresponding reactions in the liquid state (2) and some 
crystalline reactions are considerably faster (12,13). While 
the decomposition of cephalosporins and penicillins in 
aqueous solution has been studied 04-22), data regarding 
thermal decomposition in the amorphous solid state are 
limited to several brief reports where the water content of 
the sample was either high or unspecified (8-11). 


This study investigated the thermal decomposition rates 
of several P-lactam antibacterials in their amorphous and 
unsolvated crystalline forms as a function of temperature 
and water content. The amorphous samples studied were 
amorphous to X-rays and were nonbirefringent when ex- 
amined microscopically under polarized light. The com- 
pounds chosen were penicillin G potassium and three 
cephalosporins: cephalothin sodium, cefamandole sodium, 
and cefamandole nafate. 


EXPERIMENTAL 


Materials-Crystalline cephalothin sodium and crystalline penicillin 
G potassium were commercial samples’. The corresponding amorphous 
samples were prepared by freeze drying from a 20% aqueous solution. To 
avoid partial crystallization, the solutions were frozen and partially dried 
a t  low temperature 1-20’) before allowing the temperature to increase 


Eli Lilly and Co., Indianapolis, Ind. 
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the accelerator in question may be bound to varying degrees to the mi- 
celles and other components of the synthetic bile. Thus, meaningful 
structure-activity relationships can only be considered when the “free” 
concentration, or the thermodynamic activity, of the accelerator is known. 
Further progress in this area depends on conducting studies in which the 
“intrinsic” activities of these agents can be determined. 


A method based on the dialysis rate principle for determining the free 
accelerator concentration in simulated bile is being developed and ap- 
pears feasible (14). It appears, for example, that the actual (or the in- 
trinsic) difference between n-hexylamine and n-octylamine in the cholic 
acid-lecithin media is closer to a factor of 10 or 15 than to the marginal 
difference seen in Table I. As such data become available, one may begin 
to understand the action of these accelerators a t  the molecular level. 


Of course, the search for suitable adjuvants for gallstone dissolution 
in humans uia the oral route will require additional studies on the ab- 
sorption, biliary excretion, metabolism, and toxicity of these compounds. 
While this fact may appear to make this approach impractical or very 
difficult, one needs only to note that VIb, 20,25-diazacholesterol, an es- 
tablished hypocholesterolemic agent, is orally absorbed in humans (15, 
16) and in other animal species. Studies also showed (17) that significant 
percentages of high molecular weight quaternary ammonium cations such 
as dibenzyldimethylammonium, tribenzylmethylammonium, and ben- 
zomethamine are excreted in quantity in rat, rabbit, and human bile when 
given intravenously. Therefore, compounds such as the steroidal amines 
and the bile acid derivatives containing the amine nitrogen or the qua- 
ternary nitrogen functional groups may offer promise for this ap- 
proach. 
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Spectrophotometric Determination of Cephapirin, a 
Cephalosporin Antibacterial 


J. E. BODNAR, W. G. EVANS, and D. L. MAYS” 


Abstract 0 A simple and specific method for the quantitative deter- 
mination of cephapirin, a cephalosporin antibacterial, in finished bulk 
and dosage forms is reported. The method is based on reproducible 
degradation under controlled conditions to an unidentified species, which 
is measured spectrophotometrically at 375 nm. The procedure can be 
performed manually on a short series of samples in about 15 min or can 
be automated for large runs. Precursors and related substances show 
minimal interference. The coefficient of variation of the automated 
system is about 1% within days and 1.3% among days. 


Keyphrases 0 Cephapirin-spectrophotometric analysis, bulk drug 
and pharmaceutical formulations 0 Spectrophotometry-analysis, 
cephapirin, bulk drug and pharmaceutical formulations Antibacteri- 
als-cephapirin, spectrophotometric analysis, bulk drug and pharma- 
ceutical formulations 


~ ~~ 


Cephapirin sodium (I), a new cephalosporin antibacte- 
rial for parenteral use, has the advantage of being less 
painful and better tolerated than cephalothin (1). The two 
methods of analysis officially approved for certification 
are the microbiological agar-plate diffusion method and 


the colorimetric hydroxylamine method (2). However, this 
paper reports a more rapid and selective spectrophoto- 
metric method for convenient and accurate product control 
of finished bulk and dosage forms. The method has been 
automated to accommodate large numbers of stability 
samples. Products arising through hydrolysis of the acetyl 
function show little or no interference. The method is se- 
lective for only a few cephalosporins. 


Manual and automated procedures, the effects of several 
operating conditions, and validation of the method are 
presented. 
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Figure 1-Flow diagram of automated spectrophotometric assay for cephapirin. 


EXPERIMENTAL 


Instrumentation-A standard pH meter' and two spectrophotome- 
ten2 were used for developing the manual method. The automated sys- 
tem consisted of a continuous-flow analyzer3 assembled as shown in Fig. 
1. The spectrophotometeld output was fed into the recorder3 via a special 
adaptor for single-voltage input (3). A proportional temperature con- 
troller5 was used to maintain the heating bath temperature. 


Reagents-Manual Method-The sample diluent was prepared by 
dissolving 51 g of potassium biphthalate6 and 0.9 g of imidazole7 in 800 
ml of water, adjusting the pH to 6.50 f 0.02 with 10 N NaOH, and diluting 
to 1 liter with water. 


Automated Method-The sample diluent was prepared as for the 
manual method but without the imidazole. This reagent, with the addi- 
tion of 5 dropsfliter of polysorbate 2OS, was also used for the continu- 
ous-flow analyzer (Reagent A). The-dialyzer recipient (Reagent B) was 
0.2 M NaCl with 5 dropsfliter of polysorbate 20. Reagent C was prepared 
by dissolving 23 g of potassium biphthalate and 1.0 g of imidazole in 450 
ml of water, adjusting the pH to 6.50 f 0.02 with 10 N NaOH, and diluting 
to 500 ml with water. 


Procedure-Manual Determination-Dissolve 50 mg of cephapirin 
sodium reference standard in 100 ml of sample diluent. Dilute 5-, lo-, 15-, 
20-, and 25-ml aliquots to 50 ml with the diluent. Dissolve samples in 
diluent to contain 0.1-0.2 mg of cephapiridml. Transfer 4 ml of each 
dilution to separate 25-ml volumetric flasks. Stopper the flasks and heat 


' Radiometer model 26. 
Beckman DU and Cary model 14. 
Technicon Autoanalyzer modules as follows: Sampler I1 with a 40hr 1:1 cam, 


Pump 11, a dialyer (370). a heating bath (92") containing 6.1- and 12.2-m (20- and 
40-ft) glass holding coils, and a single-pen recorder. 


Turner model 350. 
RFL Industries model 7-115 with Sensor 27686-3. 
Matheson, Coleman & Bell. 
Eastman Chemical Co. 


*Tween 20, Atlas Products. 
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Figure 2-Absorption spectra of cephapirin in pH 6.5 phosphate buffer 
unheated (-) and heated for 9 min at 100' (- -). 
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Figure 3-Rate of formation of 375-nm chromophore as a function of 
heating time (looo) inseueral buffers. Key: 0,0.25 MpH 6.5phthalate; 
a,O.I MpH6.5phosphate; 0 , O . l  MpH6.5acetate;and 0,0.25MpH 
6.5 phthalate plus 0.013 M imidatole. 


in a boiling water bath for exactly 9 min. 
Immediately after heating, cool the flasks in an ice water bath for about 


1 min. Then allow the flasks to equilibrate to room temperature, and 
dilute them to volume with diluent. Prepare the blanks similarly, but do 
not heat or cool. Determine the absorbance of each standard at  375 nm 
uersus the respective blank. Prepare a standard curve of absorbance 
uersus concentration. Calculate the cephapirin content of the samples 
from the standard curve. 


Automated Determination-Dissolve 100 mg of cephapirin sodium 
reference standard in 100 ml of sample diluent. Dilute 5-, lo-, 15-, 20-, 
and 25-ml aliquots to 25 ml with sample diluent. Prepare samples to 
contain about 0.5 mg of drug/ml of sample diluent. Fill the sample cups 
with standard and sample solutions, applying a set of standards at  both 
the beginning and end of each series of samples. Sample blanks are not 
required but could be obtained by lowering the heating bath temperature 
to 25'. Obtain the absorbance from the peak maxima of standards and 
samples. Prepare a working curve of absorbance uersus concentration, 
and calculate the cephapirin content of samples from the working 
curve. 
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RESULTS AND DISCUSSION 


Optimum Conditions-The UV absorption spectra of heated and 
unheated cephapirin in pH 6.5 phosphate buffer are shown in Fig. 2. The - 


- 


- 


- 


I 1 I I 


5 6 7 8 


Table I-Within-Day Reproducibility of an Automated 
Spectrophotometric Determination of Cephapirin 


Percent Cephapirin in Cephapirin 
Sodium Coefficient of 


Sample Run 1 Run2 Run3 Mean Variation,% 


Day 1 
A 93.4 94.3 - 93.8 0.66 
R 82.8 83.6 83.2 0.68 ~~ ~ - 
C 85.2 83.0 
D 89.5 88.0 
E 88.4 86.5 
F 91.1 90.5 


Pooled standard error = 1.28% 


84.1 1.85 ~~ ~ 


88.8 i.20 
87.4 1.53 
90.8 0.46 


Day 2 
A 94.3 93.7 - 3 5 7  94.6 1.59 
B 84.1 83.2 84.2 83.8 0.65 
C 80.8 81.4 81.2 81.1 0.38 
D 91.1 89.2 91.1 90.5 1.21 
E 90.7 91.1 90.2 90.7 0.50 
F 91.9 92.1 91.3 91.8 0.46 


Pooled standard error = 0.92% 
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Table 11-Across-Day Reproducibility of a n  Automated 
SDectroDhotometric Determination of Ceuhauirin 


Percent Cephapirin in Cephapirin Sodium Coefficient of 
SamDle Dav 1 Dav2 Dav3 Day4 Day5 Mean Variation,% 


C. 94.1 95.2 94.3 93.1 94.2 94.2 0.8 - -. - 
H 94.1 94.7 95.5 93.3 94.9 94.5 0.9 
I 93.8 94.8 95.1 92.7 92.7 93.8 1.2 


Pooled standard error = 0.98% 


treated samples showed partial loss of the main peak at  258 nm and 
generation of new peaks at  320 and 375 nm. The peak at 375 nm was 
chosen for analytical purposes, since interferences generally occurred 
less frequently toward the visible region. The unheated sample made a 
suitable blank. When heated at  loOo, the chromophore increased rapidly, 
reaching a maximum in about 9 min, and then decreased slowly (Fig. 3). 
The absorbance remained constant for at least 1 hr after cooling. 


A plot of absorbance at 375 nm uersus concentration was linear and 
passed through the origin, obeying Beer's law over a fivefold concentra- 
tion range (8-40 pg/ml in the final dilution for the manual method and 
200-1000 pg/ml in the sample cup for the automated method). The limit 
of detection was about 2 pg/ml for the manual method and about 50 pg/ml 
for the automated procedure. 


The chromophore intensity was pH dependent, with the maximum 
response observed at  pH 6.5 (Fig. 4). Phosphate, acetate, or phthalate 
buffers can be used (Fig. 3). Other buffers (borate, citrate, glycine, and 
tromethamine), especially those containing chloride ion, are not suitable. 
Sample absorbance was increased in the presence of imidazole but was 
relatively independent of imidazole concentration over a broad range 
(Figs. 3 and 5). 


Reproducibility and Accuracy-The pooled standard error among 
automated runs within 1 day on an assortment of crude samples was 
calculated from replicate runs made on 2 separate days (Table I). In both 
cases, the within-day standard error was less than 1.5%. The reproduc- 
ibility of results across days is shown in Table 11. A comparison of results 
obtained between days on good quality samples yielded a pooled standard 
error of less than 1%. 


Results of a series of samples analyzed by both the automated spec- 
trophotometric and the biological turbidimetric methods are shown in 
Table 111. Results of the proposed procedure agreed within 1% overall 
with those of the standard biological method. The average absolute error 
was 1.7%. 


Specificity-There appeared to be little or no interference from 7- 
aminocephalosporanic acid or the desacetyl derivative of cephapirin and 
only slight interference from the lactone of the desacetyl derivative, all 
potential impurities in cephapirin (Table IV). Cephapirin treated for 15 
min with cephalo~porinase~ yielded no measurable 375-nm chromophore 
upon heating, demonstrating that cephapirin degradation products 
arising uia p-lactam cleavage did not interfere. 


Several commercial cephalosporins and intermediates in cephapirin 
production were screened for applicability of the method. In addition 







Table 111-Comparison of Automated Spectrophotometric and 
Biological Turbidimetric Methods of Determination of 
Cephapirin (Percent) in Cephapirin Sodium 


Table IV-Percent Recovery of Assayed Cephapirin Content of 
Cephapirin Sodium after Spiking with Potential Impurities 


ProDortion of ImDuritv 
Chemical Biological 


Sample Methodn Method 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 ~. 


11 
12 
13 
14 
15 
16 
17 


94.0 
92.8 
90.5 
92.5 ~. 


90.3 
93.6 
92.7 
93.9 
91.9 
94.2 
94.3 
94.2 
94.2 
94.5 
93.8 
94.2 
94.2 


90.5 
91.5 
92.5 
93.5 
93.5 
93.5 
90.3 
92.7 
93.0 
91.0 . ~ .  


92.0 
92.0 
91.5 
92.0 
93.5 
94.0 
95.0 


18 93.2 93.5 
19 92.6 94.0 


Average 93.2 92.5 
Average absolute deviation = 1.7% 
Overall deviation = 0.7% 


individual determinations made on 2 or 3 separate days. 
Each result is the mean of four determinations. * Each result is the mean of 


to cephapirin, cephalothin sodium and cephalosporin D sodium'O can 
be determined by this method. Cephalosporins that do not respond to 
the test include cephaloridine, cefazolin sodium, cephalexin, and 
cephalosporin C sodium. 


Mechanism of Reaction-Consideration of the structures of the 
cephalosporins that respond to the test indicates that an easily displaced 
3-methyl substituent is required for chromophore formation and that 
a primary amine in the 7-position substituent inhibits the conversion. 
The heated solution appeared to contain a mixture of products, since 
some of the 258-nm absorption band remained. The species absorbing 
at 375 nm has not been isolated. When using TLC or column chroma- 
tography, the concentration of the test solution was insufficient. At a 
substantially greater concentration, the conversion was very poor and 
essentially cephapirin was recovered. Upon lyophilization, the 375-nm 
absorption was lost, indicating either further degradation or loss by 
volatility. 


Upon heating under controlled conditions, penicillins rearrange to 
penicillenic acids which have UV absorption around 320 nm. These 
penicillenic acids are stabilized by copper or mercury salts and catalyzed 
by imidazole to give much higher conversion yields (4,5). Addition of 
copper sulfate or mercuric chloride to the cephapirin test solution dras- 
tically diminished the 375-nm absorbance, indicating that a penicillenic 
acid type of rearrangement was not involved. 


If external or internal nucleophilic displacement of the acetoxy group 
is involved, then addition of reagents known to displace this group might 


>' I 


L a: 
5 
0 OO 1 2 3 4 5 


IMIDAZOLE CONCENTRATION, M X lo-' I 


Figure 5-Molar absorptivity at 375 nm in 0.25 Mphthalate buffer as 
a function of imidazole concentration (heated for 9 min at 100"). 


10 Cephalosporin D, the N-isobutyloxycarbonyl derivative of cephalosporin C, 
is an intermediate in the production of 7-aminocephalosporanic acid. 


- I  


Grand 
10% Mean,% 


a Added 
Impurity Added Run 1% 5% 


7-Aminocephalosporanic 1 98.8 99.6 100.4 
acid 2 99.6 100.4 100.4 


3 100.9 100.9 101.7 


Desacetyl derivative of 1 99.6 98.0 99.6 
cephapirin 2 98.1 98.1 98.1 


3 100.9 100.9 102.4 


Mean 99.8 100.3 100.8 100.3 


Mean 99.5 99.0 
Lactone of desacetyl 1 100.4 101.2 


derivative 2 100.4 101.2 
Mean 100.4 101.2 


100.0 99.5 
102.7 
103.5 
103.1 101.6 


be expected to increase or decrease the reaction yield. Various hetero- 
cyclic tertiary mines (6,7) including niacinamide (8) displace the acetoxy 
group. Addition of niacinamide had no effect on chromophore develop- 
ment, which may suggest that any displacement of the acetoxy group 
must occur from internal expulsion of that group as a result of an internal 
rearrangement. 


Imidazole is known to catalyze hydroxylaminolysis of the @-lactam of 
penicillins (9). The addition of imidazole to this reaction showed some 
increase in yield of the 375-nm absorbing species, and the amount of yield 
increase was only slightly dependent on imidazole concentration over 
a broad range. This finding might suggest that the reaction is initiated 
through the @-lactam of cephapirin and is catalyzed by imidazole. Some 
molecular rearrangement occurs, giving perhaps a number of products, 
one or more of which absorb at  375 nm. The apparent necessity of the 
acetoxy group in the molecule may simply correlate with those 
cephalosporins having less stable 8-lactams. An optimum pH of near 
neutral is consistent, since simple lactam hydrolysis with further rapid 
degradation may compete with the observed rearrangement at higher 
pH values. 


These suggestions, however, are quite speculative; definite conclusions 
must await more evidence. 
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RESEARCH ARTICLES 


Sulfur-Containing Derivatives of 
Amphetamine: Thioureas, Methanesulfonamides, and 
Trifluoromethanesulfonamides 


WILLIAM 0. FOYEX and JAYANT N. SANE 


Abstract 0 N-Methylthiourea, methanesulfonamide, and trifluoro- 
methanesulfonamide derivatives of amphetamine, 4-nitroamphetamine, 
and 4-aminoamphetamine were synthesized. The N-methylthiourea 
derivative of amphetamine, as well as the triethylammonium salt of 
the dithiocarbamate, produced significant depressor effects in normo- 
tensive dogs. N,N’-Bis(methanesulfonyl)-1-methyl-2-(4~amino- 
pheny1)ethylamine and N-trifluoromethanesulfonyl-1-methyl-2-phe- 
nylethylamine, but not N-methanesulfonyl-1-methyl-2-phenylethylamine 
and N-trifluoroacetyl-1-methyl-2-(4-trifluoromethanesulfonamido- 
phenyl)ethylamine, showed significant antiobesity effects in rats. 


Keyphrases 0 Amphetamine analogs-various sulfur-containing de- 
rivatives synthesized, evaluated for central stimulant and anorexic effects, 
rats 0 2-Phenylethylamines, substituted-various sulfur-containing 
amphetamine derivatives synthesized, evaluated for central stimulant 
and anorexic effects, rats Stimulant activity-various sulfur-containing 
amphetamine derivatives evaluated Anorexic activity-various sul- 
fur-containing amphetamine derivatives evaluated Structure-activity 
relationships-various sulfur-containing amphetamine derivatives 
evaluated for central stimulant and anorexic activity 


Conversion of the amino group of the 2-phenylethyl- 
amine structure to dithiocarbamate and thiourea groups, 
with the intention of providing copper-binding ligands to 
inhibit dopamine P-hydroxylase, resulted in compounds 
with blood pressure lowering effects (1). Similarly, con- 
version of the 2-phenylethylamine structure to meth- 
anesulfonamides, both of the aliphatic nitrogen and in the 
para-position of the ring, also gave compounds that low- 
ered blood pressure in hypertensive rats and dogs (2). The 
methanesulfonamide of dextroamphetamine produced a 
similar result (2). Previously, inclusion of the alkanesul- 
fonamide group in the aromatic ring of phenylethanola- 
mines was shown to confer either adrenergic stimulant or 
blocking activity, the latter generally in conjunction with 
an isopropyl or larger group on the aliphatic nitrogen (3, 
4). 


To investigate further the effect of converting the ali- 
phatic amino group of 2-phenylethylamines, particularly 
the amphetamine structure, to an acidic function, 
methanesulfonamido, trifluoromethanesulfonamido, and 
trifluoroacetyl derivatives of amphetamine, 4-nitroam- 
phetamine, and 4-aminoamphetamine were prepared. 
Thiourea derivatives also were prepared, since a number 
of thiourea derivatives have shown inhibitory activity 
against dopamine 0-hydroxylase (5) and the aliphatic 
amino is converted to an acidic function. Several corre- 
sponding derivatives of 2-phenylethylamine also were 
obtained. 


Since both tyramine and the 4-hydroxy derivative of 
amphetamine are better substrates for dopamine 8-hy- 
droxylase than the nonhydroxylated compounds (6), the 


inclusion of the para-substituents in the amphetamine 
structure should provide compounds with potential for 
activity as inhibitors of dopamine P-hydroxylase. Larsen 
and Lish (7) pointed out that methanesulfonamides may 
be considered bioisosteres of the phenolic function. 


The possibility exists that by conversion of the basic 
nitrogen of the amphetamine structure to an acidic func- 
tion or by introduction of an essentially acidic function into 
the para-position of amphetamine, some of the charac- 
teristic pharmacological effects of amphetamine might be 
lost and others retained. Some ring substitutions in 2- 
phenylethylamine dithiocarbamates resulted in a loss of 
behavioral effects (8). Several pharmacological activities 
to be expected from amphetamine, including blood pres- 
sure effects, central nervous system (CNS) stimulation, 
behavioral effects, and antiobesity effects, have been ob- 
served in animals on treatment with these compounds. 


DISCUSSION 


Chemistry-Ammonium (+)-1-methyl-2-phenylethyldithiocarba- 
mate was prepared previously and showed behavioral effects somewhat 
different from those of amphetamine (8). Since the compound was rather 
unstable, the triethylammonium salt was obtained to provide a product 
of greater stability. Nitration of amphetamine was carried out by the 
procedure of Holland et al. (9), in which the para-isomer was separated 
by fractional crystallization of the trifluoroacetyl derivative. Hydroge- 
nation of the para-nitro group was achieved with either the N-trifluo- 
roacetyl derivative (9) or 4-nitroamphetamine obtained by hydrolysis 
of the N-trifluoroacetyl derivative, using platinum oxide as the cata- 
lyst. 


The methanesulfonamide and trifluoroacetamide derivatives were 
readily obtained from methanesulfonyl chloride and trifluoroacetic an- 
hydride. Preparation of the trifluoromethanesulfonamides proved to be 
more difficult, but they were obtained by use of trifluoromethanesulfonic 
anhydride in dry ether. Vacuum distillation of the resulting liquids 
generally gave low melting solids. Methylthiourea derivatives were ob- 
tained from methyl isothiocyanate; many of these products were ex- 
tremely hygroscopic and had to be stored under dry nitrogen and in 


Attempts also were made to obtain 4-trifluoroacetamido-2-phen- 
ylethylamine, 4-trifluoromethanesulfonamido-2-phenylethylamine, and 
4-methanesulfonamido-2-phenylethylamine from the respective benzyl 
cyanide derivatives; catalytic hydrogenation with various catalysts and 
such reducing agents as lithium aluminum hydride, diborane, and sodium 
borohydride failed to provide pure products. The compounds prepared 
are listed in Table I. 


Biological Results*-Behavioral effects in rats were observed con- 
tinuously for 6 hr and daily for I days after dosing with N,N’- bis(meth- 
anesulfonyl) - 1 -methyl- 2- (4-aminopheny1)ethylamine (XI). An oral dose 
of 25 mg/kg in three rats caused low body posture (2/3), moderately de- 
creased spontaneous motor activity (2/3), and slight (1/3) or moderate 


1 The behavioral observations and antiobesit tests were carried out at Smith 
Kline 8c French Laboratories. Results were maie available through the courtesy 


uacuo. 


of Dr. J. W. Wilson. 
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CH 3 


R,+CHdHNHR. Table I-Derivatives of Amphetamine and Related Compounds 
-~~__-I_____---- ________- 


Analysis, % 
__.-_____ Com- Melting 


pound Rl R2 Formula Yield, % Point Calc. Found 


I (+)  


II(+ ) 


I I I (+)  


IV( f ) 


V(+)  


VI(+)  


VII(? ) 


VIII( t ) 


IX(+ 1 


X(? ) 


XI(? ) 


XII(+ ) 


XIII( i ) 


XIV(+) 


xv 


XVI 


XVII 


XVIII 


XIX 


CF,CONH 


CF,CONH 


CF,SO,NH 


CH,NHC(=S)NH 


CH,SO NH 


CF,CONH 


CH,S02NH 


CF,CONH 


H 


CF3CONH 


CF3S02NH 


CF,CONH 


CF,SO,NH 


C( =S)NHCH, 


SO,CF, 


C(=S)NHCH, 


SO,CF, 


SO,CH, 


C(=S)NHCH, 


COCF, 


COCF, 


C(=S)NHCH, 


SO,CH, 


SO,CH, 


C(=S)NHCH, 


SO,CF, 


COCF, '1 2H10F6N,02 


SO,CF, C 1 0 H 1 0 F 6 N 2 0 ~ S 2  


46 


65 


40 


69 


25 


79 


66 


76 


37 


67 


50 


20 


- 


26 


35 


51  


33 


70 


18 


- 


- 


75-78" 


41-43" 


4 2-4 5" 


95-98" 


147-149" 


173-1 7 6" 


121-123" 


99-102" 


105 -1 08" 


157-160" 


45-50" 


143-145" 


35-38" 


210-212" 


143-145" 


153-1 56" 


1 0 5 - 1 0 8" 


C 61.54 61.3 
H 8.87 9.0 
N 8.97 8.3 
S 20.51 20.2 
C 63.46 63.7 
H 7.69 7.8 
N 13.46 13.4 
c 44.94 44.8 
H 4.49 4.46 
N 5.24 5.22 
S 11.98 12.36 
C 52.17 52.0 
H 5.93 6.1 
N 16.60 16.3 
C 38.46 38.7 
H 3.53 3.8 
N 8.97 9.2 
S 10.26 10.3 
C 46.51 46.53 
H 5.43 5.41 
N 10.81 10.65 
S 12.40 12.32 
C 48.90 49.2 
H 5.02 5.1 
N 13.17 12.7 
S 10.03 9.8 
C 45.61 45.34 
H 3.51 3.72 
F 33.33 32.9 
N 8.19 7.98 
C 38.10 38.22 
H 3.17 3.24 
N 7.41 7.50 
C 52.70 52.62 
H 6.76 7.21 
N 18.92 18.90 
C 43.14 42.7 
H 5.88 5.5 
N 9.15 8.8 
c 44.44 44.7 
H 4.63 4.7 
N 8.64 8.8 
C 47.84 48.3 
H 6.31 6.4 
N 13.95 13.6 
C 38.10 38.2 
H 3.17 3.2 
N 7.41 7.7 s 8.47 8.1 


C 42.29 42.06 
H 3.95 3.87 
N 5.54 5.34 
S 13.00 12.85 
C 43.90 44.06 
H 3.05 2.96 
N 8.54 8.53 
C 30.00 30.2 
H 2.50 2.6 
N 7.00 6.8 


C 52.63 52.56 
H 3.07 3.27 
N 12.28 12.20 
C 40.91 40.8 
H 2.65 2.7 
N 10.61 10.5 s 12.12 12.1 


(1/3) hypothermia. The bis(trifluoroacety1) derivative (VIII), however, 
showed most of the behavioral effects of amphetamine, whereas IX had 
no overt effects at the same dose level. 


In antiobesity tests, oral administration of 25 mgkg of the same 


compound to rats daily for 5 days significantly reduced 1-hr food con- 
sumption as well as 5-hr food consumption over the 5-day period. There 
was also a significant change in body weight gain compared to controls 
during the 5-day test period. 
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Oral administration of 25 mglkg of 111 to rats in the antiobesity test 
significantly reduced both 1- and 5-hr food consumptions over the 5-day 
period. There was also a significant change in body weight gain compared 
to controls during this period. However, oral administration of 25 mgkg 
of N-methanesulfonyl-l-methyl-2-phenylethylamine, previously pre- 
pared (2), to rats significantly reduced 1-hr food consumption only on 
Day 4 and failed to reduce 5-hr food consumption significantly. There 
was no significant change in body weight gain for this compound com- 
pared to controls over the 5-day period. Oral administration of 25 mghg 
of N-trifluoroacetyl-l-methyl-2-(4-trifluoromethanesulfonamido- 
pheny1)ethylamine (IX) to rats failed to produce a significant reduction 
in either 1- or 5-hr food consumption. There was, however, a significant 
reduction in body weight compared to controls over the 5-day test peri- 
od. 


The following cardiovascular effects were observed2. The triet hyl- 
ammonium salt of the dithiocarbamate of amphetamine (I) and the 
N-methylthiourea of amphetamine (11) both produced significant de- 
pressor effects at doses of 4 mgkg in normotensive dogs anesthetized with 
urethan-chloralose, with I being the most potent (10). Both compounds 
caused CNS stimulation, significantly reduced the effects of ephedrine 
in rats, and reduced hexobarbital sleeping time in mice. In addition, the 
typical stereotyped behavior of amphetamine was observed in mice, along 
with increased motor activity and mydriasis. 


Whereas the dithiocarbamate and methylthiourea of amphetamine 
retained much of the behavioral pattern of amphetamine, the more 
negatively N-substituted bis(methanesulfony1) derivative (XI) lost most 
of these behavioral effects while retaining the ability to suppress appetite. 
Conversion of the nitrogen of amphetamine to a negatively substituted 
amide was not the sole requirement for this combination of effects, 
however, since the N-methanesulfonyl derivative of amphetamine (2) 
and IX showed no significant appetite suppressant effects. 


EXPERIMENTAL3 


The following procedures are representative. 
Triethylammonium (+)-l-Methyl-2-phenylethyldithiocarbamate 


(1)-To a cooled solution of 5.44 g (0.04 mole) of dextroamphetamine 
in 25 ml of absolute ethanol was added, with stirring, 6.06 g (0.06 mole) 
of triethylamine. To this solution was added dropwise 4.56 g (0.06 mole) 
of carbon disulfide. Stirring was continued for 24 hr, and the dark-yellow 
liquid was evaporated in a rotary evaporator, leaving a sticky, yellow 
residue. This residue was washed with dry ether and dried in uacuo, giving 
5.8 g (46%) of yellow oil; IR (film): 3220 (NH), 2620 (NH+), 1300 (C=S), 
and 970 (C=S) cm-l; [a]$? +32.1' (c = 1, ethyl acetate); ng 1.6011. 


Anal.-Calc. for C16H28N2S2: C, 61.54; H, 8.97; N, 8.97; S, 20.51. Found 
C, 61.3; H, 9.0; N, 8.5; S, 20.2. 
(&)-1-Methyl-3-(1-methyl-2-phenylethyl)thiourea (11)-To a 


solution of 2.72 g (0.02 mole) of dextroamphetamine in 25 ml of absolute 
ethanol was added dropwise, with stirring, 1.125 g (0.025 mole) of methyl 
isothiocyanate in 10 ml of absolute ethanol. The mixture was refluxed 
for 12 hr and was allowed to cool, and the solvent was removed in a rotary 
evaporator. The sticky residue was washed with petroleum ether and 
dried in uucuo. A 65% yield of brown oil was obtained; IR (film): 3220 
(NH), 1250 (C=S), and 970 (C=S) cm-'; nb' 1.6042. 


Anal.-Calc. for CllH16N2s C, 63.46; H, 7.69; N, 13.46. Found: C, 63.7; 
H, 7.8; N, 13.4. 


(+) - N - Trifluoromethanesulfonyl-1-methyl-2-phenylethyl- 
amine (111)-To a cooled solution of 2.72 g (0.02 mole) of dextroam- 
phetamine in 25 ml of ether was added, with stirring, 7.05 g (0.025 mole) 
of trifluoromethanesulfonic anhydride (8) in 25 ml of ether. The mixture 
was stirred for 3 hr, refrigerated overnight, and filtered; the solvent was 
removed in a rotary evaporator. The white solid was recrystallized from 
petroleum ether (bp 30-60'), giving 2.1 g (40%), mp 75-78'; IR (potas- 
sium bromide): 3300 (NH), 1600 (NH), and 1175-1225 (Son) cm-l; [a]g 
+21.0° (c = 1, ethyl acetate). 


2 C. S. Venugopalan, Pharmacology Department, Massachusetts College of 
Pharmacy. 


3 Melting points were determined in capillaries with a Mel-Temp melting- oint 
block and are uncorrected. IR absorption spectra were obtained with a Perkin-&mer 
model 137B spectrophotometer. Optical rotations were obtained with a Carl Zeiss 
polarimeter. NMR spectra were determined with a Varian T60 spectrometer usin 
tetramethylsilane as the internal standard. Elemental analyses were performefi 
by Dr. F. B. Straw, Oxford, England, or by Dr. Carol K. Fitz of Carlisle, Mass. TLC 
was carried out using silica gel, and products were detected by exposure to iodine 
vapor. Dextroamphetamine, 4-aminobenzyl cyanide, 4-amino-2-phenylethylamine, 
trifluoroacetic anhydride, methyl isothiocyanate, and methanesulfonyl chloride 
were obtained from Aldrich Chemical Co. Trifluoromethanesulfonic acid was ob- 
tained from the 3M Co. 


Anal.-Calc. for C ~ O H ~ ~ F ~ N O ~ S :  C, 44.94; H, 4.49; N, 5.24; S, 11.98. 
Found: C, 44.8; H, 4.46; N, 5.22; S, 12.36. 


(+) - 1 -Methyl-%- (4-nitropheny1)ethylamine-A mixture of 11.0 
g (0.04 mole) of (+)-N-trifluoroacetyl-l-methyl-2-(4-nitrophenyl)eth- 
ylamine (9) and 120 ml of 1 N sodium hydroxide in 180 ml of di- 
methoxyethane was stirred at  25' for 3 hr under nitrogen. The dime- 
thoxyethane was removed in uacuo, and the aqueous portion was ex- 
tracted three times with 70-ml portions of methylene chloride. The 
combined extracts were washed three times with 50-ml portions of water 
and dried over anhydrous sodium sulfate. The solvent was removed in 
a rotary evaporator, leaving 5 g (95%) of residual oil. This oil was con- 
verted to the hydrochloride, mp 195-199' [lit. (11) mp 197-199'1; [.]kg 
+30.0' (c = 4, ethyl acetate). 


(+) - N - Methanesulfonyl-l-methyl-2-(4-nitrophenyl)ethyl- 
amine (V1)-To a cooled solution of 9.0 g (0.05 mole) of (+)-I-methyl- 
2-(4-nitrophenyl)ethylamine in 50 ml of methylene chloride were added 
dropwise, with stirring, 5.92 g (0.052 mole) of methanesulfonyl chloride 
in 40 ml of methylene chloride and 5.25 g (0.052 mole) of triethylamine 
in 40 ml of methylene chloride. The mixture was then allowed to reach 
room temperature and was stirred for 12 hr. The resulting solution was 
washed with 1 N hydrochloric acid and water, dried over anhydrous so- 
dium sulfate, and evaporated in a rotary evaporator. The brown residue 
was dissolved in hot benzene, treated with charcoal, and filtered. The 
cooled filtrate gave 10 g (79%) of the desired product, mp 95-98'; IR 
(potassium bromide): 3270 (NH), 1500 (NOz), and 1145 (SOz) cm-1; [a]g 
+30.0' (c = 1, ethyl acetate). 


Anal.-Calc. for C ~ O H I ~ N ~ O ~ S :  C, 46.51; H, 5.43; N, 10.81; S, 12.40. 
Found C, 46.53; H, 5.41; N, 10.65; S, 12.32. 
(+)-l-Methyl-2-(4-aminophenyl)ethylamine-(+)-l-Methyl - 2- 


(4-nitropheny1)ethylamine (18 g, 0.1 mole) in 200 ml of tetrahydrofuran 
with 0.3 g of platinum dioxide was hydrogenated at 4 atm. After the 
theoretical amount of hydrogen had been taken up, the catalyst was fil- 
tered and the solvent was removed in a rotary evaporator. A yield of 14.2 
g (95%) of compound was obtained; the dihydrochloride melted at  
255-260' [lit. (12) mp 258-260'1; [a]b9 +15.8' (c = 1, ethyl acetate). 


(*) -N,N'-Bis(trifluoroacetyl)-l-methyl-2 - (4 - aminopheny1)- 
ethylamine (VII1)-To a cooled solution of 2.46 g (0.01 mole) of (&)- 
l-methyl-2-(4-aminophenyl)ethyltrifluoroacetamide (9) in 50 ml of 
benzene was added 2.94 g (0.014 mole) of trifluoroacetic anhydride 
dropwise over 10 min. The mixture was brought to room temperature and 
refluxed for 3 hr. It was refrigerated overnight, and the white solid was 
filtered, washed with dilute hydrochloric acid and water, and dried in a 
vacuum desiccator. The product was recrystallized from chloroform, 
giving 2.6 g (76%) of white solid, mp 173-176O; IR (potassium bromide): 
3300 (NH), 1700 (C=O), 1550 (amide), and 1150 (CF,) cm-1. 


Anal.-Calc. for C ~ ~ H ~ Z F ~ N ~ O Z :  C, 45.61; H, 3.51; F, 33.33; N, 8.19. 
Found: C, 45.34; H, 3.72; F, 32.9; N, 7.98. 
(f)-N-Methanesulfonyl-1-methyl-2-(4 - trifluoroacetylamino- 


pheny1)ethylamine (XU)-A solution of 2.28 g (0.01 mole) of VI in 200 
ml of absolute ethanol with 0.65 g of 5% platinum-on-charcoal was hy- 
drogenated at 3 atm. After 48 hr, the mixture was filtered and the solvent 
was removed in uacuo. The residual viscous liquid was dissolved in 250 
ml of benzene, and trifluoroacetic anhydride (2.1 g, 0.015 mole) was added 
with stirring. The mixture was refluxed for 3 hr, allowed to cool, and re- 
frigerated overnight. The resulting solid was filtered, washed with water, 
and dried in uacuo. It was recrystallized from ethanol-water, giving 0.5 
g, mp 157-160'; IR (potassium bromide): 3270 (NH) and 1700 (C=O) 
cm-1. 


Anal.-Calc. for C12H15FSN203S: C, 44.44; H, 4.63; N, 8.64. Found C, 
44.7; H, 4.7; N, 8.8. 
(f)-l-Methyl-3-[l-methyl-2 - (4 - methanesulfonamidopheny1)- 


ethyllthiourea (XII1)-A solution of 2.28 g (0.01 mole) of VI in 200 ml 
of absolute ethanol with 0.65 g of 5% platinum-on-charcoal was hydro- 
genated at  3 atm. After 48 hr, the mixture was filtered and the solvent 
was removed in uacuo. The residual viscous liquid was dissolved in 50 
ml of absolute ethanol, and 0.85 g (0.008 mole) of methyl isothiocyanate 
was added. The mixture was refluxed for 3 hr, the solvent was removed 
in uacuo, and the residue was washed with dry ether and dried in uacuo, 
mp 45-50'; IR (film): 3350 (NH), 1300-1335 (SOz), and 1135-1165 (SOz) 
crn-'. 


And-Calc. for Cl2H19N30zS2: C, 47.84; H, 6.31; N, 13.95. Found: C, 
48.2; H, 6.4; N, 13.6. 


(+)-N-Trifl uoromethanesulfonyl-1 -methyl-2 - (4 - nitrophen- 
y1)ethylamine (V)-To a cooled solution of 9.0 g (0.05 mole) of (+)-l- 
methyl-2-(4-nitrophenyl)ethylamine in 30 ml of anhydrous ether was 
added, with stirring, 14.6 g (0.052 mole) of trifluoromethanesulfonic 
anhydride in 20 ml of anhydrous ether. The resulting mixture was stirred 
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for 12 hr and refrigerated overnight. The precipitate was filtered and 
washed with dry ether, and the filtrate was evaporated in uacuo, leaving 
an oil. This oil was distilled at  165-170'/0.2 mm, giving 3.8 g (25%) of a 
solid, mp 42-45'; IR (potassium bromide): 3300 (NH), 1520 (Nod ,  
1335-1375, and 1125-1150 (SOz) cm-l; [alp +37.0° (c = 1, ethyl ace- 
tate). 


Anal.-Calc. for C10HllF3N20& C, 38.46; H, 3.53; N, 8.97; S, 10.26. 
Found: C, 38.7; H, 3.8; N, 9.2; S, 10.3. 
(+)-N-Trifluoromethanesulfonyl-1-methyl-2 - (4 - trifluoroace- 


tylaminopheny1)ethylamine (X1V)-A solution of 3.12 g (0.01 mole) 
of V in 150 ml of tetrahydrofuran with 0.4 g of platinum dioxide was hy- 
drogenated at 3 atm. After 48 hr, the solution was filtered and the solvent 
was removed in uacuo. The residual viscous liquid was dissolved in 250 
ml of benzene; to this solution was added, with stirring, 2.1 g (0.015 mole) 
of trifluoroacetic anhydride. The mixture was refluxed for 3 hr, allowed 
to cool, and refrigerated overnight. The resulting solid was filtered, 
washed with water, and dried in uacuo. Recrystallization from aqueous 
ethanol gave 0.8 g, mp 143-145'; IR (potassium bromide): 3350, 3230 
(NH), 1700 (C=O), 1200, and 1150 (SO*) cm-'; [a13 +20' (c = 1, ethyl 
acetate). 


Anal.-Calc. for C I ~ H ~ ~ F S N ~ O ~ S :  C, 38.10; H, 3.17; N, 7.41; S, 8.47. 
Found: C, 38.2; H, 3.2; N, 7.7; S, 8.1. 


Antiobesity Test-Rats were trained over 2 weeks to eat their daily 
food ration4 in only 5 hr. After training, either vehicle (controls) or drug 
was administered orally by gastric intubation daily for 5 days. One hour 
after drug, tared food cups containing the food ration were presented. 
The cups were weighed after 1 hr of feeding and again after 5 hr of feeding. 
Water was available ad libitum. Rats were weighed daily before drug 
administration. 
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Release of Drugs from Ointment Bases 11: 
In Vitro Release of 
Benzocaine from Suspension-Type Aqueous Gels 


F. BOTTARI, G. DI COLOx, E. NANNIPIERI, 
M. F. SAETTONE, and M. F. SERAFINI 


Abstract The in vitro release of benzocaine, suspended in an aqueous 
gel, through silicone rubber membranes was studied to test an extension 
of existing mathematical models. The theoretical treatment proposed 
is intended for experimental systems involving release, through a non- 
porous membrane, of a drug whose concentration is a few times (23) 
greater than its solubility in the vehicle. For either micronized (2 pm) or 
macrosize (125 pm) drug, the Q (amount released) versus t112 (time112) 
plots were not linear until substantial time had elapsed. Excellent 
agreement was found between the experimental points and theoretical 
plots, generated by a computer fit to experimental data of an equation 
derived from a reported vehicle-boundary diffusion layer model. The 
values of the solubility and of the diffusion coefficient of benzocaine in 
the gel, calculated by the present mathematical treatment from release 
data, were in agreement with literature data. The particle size of released 
benzocaine did not influence the release pattern, thus confirming release 


in the present conditions to be diffusion rather than dissolution con- 
trolled. The present method is applicable for determining the Solubility 
and diffusion coefficient of drugs in vehicles in cases not contemplated 
in current release theories. 


Keyphrases 0 Drug release-benzocaine from aqueous gels through 
silicone rubber membranes in uitro, mathematical models extended 
Benzocaine-release from aqueous gels through silicone rubber mem- 
branes in uitro, mathematical models extended 0 Models, mathemati- 
cal-extended to fit in uitro drug release system where drug concentra- 
tion is greater than solubility in vehicle Solubility-benzocaine in 
aqueous gel vehicle, calculations derived from mathematical drug release 
models 0 Diffusion coefficients-benzocaine in aqueous gel vehicle, 
calculations derived from mathematical drug release models 


The in uitro release of drugs from topical vehicles, in 
spite of its limited correlations with in uiuo absorption, 
may offer useful information on some physicochemical 
factors involved in the latter process. Such important pa- 


rameters as the diffusion coefficient and the solubility of 
a drug in a vehicle can be calculated by relatively simple 
equations, derived from mathematical models describing 
the process of in uitro release of drugs dissolved (1-3) or 
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Contact Angles of Pharmaceutical Powders 


C. F. LERK", M. LAGAS, J. P. BOELSTRA, and P. BROERSMA 


Abstract Contact angles of pharmaceutical powders were determined 
by measuring the maximum height of a drop of a saturated solution on 
a presaturated compact of the material. The results for a series of drugs 
are presented. 


Keyphrases Powders, various pharmaceutical-contact angles, 
densities, and surface tensions Contact angles-various pharmaceutical 
powders 0 Densities-various pharmaceutical powders 0 Surface ten- 
sions-various pharmaceutical powders 


The wetting of solid dosage forms is an important initial 
step in the process of drug dissolution both in uitro and in 
uiuo. Determination of contact angles of solids gives a 
measure of their wettability, but problems arise when the 
solid is finely divided as a powder. Recently (l), a method 
that consists essentially of measuring the maximum height 
of a drop of a saturated solution formed on a presaturated 
compact of the material was used successfully. This report 
presents the results of contact angle determinations for an 
additional series of pharmaceutical powders. 


EXPERIMENTAL 


Materials-The materials and standards are listed in Table I. 
Methods-The contact angles were determined using a technique 


described earlier (1). The densities and surface tensions of the saturated 
solutions and the densities of the solids were determined with a balance1, 
a tensiometer2, and an air comparison pycnometer3, respectively. The 
liquid measurements were carried out at  23". Saturated solutions were 
prepared by allowing excess solid to equilibrate with distilled water a t  
a constant temperature of 23". 


RESULTS AND DISCUSSION 


Table I lists the contact angles of more than 50 drugs and excipients. 
The values vary between 21' (ampicillin trihydrate) and 124' (aceto- 


Mohr, G. Kern, Ebingen, West Germany. 
Du Noiiy K 8600 Kriiss, Hamburg, West Germany. 
Model 930, Beckman Instruments Ned. N.V., Amsterdam, The Netherlands. 


Table I-Measured Values of Contact Angles of Pharmaceutical 
Powders Q 


Surface 
Tension, Density Contact 
dynes/ Solid, Angle, 


Material Standard cm g/cm3 0" 


Acetohexamideb - 
Adipic acid" Laboratory grade 
Allobarbitalc Ph. Ned. VI 
Aluminum stearated - 
Aminophyllinee 
Aminophylline 


(anhydIous)C 
Aminopyrine' 
Amobarbitalf 
Ampicillin 


(anhydrous) 
Ampicillin 


trihydratea 
Aprobarbital" 
Barbital 
Boric acid' 
Butabarbitalf 
Butalbitalf 
Butethal 
Calcium carbonatec 
Calcium stearated 
Calcium sulfate 


dihydratec 
Cyclopentobarbitalf 
Diazepam 
Digoxin' 
Ephedrine 


hydrochlorideC 
Heptobarbital' 
Hydrochloro- 


thiazidej 
Indomethacinj 
Isoniazid" 
Isoxsuprine 


hydrochloridek 
Lithium carbonatec 
Lithium chlorided 
Mephobarbitalc 
Meprobamate 
Nitrofurantoinh 
Oxalic acid' 


- 


Ph. Ned. VII 


Ph. Ned. VI 
USP XVII, BP 1973 


- 


- 


NF XI1 
Ph. Ned. VI 
Ph. Ned. VI 
BP 1973 
NF XI11 
BP 1968 
Ph. Ned. VI 


- 
Laboratory grade 


BP 1973 
Ph. Eur. 
Ph. Ned. VI 


Ph. Ned. VI 
USP XVIII 


NF 
Ph. Ned. VI 


Laboratory grade 
Analytical grade 
Ph. Ned. VI 
Ph. Ned. VI 
USP XVIII 
Laboratory grade 


70.7 
58.3 
69.4 
69.4 
71.5 
65.5 


57.5 
55.7 
47.9 


38.6 


57.8 
63.5 
68.0 
62.0 
58.8 
51.0 
72.4 
70.7 
44.5 


60.6 
64.0 
68.1 
48.3 


71.3 
72.4 


71.5 
61.6 
66.0 


71.2 
94.7 
68.3 
51.9 
70.6 
70.7 


1.25 
1.38 
1.28 
1.05 
1.44 
1.44 


1.19 
1.17 
1.37 


1.37 


1.28 
1.24 
1.51 
1.26 
1.25 
1.18 
2.68 
1.03 
2.32 


1.29 
1.37 
1.28 
1.20 


1.47 
1.69 


1.39 
1.42 
1.28 


2.08 
2.08 
1.38 
1.24 
1.69 
1.66 


124 
72 
61 


120 
47 
40 


60 
102 
35 


21 


75 
70 
74 
82 
87 
78 
58 


115 
64 


76 
83 
49 
51 


74 
51 


90 
49 
50 


50 
51 
74 
83 
69 
31 
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Table I--(Continued) 


Surface 
Tension, Density Contact 
dynes1 Solid, Angle, 


Material Standard cm aIcm3 0' 


Pentobarbital 
Phenylbutazone 
Phthalylsulfathia- 


Prednisolonen 
Prednisoneh 
Procaine 


hydrochloride' 
SalicylamideC 
SecobarbitalC 
Sodium stearateC 
Stearic acidc 
Succin Isulfathia- 


Sulfacetamide 
Sulfamerazine" 
SulfamethazineC 
Sulfamethizole" 
Sulfanilamidec 
SulfathiazoleC 
Sulfisoxazole 
TheophyllineC 
Tolbutamidep 
Vinbarbitalf 
Vinylbital 
Chloramphenicol 


Chloramphenicol 


zolem 


zole x 


palmitate 


Dalmitate 


Codex Francais 
Ph. Ned. VII 


Ph. Ned. VII 
Ph. Ned. VI 


NF XI11 
USP XVII 


Ph. Ned. VII 


- 
- 


- 
Ph. Ned. VI 


Ph. Ned. VI 
- 


Ph. Ned. VI 
BP  1973 
Ph. Ned. VI 


- 


&Form (mp 92-93O) 


a-Form (mp 87-88') 


51.5 
66.2 
69.6 


68.5 
65.8 
42.5 


64.0 
48.2 
37.1 
62.5 
71.2 


68.9 
69.0 
71.7 
69.8 
66.9 
69.8 
68.2 
72.0 
67.9 
60.5 
43.3 
72.4 


72.4 


1.21 
1.19 
1.55 


1.30 
1.41 
1.23 


1.37 
1.19 
1.10 
1.01 
1.55 


1.37 
1.32 
1.44 
1.52 
1.46 
1.61 
1.41 
1.45 
1.24 
1.25 
1.20 
1.20 


1.20 


86 
109 
48 


43 
63 
55 


70 
82 
84 
98 
64 


57 
58 
48 
51 
64 
53 
57 
48 
72 
94 
71 


1089 


I229 


The liquid density of the saturated solutions was 1.00 g/cm3 except for ami- 
nopyrine ( l . O l ) ,  butalbital ( l . O l ) ,  cyclopentobarhital ( L O l ) ,  aminophylline (Eu- 
phyllin) (LOl), amobarbital (1.02), boric acid (1.021, isoniazid (1.03), ephedrine 
hydrochloride (1.04), oxalic acid (1.05), lithium chloride (1.10), aminophylline 
anhydrous (l . lZ),  and procaine hydrochloride (1.13 g/cm3). * Lilly Research Centre, 
Windlesham, Surrey, England. Interpharm, 's-Hertogenbosch, The Netherlands. 


Merck, Darmstadt, West Germany. Euphyllin, Byk, Zwanenburg, The Neth- 
erlands. f Siegfried, Zofingen, Switzerland. g Gist Brocades, Delft, The Netherlands. 


Nogepha, Alkmaar, The Netherlands. Boehringer Mannheim, Mannheim, West 
Germany. J Merck Sharp & Dohme, Haarlem, The Netherlands. Philips-Dupbar, 
Weesp, The Netherlands. ' Brocacef, Maarssen, The Netherlands. m Sigma, St. 
Louis, Mo. " Organon, Oss. The Netherlands. A.C.F., Amsterdam, The Nether- 
lands. P Hoechst Holland, Amsterdam, The Netherlands. 9 Water contact angle. 


Byk, Zwanenburg, The Netherlands. 


hexamide). The reproducibility of contact angle values was better than 
2' for most of the chemicals studied. Chemicals exhibiting poor com- 
pressibility (calcium carbonate) or showing swelling and softening of the 
compact formed (isoniazid and sulfisoxazole) had a reproducibility of 
contact angle values that was no worse than 4'. 


Table I includes all drugs for which a dissolution test for tablets or 
capsules is required in USP XIX. A great number of these drugs are 
slightly hydrophobic, including nitrofurantoin, tolbutamide, and mep- 
robamate, or even strongly hydrophobic, such as phenylbutazone and 
acetohexamide. 


A correlation between chemical structure and hydrophobicity is il- 


Table 11-Chemical Structure and Contact Angle of a Series of 
Barbiturates 


Contact 
Ri Rz Angle, 8' Compound 


Barbital CHzCH3 CHzCH3 70 
Butethal CHzCH3 CHzCHzCHzCH3 78 
Butabarbital CHzCH3 CH(CHa)CHzCH3 82 
Pentobarbital CHzCH3 CH(CH3)CHz- 86 


CHiCHs 
Vinbarbital CHzCH3 C ( C H ~ ) = ~ H C H ~ -  94 


CH3 
Amobarbital CHzCH3 CH&HzCH(CH3)2 102 
Aprobarbital CH(CHz)CH3 CHzCH=CHz 75 
Butalbital CHzCH(CH3)- CHzCH=CHz 87 


CHs 
Secobarbital CH(CH3)CHz- CHzCH=CHz 82 


Vinylbital CH(CH3)CHz- CH=CHz 71 
CHzCH3 


CH?CH2 


lustrated in Table I1 for a series of 5,5-substituted barbituric acid de- 
rivatives. The results demonstrate the effect of chain length, positional 
changes in branching, and double bonds on the contact angle of the 
drugs. 


The wettability of a solid is also affected by its crystallographic 
structure. This fact is illustrated in Table I for two chloramphenicol 
palmitate polymorphs. The &form, mp 92-93O, showed a water contact 
angle of 108"; the a-form, mp 87-88O, had a water contact angle of 122'. 
The technique thus provides a sensitive measure of the surface charac- 
teristics of chemicals. Variations in contact angle values may be found 
for different lots from different suppliers of a given chemical, depending 
on the preparation process. The effect of changes in the wettability of 
drugs and excipients upon the release from tablets and capsules will be 
reported later. 
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diffusion coefficients for I and I1 increased as the calcium concentration 
increased and then decreased at  the 50 mM level. The corresponding 
permeability coefficients agreed fairly well with the sequence of the re- 
sults. At 0 mM calcium, the estimated permeability coefficient of I is 
almost double that of 11, which is also in the order of magnitude of the 
ratios of their partition coefficients. The permeability coefficients in- 
creased with an increase in the calcium-ion concentration, followed by 
a decrease at  the 50 mM calcium level. 


It is, therefore, proposed that both the prostaglandin molecules and 
the calcium ions constituting the aggregates crossed intact the diffusion 
barrier into the mucosal surface. Both species were self-carried in a 
fashion similar to a carrier-mediated process through the intestinal 
membrane. 


These results may be important in understanding prostaglandin 
movement through biological fluids and membranes, 
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Thermal Decomposition of 
Amorphous ,&Lactam Antibacterials 


M. J. PIKALX, A. L. LUKES, and J. E. LANG 


Abstract 0 Thermal decomposition rates for amorphous samples of 
penicillin G potassium, cephalothin sodium, cefamandole sodium, and 
cefamandole nafate were determined as a function of water content and 
temperature. Even when rigorously dry, amorphous cephalosporins were 
at  least one order of magnitude less stable than the corresponding un- 
solvated crystalline form. Absorbed water generally increased both the 
number of decomposition products and the net decomposition rate. 
Reaction kinetics were usually apparent first order, but an anomalously 
high effective reaction order was observed in several systems. Nonlinear 
Arrhenius plots were observed, and a qualitative model based on mo- 
lecular relaxation in glasses is proposed. Although decomposition rates 
a t  25” were small for dry samples, even slight decomposition produced 
visually detectable changes. Thus, the unsolvated crystalline form was 
noticeably more stable, even at  25”. 


Keyphrases 0 Decomposition, thermal-amorphous samples of various 
antibacterials, effect of water content and temperature 0 Cephalosporins, 
various-thermal decomposition of amorphous samples, effect of water 
content and temperature Penicillin G potassium-thermal decom- 
position of amorphous samples, effect of water content and temperature 
0 Antibacterials, various-thermal decomposition of amorphous sam- 
ples, effect of water content and temperature 


Cephalosporins are often difficult to obtain in crystalline 
form and, even when crystallized, the products may be 
partially amorphous (1). Thus, information on the stability 
of amorphous forms is necessary. Several organic reactions 
were studied in crystalline solids (2-4), but amorphous 
solids have received little attention. The intuitive notion 
that an amorphous solid is more reactive than the corre- 
sponding crystalline form has some experimental support 
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(5-11) and is probably a useful generalization. However, 
crystalline reactions are often only slightly slower than the 
corresponding reactions in the liquid state (2) and some 
crystalline reactions are considerably faster (12,13). While 
the decomposition of cephalosporins and penicillins in 
aqueous solution has been studied 04-22), data regarding 
thermal decomposition in the amorphous solid state are 
limited to several brief reports where the water content of 
the sample was either high or unspecified (8-11). 


This study investigated the thermal decomposition rates 
of several P-lactam antibacterials in their amorphous and 
unsolvated crystalline forms as a function of temperature 
and water content. The amorphous samples studied were 
amorphous to X-rays and were nonbirefringent when ex- 
amined microscopically under polarized light. The com- 
pounds chosen were penicillin G potassium and three 
cephalosporins: cephalothin sodium, cefamandole sodium, 
and cefamandole nafate. 


EXPERIMENTAL 


Materials-Crystalline cephalothin sodium and crystalline penicillin 
G potassium were commercial samples’. The corresponding amorphous 
samples were prepared by freeze drying from a 20% aqueous solution. To 
avoid partial crystallization, the solutions were frozen and partially dried 
a t  low temperature 1-20’) before allowing the temperature to increase 


Eli Lilly and Co., Indianapolis, Ind. 
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gradually to 2 5 O .  The resulting amorphous plugs were then lightly mortar 
ground and vacuum driedz. Water contents were then determined by Karl 
Fischer assay. 


Cefamandole nafate wae recrystallized from methanol by addition of 
2-propanol, yielding nonsolvated crystalline material. The “wet” crystals 
were first air dried and then vacuum dried (1). The amorphous sample 
was prepared as described for cephalothin sodium. 


Since no Esolvated crystalline forms of cefamandole sodium have been 
prepared, only amorphous forms were studied. To optimize purity, 
crystalline solids (solvates) were used. The dioxane solvate of cefaman- 
dole sodium was obtained by adding dioxane to a concentrated aqueous 
solution. The resulting crystals were repeatedly dissolved in water, freeze 
dried to remove dioxane, and finally spray dried (1) from an aqueous 
solution to yield amorphous cefamandole sodium. The sample was dried 
at reduced pressure2. Residual dioxane was less than 0.1% (w/w) (NMR). 
The freeze-dried cefamandole sodium sample used in the decomposition 
studies was prepared from the methanol solvate of cefamandole sodium 
using the procedure described for cephalothin sodium. Crystalline 
methanol solvate was obtained by adding sodium acetate to a methanol 
solution of purified cefamandole acid. 


Samples containing water were prepared by allowing the dried samples 
to absorb water from saturated aqueous salt solutions of fixed water vapor 
pressure. The amount of water absorbed was determined gravimetri- 
cally. 


Procedures-All samples were protected from light during storage. 
Cephalothin sodium, cefamandole nafate, and penicillin G potassium 
were stored in glass sealed ampuls; -300 mg of sample was sealed with 
about 10 ml of dry air. Cefamandole sodium was stored in 15-ml ampuls 
sealed with butyl rubber closures. To ensure that the dry sample did not 
absorb water during ampul filling, filling was carried out a t  near zero 
relative humidity3. Karl Fischer assay indicated that no measurable water 
(<0.1%) was absorbed during the filling and sealing operations. In general, 
each sample for a given time-temperature aging condition was prepared 
in duplicate. 


Some amorphous cephalothin sodium samples were subjected to high 
vacuum drying conditions. The sample, dried as previously discussed, 
was pumped on at  Torr and 25‘ for 24 hr and was then sealed in 
vacuum. 


Assay Methods-Cephalothin sodium and penicillin G potassium 
were assayed by an automated iodometric titration procedure (23). This 
assay measures intact D-lactam4. The mean difference between assays 
on the duplicate samples was 1.8%. To check accuracy, a number of de- 
composed cephalothin sodium samples were assayed both by the iodo- 
metric procedure and by a microbiological automated assay5 using 
Staphylococcus aureus (ATCC 9144) (23) .  The extents of decomposition 
measured by the two techniques differed by less than 2%. 


Cefamandole nafate and cefamandole sodium were assayed by a po- 
larographic technique (24) that determines intact cefamandole 
and cefamandole nafate. The method does not distinguish between 
cefamandole nafate and cefamandole sodium. The difference between 
assays on duplicate samples averaged 1.4%. All cefamandole nafate and 
cefamandole sodium samples were assayed for the decomposition prod- 
uct, 1 -methyl-5-mercapto-l,2,3,4-tetrazole (X), by polarography (25, 
26). 


Thin-layer chromatograms were obtained by loading a 250-pg sample 
on a precoated 0.25-mm silica gel 60 F-254 TLC plate6. The developing 
solvent was ethyl acetate-acetone-acetic acid-water (52:l:l). Chroma- 
tographic zones were examined by shortwave UV light (254 nm). 


RESULTS 


Decomposition Products-Decomposition products of aqueous and 
amorphous cephalosporins, as revealed by TLC, are compared in Fig. 1. 
The extent of decomposition was in the 10-50% range for all samples. The 
degree of shading used to indicate a zone is a rough indication of the in- 
tensity of that zone as observed on the TLC plate. A broken line indicates 
streaking. The R/ values for the cephalosporins and their hydroxymethyl 


Dried at reduced pressure (= 15 Tom) with a dry air bleed (100 ml/min) for 
-16 hr at 25’ and -20 hr at 40°. 


The glove bag (Instruments for Research and Industry, Cheltenham, Pa.) wes 
continuously purged with air at equilibrium with anhydrous calcium sulfate. 


The cephalothin decomposition roduct, deacetylcephalothin lactone, contains 
an intact b-lactam and, therefore, siould not be distinguished from cephalothin 
by the iodometric assay. However, samples of pure lactone gave essentially zero 
B-lactam content by the iodometric method, presumably due to the insolubility 
of the lactone in the aqueous systems used in the assay. 


Autoturb. 
6 Merck. 


COONa 


11: R, = ~ c H , , ,  R, =OH 
./I S 


CH, 


v: R,=m, R2=OH 
OH t 


VI: R,= p, 0 I R 2 s o f i 0  
OH 


N-N 
VII: R, =m 


OCOH I 


VIII: R l =  0 5“ , R2=OH 
O O C O H  


I X  R,= G E H ,  0 1 RL= ~o 
OCOH o 


CH, 
X 


and lactone derivatives were: cephalothin sodium (I), 0.65; deacetyl- 
cephalothin (II), 0.46; deacetylcephalothin lactone (III), 0.88; cefaman- 
dole sodium (IV), 0.50; V, 0.34 (25); cefamandole lactone (VI), 0.82 (25); 
cefamandole nafate (VII), 0.59; cefamandole nafate lactone (IX), 0.92; 
and X, 0.92. 


The decomposition products present (Fig. 1) depended strongly on the 
water content of the decomposition medium. For cephalothin sodium, 
the leading component had the same Rf value as the lactone analog (111). 
Although little lactone was found in decomposed, dry (50.1% H20) 
cephalothin sodium, lactone was a major decomposition product for the 
wet solid (4.4% H z O ) ~ .  The 3-hydroxymethyl analog (11) of cephalothin, 
Rf 0.46, was not present in either solid sample but appeared to be a major 
product for the aged aqueous sample (Fig. 1). Similarly, the 3-hydroxy- 
methyl analogs of cefamandole and cefamandole nafates were present 
only in the aged aqueous solutions. 


Decomposition to form the 3-hydroxymethyl or lactone analogs is ac- 
companied by formation of an equal molar quantity of the free 3’-side 
chain (X, Rf 0.92). Rupture of the 0-lactam bond should be accompanied 
by release of the 3’-side chain, provided the 3‘-group is a good leaving 
group (17, 22). Thus, the usual decomposition reactions would be ex- 
pected to yield 1 mole of X for each mole decomposed. However, for de- 
composed amorphous cefamandole nafate and cefamandole sodium, the 


The wet solid (4.4% H&) contained -10% (w/w) crystalline 111 (identified by 


* Presumably, the components at R, 0.36 and 0.43 were the 3-hydroxymethyl 
X-ray diffraction). 


analogs of cefamandole and cefamandole nafate, respectively. 
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Table I-First-Order Rate Constants for  the Thermal 
Decomposition of Amorphous Freeze-Dried Cephalothin Sodium 


100 X First-Order Rate Constant, 102 kl, day-* 


Water, % 25' 37' 50' 75' 
0.1 0.000 zk 0.002" 0.022 f 0.005 0.40 f 0.1 4.9 f 0.4 
0.9 - 
1.8 - 
4.4 0.084f0.008 0.76f0.02 0.9f0.1 4.2f0.9 


0.051 f 0.016 0.55 f 0.04 - 
0.18 f 0.02 0.70 f 0.07 - 


a The uncertainties given are the standard deviations of the parameters. 


samples indicate that, while the dry sample (0.5% HzO) at 50' remained 
essentially amorphousll, the wet samples (5.7% H20) partially crystallized 
early during the stability study (Fig. 3). The dry samples showed no de- 
composition either by iodometric assay or by visual examination. By 
contrast, the wet samples decomposed rapidly at  both 25 and 50°, with 
the decomposition rate decreasing much faster with time than would be 
consistent with first-order kinetics. 


Amorphous Cefamandole Nafate and Cefamandole Sodium (Figs. 
4 and 5)-Microscopic examination of aged samples showed no evidence 
of crystallization. Dry (0.1% HzO) cefamandole nafate at 25" decomposed 
slightly (3.6%) within 3 months, but the assays remained essentially 
constant between 3 and 12 months. The line drawn in Fig. 4 reflects the 
apparent invariance of the assay with respect to time after 3 months. If 
this plateau effect is rejected as an artifact and all data are fitted to a 
first-order decay model, lo2 k l  = 0.005 day-'. 


Since the stability study for cefamandole sodium was terminated after 
3 months, no information regarding a plateau effect for this compound 
was obtained. The solid line and the value of lo2 kl in Fig. 4 for dry ce- 
famandole sodium at 25' assume first-order decomposition. Clear de- 
viations from first-order decomposition were observed for wet (3.1% H20) 
cefamandole nafate at 50' and for wet (4.6% HzO) cefamandole sodium 
at 40 and 50'. For these samples, therefore, the solid lines and values of 
102 k l  shown in Figs. 4 and 5 are intended only as crude approximations 
for the initial decomposition rates. 


Spray-dried and freeze-dried cefamandole sodium, although both 
amorphous, are not identical forms. Spray-dried material appears to be 
an annealed form of the freeze-dried material (I), having an energy about 
2 kcalimole less than the freeze-dried form. Thus, in principle, the re- 
activity of spray-dried cefamandole sodium may be different from the 
reactivity of freeze-dried material (1). Decomposition data for freeze- 
dried and spray-dried cefamandole sodium are compared in Fig. 5. Al- 
though the data are insufficient to reveal small differences in reactivity, 
reactivities of freeze-dried and spray-dried samples are clearly of the same 
order of magnitude. 


~~ 


Figure 1-TLC of decomposed cephalosporins; a comparison between 
aqueous solution and amorphous solids. Cephalothin sodium 5 !X 
aqueous solution was aged 1 hr at 75' and solids were aged 1 week at 75'; 
cefamandole sodium 5% aqueous solution was aged 2 hr at 50' and 
solids were aged 1 month at 50'; and cefamandole nafate 5% aqueous 
solution was aged 2 hr at 50' and solids were aged 2 months at 50' (0.1 s"0 
H20) and 3 weeks at 50' (3.1 76 HzO). 
mole percent of X (by assay) was less than the mole percent decomposi- 
tion. Either one of the decomposition products contains an intact 3'-side 
chain or X is unstable. 


Amorphous cephalothin sodium rapidly developed an amber color 
upon aging. Even samples that showed no evidence of decomposition by 
iodometric assay or TLC were highly colored both in the solid form and 
when dissolved in water. Although column chromatographyg suggested 
that the colored products were polymeric, details of the structures are 
unknown. For amorphous cefamandole and cefamandole nafate, the 
extent of color formation was much less than that noted for cephalothin 
sodium aged under similar conditionslO. 


Decomposition Rates-Amorphous Cephalothrn Sodium-In gen- 
eral, samples were assayed over a period corresponding to a t  least 10% 
decomposition. Periodic microscopic examination verified that the 
samples remained amorphous during the stability study. Typical data 
are shown in Fig. 2. Assay data are expressed relative to the initial assays 
as percent of initial, P. Thus, the percentage decomposition is 100 - P .  
Although in most cases insufficient decomposition had occurred to es- 
tablish the reaction order unambiguously, all data were consistent with 
first-order kinetics. 


First-order rate constants were evaluated by least-squares analysis. 
No differences in decomposition or extent of color formation between 
dry samples (50.1% H20) stored in air and those stored in vacuum were 
observed. Thus, these data were combined for the rate constant calcu- 
lations (Table I). For the dry samples stored a t  25', no decomposition 
could be demonstrated over 600 days. However, the powder did develop 
an amber color, indicating that some decomposition occurred. 


Amorphous Penicillin G Potassium-Microscopic examination of aged 
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Figure 2-Kinetics of thermal decomposition of amorphous cephalo- 
thin sodium. P is the  iodometric assay in percent of initial. 
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10 Exposure of cefamandole nafate to laboratory light significantly increased the 


color formation rate. 


25°C 


04.64 


4.4 - 
4.2- 


z 
I I I 2 


0 100 2 00 300 2 
DAYS k 


C 0" 
-0 n z 8 
- 2 0  w 


0 


- Q - 


- 40 


3.8- - 
j I I I 
0 10 20 30 


DAYS 
Figure 3-Kinetics of thermal decomposition of penicillin G potassium. 
P is the  iodometric assay in percent of initial. 


11 After 12 months at 25". the dry sample had crystallized. 
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Figure 4-Kinetics of thermal decomposition of cefamandole nafate. 
P is the polarographic assay in percent of initial. 


Crystalline Forms-The unsolvated crystalline forms of cephalothin 
sodium, penicillin G potassium, and cefamandole nafate were subjected 
to aging conditions a t  least as severe as those used for the corresponding 
amorphous samples. Assay data did not reveal decomposition under any 
test condition. From the precision of the assay data and the duration of 
the stability studies, the decomposition rates, kl (day-’), for the crys- 
talline materials studied are estimated to be less than lo-* day-’ a t  50’. 
Thus, at least for the cephalosporins studied, the effect of crystallinity 
is to increase the thermal stability by a t  least one order of magnitude. 


DISCUSSION 


Kinetics-The amorphous materials studied did not exhibit the sig- 
moid or “S”-shaped decomposition curves frequently observed with 
crystalline solids (3). In general, the data are consistent with first-order 
kinetics, although clear deviations from first-order behavior occurred 
in several cases. With wet (5.7% HzO) penicillin G potassium, the sharp 
decrease in decomposition rate with increasing time was probably due 
to sample crystallization. The interpretation of the high temperature 
kinetic data for wet cefamandole sodium and wet cefamandole nafate is 
less obvious. Here, no crystallization was observed. Similar kinetics for 
amorphous ampicillin led to the speculation (8) that, upon aging, the 
amorphous form initially present underwent a transition to a less reactive 
amorphous form. 


While amorphous freeze-dried cefamandole nafate and cefamandole 
sodium apparently undergo a structural change (annealing) upon aging, 
amorphous spray-dried cefamandole sodium is an annealed form (1). 
Since similar kinetics are observed for both freeze-dried and spray-dried 
(i,e., annealed) samples, the deviations from first-order decomposition 
apparently are not the result of an annealing phenomenon. 


If a major decomposition pathway involves attack on the @-lactam by 
water, the reaction rate would depend on the concentration of water in 
the system. If a solution model were used for the amorphous solids 
studied, second-order kinetics are predicted12. However, the effective 
reaction order for the data under discussion is -5. Therefore, the observed 
deviations from first-order behavior constitute an anomaly for which no 
convincing explanation can be offered. 


Effect of Water-In general, the decomposition rate was increased 
significantly by the presence of water. This effect was particularly striking 


12 For a solution model, the rate is proportional to the product of the cephalo- 
sporin concentration and the water concentration. In the moisture-containing 
amorphous systems studied, the initial mole ratio of cephalosporin to water was 
about unity. Thus, for a 1:l reaction stoichiometry, the cephalosporin and water 
concentrations would be roughly equal at all times, leading to second-order kinet- 
1cs. 
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Figure 5-Kinetics of thermal decomposition of cefamandole sodium. 
P is the polarographic assay in percent of initial. The circles are 
spray-dried samples; the triangles are freeze-dried samples. 


for penicillin G potassium (Fig. 3). At low water content (0.5%), decom- 
position was not measurable; but a t  high water content (5.7%), decom- 
position was faster than for any other solid studied. Although the effect 
of moisture on the decomposition of amorphous cephalothin sodium was 
quite significant a t  low temperatures, the decomposition rate a t  75’ was 
essentially independent of water content (Table I). 


Effect of Temperature/Mechanisma-Arrhenius plots for the 
cephalothin sodium data (Table I) are given in Fig. 6. The measured rate 
constant for dry cephalothin sodium a t  25’ was zero. Although this point 
could not be included in Fig. 6, the smooth curve was drawn to reflect a 
very low decomposition rate a t  25’. Significant curvature exists in the 
Arrhenius plots, particularly for dry material where the effective acti- 
vation energy decreased from -40 kcal/mole a t  low temperature to -20 
kcal/mole a t  high temperature. At least at  low temperature, the effective 
activation energy for the wet (4.4% H2O) solid was significantly less than 
the corresponding activation energy for the dry solid. 


If amorphous cephalothin sodium decomposed uia two degradation 
pathways with significantly different activation energies, nonlinear Ar- 


-4.0] 


I I I I I I 1 I 
2.8 3.0 3.2 3.4 


103ir ( O K )  


Figure 6-Arrhenius plots of first-order rate constants for the thermal 
decomposition of amorphous cephalothin sodium. 
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rhenius plots would result, However, in such a case the effective activation 
energy, defined by the slope of the Arrhenius plot, would increase with 
increasing temperature. This intuitive conclusion is supported by the 
following mathematical argument. The observed rate constant, k, is: 


k = 2 ki = 2 Ai exp(-Ei/RT) 
i -1  i = l  


(Eq. 1) 


where Ai, Ei, and ki represent the preexponential factor, activation en- 
ergy, and rate constant, respectively, for the ith decomposition pathway. 
The effective activation energy, E’, is defined by: 


Performing the indicated differentiation yields: 


Differentiation of Eq. 3 and algebraic manipulation then yield: 


(Eq. 2) 


(Eq. 4) 


Thus, provided two or more degradation pathways exist (Ei # E l ) ,  
dE*fdT is always positive; e.g., an increase in temperature increases E*. 
Experimentally, however, the effective activation energy decreases as 
the temperature increases. 


The observed temperature dependence (Fig. 6) is consistent with the 
following qualitative modeL For decomposition to occur, the reacting 
molecule and its immediate neighbors must undergo considerable re- 
orientation. For example, if attack on the P-lactam by a nucleophilic 
group from a neighboring molecule is involved, reorientation must occur 
to provide the geometry needed for the reaction to proceed. This model 
assumes that molecular reorientation is the rate-determining step for 
thermal decomposition. Thus, the reaction rate is proportional to a mo- 
lecular relaxation rate. 


For liquids a t  low temperature (24) and glassy polymers (27), molecular 
relaxation rates may show pronounced non-Arrhenius behavior near the 
glass transition temperature; the activation energy for molecular relax- 
ation decreases as the temperature increases. Similar behavior might be 
expected for amorphous cephalosporins near 25O, provided the glass 
transition temperature is near 25’. The glass transition temperature, T,, 
for dry cephalothin sodium may be estimatedl3 as Tg = 300 OK. Thus, 
according to the described model, the non-Arrhenius behavior demon- 
strated in Fig. 6 is a consequence of the decreasing activation energy for 
molecular relaxation as the temperature increases from T,. 


CONCLUSIONS 


Even when rigorously dry, the amorphous cephalosporins studied are 
much less stable than their crystalline forms. In general, absorbed water 
increases the number of decomposition products and greatly increases 
the net decomposition rate. The activation energy is high and, at least 
for cephalothin sodium, the effective activation energy increases with 
decreasing temperature. 


Provided the solid is dry, decomposition rates at 25’ are small14. If 
potency were the only consideration, the amorphous compounds studied 
would be viable product forms in the dry state. Loss of product elegance 
is the more serious problem. Amorphous cephalothin sodium develops 


l3 As a rough rule, T,/T,,, = 0.6 (28,29), where T ,  is the melting point ( O K )  of 
the crystalline solid. Crystalline cephalothin sodium melts (with decomposition) 
at -470 O K .  


l4 Amorphous dry cephalothin sodium stored at 25’ maintains initial potency 
for 2 years. However, upon equilibration of the solid with 30% relative humidity 
(4.4% HzO), the projected shelflife (less than 10% potency loss) at 2 5 O  is only 4 
months. 


excessive amber color well before a potency loss is measurable. With 
amorphous cefamandole sodium and cefamandole nafate, even slight 
decomposition lowers the pH of a reconstituted solution to the point 
where the cephalosporin acid precipitates. 
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Chromatographic Assays for Folic Acid 


VAN D. REIFX, JEANNE T. REAMER, and LEE T. GRADY 


Abstract 0 TLC and high-pressure liquid chromatographic (HPLC) 
assays for folic acid were developed. In the TLC procedure, the folic acid 
band was extracted from the silica gel after development and determined 
spectrophotometrically by an oxidation and Bratton-Marshall sequence. 
A column packed with octadecylsilane chemically bonded to micropar- 
ticulate silica gel was used for the HPLC assay. Potentiometric deter- 
mination of water in folic acid samples was necessary to obtain accurate 
purity values. In a comparison of four assay methods, a direct colorimetric 
method gave precise, but unspecific, results, while the USP XIX colori- 
metric method lacked both precision and specificity. The two chroma- 
tographic methods were both precise and specific and gave the same assay 
results. Both methods separated p-aminobenzoic acid, N -  (p-amino- 
benzoy1)-L-glutamic acid, 2-amino-1,4-dihydr0-4-0~0-6-pteridinecar- 
boxylic acid, 2-amino-4( lH)-pteridinone, and several unidentified im- 
purities from folic acid. 


Keyphrases Folic acid-TLC and high-pressure liquid chromato- 
graphic analyses, bulk drug TLC-analysis, folk acid bulk drug 0 
High-pressure liquid chromatography-analysis, folic acid bulk drug 0 
Vitamins-folic acid, TLC and high-pressure liquid chromatographic 
analyses, bulk drug 


Folic acid has been analyzed by direct UV spectroscopy 
(l), fluorometry after oxidation to 2-amino-1,4-dihydro- 
4-0x0-6-pteridinecarboxylic acid (1-3), polarography (4, 
5), and colorimetry (6-9). The USP XIX colorimetric 
method (6) involves peqanganate oxidation of folic acid 
to p-aminobenzoic acid, which is diazotized and coupled 
with the Bratton-Marshall reagent [N-(1-naphthy1)eth- 
ylenediamine dihydrochloride] for determination by 
spectrophotometry. In this standard addition method, 
assay values are corrected for diazotizable impurities by 
performing the colorimetric reaction on unoxidized ma- 
terial. Other colorimetric methods involve reduction of 
folic acid with zinc instead of oxidation (7,9) and conver- 
sion of diazotizable impurities to phenols before perman- 
ganate oxidation (8). Experiments in this laboratory 
showed that commercial folic acid contains fluorescent 
pteridines, diazotizable mines, and compounds other than 
folic acid that cleave to give the functional groups mea- 
sured in the colorimetric assays. Therefore, these methods 
are unspecific, and separation of folic acid from its im- 
purities prior to quantitation is necessary. 


A TLC method with colorimetric quantitation (10) and 
a similar method with UV quantitation (11) were reported, 
but less mobile impurities were not separated in the sol- 
vent systems used since folic acid did not move from the 
origin. Williams et al. (12) and, separately, investigators 
in this laboratory used high-pressure anion-exchange 
chromatography, but these systems require a solvent 
gradient which makes quantitation unreliable. Also, the 
separation of impurities from folic acid was not fully 
demonstrated. This paper reports the development of 
improved TLC and high-pressure liquid chromatographic 
(HPLC) assays. 


EXPERIMENTAL 


Materials-Reference compounds for p-aminobenzoic acid, 2- 
amino-1,4-dihydro-4-oxo-6-pteridinecarboxylic acid, 2-amino-4(1H)- 
pteridinone, N-(p-aminobenzoy1)-L-glutamic acid, dihydrofolic acid, 


and tetrahydrofolic acid were used as received'. Leucovorin calcium was 
also used as obtained2. Except for commercial folk acid samples, other 
reagents were USP, NF, or ACS grade. Two lots of USP reference stan- 
dard folic acid3, designated A and B, were used for assay evaluations. 


Moisture Determination-The water content of folic acid samples 
was determined by direct potentiometric titration4 according to USP XIX 
Method I (Karl Fischer determination) (13) except that chloroform- 
methanol (41) was used as the solvent in place of methanol5. Sample sizes 
of 10-15 mg and 100 ml of solvent were used. Since folic acid is hygro- 
scopic, the water content was determined at the time the samples were 
weighed. 


Chromatographic Assays-Standard Preparation-Transfer 40-, 
50-, and 60-mg samples of USP folic acid reference standard, accurately 
weighed and corrected for moisture, to individual 5-ml volumetric flasks. 
Then dissolve and dilute to volume with 0.3 N ammonium hydroxide. 
These solutions should be made fresh daily. 


Assay Preparation-Prepare as directed under Standard Preparation, 
using the 50-mg sample size. 
TLC Assay-On suitable TLC plates coated with a 250-pm layer of 


fluorescent silica gele, predeveloped with ethyl acetate and air dried, make 
a 2-cm streak with 10 pl of the assay preparation. Apply a 2-cm, 10-pl 
streak of spotting solvent to serve as a blank. Similarly streak 10-pl 
portions of the standard preparations. Develop the chromatograms about 
13 cm in 1.48 N ammonium hydroxide-1-propanol (1:3). Remove the 
plate from the developing chamber, dry it under a nitrogen stream for 
5-10 min, and view it under long and short wavelength UV light. 


Mark the folic acid main band, taking care to exclude adjacent impurity 
bands. Quantitatively and separately remove the silica gel mixture con- 
taining each of the main spots of the standard and assay preparations. 
Remove a corresponding area of silica gel from the blank, spotting at the 
same Rf as the folk acid main spot. Transfer the material to separate 
25-ml test tubes with polytef-lined screw caps, add exactly 15 ml of 0.17 
M dibasic potassium phosphate to each, and shake mechanically for 15 
min. Centrifuge the tubes for 10 min at  1000 rpm (10-cm radius) or until 
clear. 


Pipet a 10.0-ml aliquot of each preparation into separate 25-ml conical 
flasks, add 1.0 ml of 0.4% (w/v) aqueous potassium permanganate solution 
(freshly prepared and filtered), and allow to stand for 2-3 min. Add 1.0 
ml of 2% (w/v) sodium nitrite solution and 1.0 ml of 5 N hydrochloric acid, 
mix, and allow to stand for 2 min. Add 1.0 ml of 5% (wlv) ammonium 
sulfamate solution, and mix with swirling until the nitrogen dioxide has 
been dispelled. Then add 1.0 ml of 0.1% (w/v) N-(1-naphthy1)ethylene- 
diamine dihydrochloride solution (freshly prepared and filtered), mix, 
and allow to stand for 10 min. 


Determine the absorbance of each solution at  the maximum at  about 
550 nm, with a suitable spectroph~tometer~, using 0.17 M dibasic po- 
tassium phosphate as the blank. Calculate the quantity, in milligrams, 
of folic acid in each milliliter of the assay preparation by the formula 
C(A" - AB/A~ - As) ,  in which C is the concentration, in milligrams per 
milliliter, of folic acid in the standard preparations; Au and A s  are the 
absorbances of the solutions from the assay and standard preparations, 
respectively; and AB is the absorbance from the blank. 


HPLC Assay-Chromatographic System-The chromatographs was 
equipped with a fixed wavelength (254 nm) UV detector and a 30-cm X 
4-mm i.d. stainless steel column packed with siliceous microbeads, 5- 
10 pm in diameter, to which octadecylsilane9 was chemically bonded. 


Sigma Chemical Co. 
Lederle Laboratories. 
USP Reference Standards, Rockville, MD 20852. 
Radiometer, Copenhagen Denmark. 
M. M. Tuckerman, Tempie University School of Pharmacy, Philadelphia, Pa., 


personal communication. 


Cary model 14. 
DuPont model 820. 


6 Merck silica gel F-254 precoated glass plates. 


9 The method was developed using pBondapak Cia, Waters Associates. In this 
or in other laboratories, comparable separations were obtained with the following 
columns: Spherisorb 10 pm ODs, Spectra-Physics; Zorbax ODs, du Pont; and 
Partisil-10 ODs-2, Whatman. 
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Table I-Assay Results 


Daya 
USP Colorimetric Assay 


Lot BIA, % Lot A/& % Lot A/A. % 
Direct Colorimetric, 


Lot BIA. % 


1 
2 


108.8 
103.3 


103.2 101.9,105.2 
105.0 108.0,108.0 


TLC Assay 


~ 


101.6 
103.3 


Mean, Absorbance 
RSD, % BIA + 95% C.1.b Daya Lot pg Spotted n 


1 B 
1 A 
2 B 
2 A 


0.476 3 
0.467 3 
0.468 3 
0.458 3 


HPLC Assay 


1.63 
0.98 
0.47 
0.40 


101.9 f 1.6 


102.2 f 0.5 


Lotd n RSDe, % % A  + 95% C.I.b 


1 B 5 1.56 101.7 f 1.2 
1 A 4 0.93 
2 B 5 1.20 101.6 i 1.2 
2 A 8 1.47 


B 
A 
B 
A 
C 


5 
5 
5 
3 
4 


1.18 
0.67 
0.87 
0.36 
1.18 


101.2 f 0.7 


101.0 f 0.9 


93.8 + 0.8 - 
4 c 3 0.83 95.3 f 0.7 
4 D 3 0.60 96.5 f 0.6 
5 D 4 1.78 96.7 i 1.4 
5 A 4 1.46 
4 E 3 0.87 96.7 f 0.7 
5 E 3 1.17 97.5 f 1.7 


Values for Days 1 and 2 are based on the same moisture determinations for each USP lot, A and B. TLC and HPLC values for Days 1 and 2 are based on sampling 
from the same solutions. Values for Days 3-5 are based on the same moisture determinations for each lot. Lot A and B material used for Days 3 and 4 was drawn from 
different sublots (A2 and Bz in Tab!e 111) than those uged for Days 1 and 2 (A1 and B1 in Table 111) and had different moisture levels. Commercial lots of folic acid are 
designated by C, D, and E. Precision of multiple, n, injections of the same sample preparation. 


Prepare the mobile phase by adding 35.1 g of sodium perchlorate 
monohydrate, 1.36 g of monobasic potassium phosphate, 6.94 ml of 1 N 
potassium hydroxide, and 40 ml of methanol to a 1-liter volumetric flask 
and diluting to volume with water. If necessary, adjust the pH to 7.2 with 
1 N potassium hydroxide. The amount of methanol may be varied by 
several percent to give a suitable retention time for folic acid as long as 
system suitability requirements are met. Degas and membrane filterlo 
the mobile phase. During chromatography, maintain a pressure of about 
76 atm and ambient temperature so that the flow is about 1.0-1.5 ml/ 
min. 


System Suitability Preparation-Prepare a solution containing about 
5 mglml each of folic acid and leucovorin calcium in 0.3 N ammonium 
hydroxide. Filter before use. 


System Suitability Test-Chromatograph six to 10 injections of the 
50-mg standard preparation, and measure the peak responsei1 as directed 
under Procedure. The relative standard deviation, 100 X (standard de- 
viatiodmean response), for the peak response does not exceed 2%. When 
5 pl of the system suitability preparation is injected, the resolution factor 
(14) between leucovorin calcium and folic acid is not less than 3.6. 


Procedure-Introduce equal volumes (about 3 pl) of the assay prep- 
aration and of the 50-mg standard preparation into the high-pressure 
liquid chromatograph by means of a suitable sampling valve or micro- 
syringe. Measure the response of the peaks, a t  identical retention times, 
obtained with the assay and standard preparations. Then calculate the 
quantity, in milligrams, of folic acid in each milliliter of the assay prep- 
aration by the formula C(AulAs), in which C is the concentration in 
milligrams per milliliter of folic acid in the standard preparation, and Au 
and A s  are the peak responses of the solutions from the assay and stan- 
dard preparations, respectively. 


Direct Colorimetric Assay-Standard Preparation-Dissolve about 
50 mg of USP folic acid reference standard, accurately weighed, in a 
mixture of 50 ml of water and 2 ml of 6 N ammonium hydroxide in a 
100-ml volumetric flask. When solution is complete, dilute with water 
to volume; mix. Dilute a measured portion of this stock solution with 0.17 
M dibasic potassium phosphate to give a concentration of about 10 fig 
of folic acidlml, calculated on the anhydrous basis. 


10 Millipore HA, 0.45 wm. 
11 Infotronics CRS digital integrator, Columbia Scientific. 


Assay Preparation-Prepare as directed under Standard Prepara- 
tion. 


Procedure-Add 5 ml of the standard and assay preparations to sep- 
arate 25-ml conical flasks. Continue as directed under TLC Assay, be- 
ginning with “add 1.0 ml of 0.4% (wlv) aqueous potassium permanganate 
solution. . . .” Calculate the quantity, in micrograms, of folic acid in each 
milliliter of the assay preparation by the formula C(AulAs), in which 
C is the concentration in micrograms per milliliter of folic acid in the 
standard preparation, and AU and As are the absorbances of the solutions 
from the assay and standard preparations, respectively. 


Correlation of Impurity Separations-Commercial folic acid (300 
pg) was analyzed by HPLC, using 0.1% (wlv) ammonium carbonate as 
the elution solvent. Fractions containing individual impurities were 
collected and reduced under a nitrogen stream to approximately 20 pl. 
Ten microliters was examined by TLC using the assay system, and 10 p1 
was subjected to HPLC using the perchlorate-phosphate-methanol 
system. 


RESULTS AND DISCUSSION 


TLC-Chromatographic systems for folic acid and related compounds 
were evaluated. In many of these systems, folic acid remained at the origin 
andlor the impurities did not separate. None of the published systems 
separated impurities as well as the system described in this report (Fig. 
1). 


When the sample was extracted from the silica gel with 0.3 N ammo- 
nium hydroxide, silicon dioxide interfered with the UV quantitation of 
folic acid at  255,283, and 365 nm. However, no interference was observed 
using the colorimetric determination a t  550 nm; precise results (Table 
I) were obtained. Three brands of commercial silica gel platesI2 yielded 
the same results. 


A plot of absorbance uersus weights of folic acid spotted gave a linear 
regression coefficient of 0.999 for amounts between 50 and 200 pg. Upon 
extrapolation below 50 pg, the line did not pass through the origin; 
however, a blank determination gave a zero absorbance reading. Although 
the curve was not linear below the 50-pg level, the assay was made well 
within the linear region of the curve. 


12 E. Merck, Brinkmann; Analtech; and Quantum. 
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Figure 1-Thin-layer 
chromatogram of folic acid 
(I# pg). Visualization was 
by shortwave UV light (a), 
longwaue UV light (b), po- 
tassium permanganate 
followed by diazotization 
and Bratton-Marshall re- 
agents (c), and diazotiza- 
tion and Bratton-Marshall 
reagents only (d). The in- 
dicated bands cochroma- 
tographed with the fol- 
lowing compounds: 12, folic 
acid; 13, 2-amino-1,4-di- 
hydro -4-0x0-6- pteridine- 
carboxylic acid and N- 
(p-aminobenzoyl) -L- glut- 
amic acid;andl5,2-amino- 
4(1 H)-pteridinone. 


Duplicates of the standards, blank, and two samples can be determined 
in 1 day, allowing 2.5 hr for plate development. The use of autopipets 
is recommended for the colorimetric sequence. It may not be necessary 
to have all standard preparations for each testing, preparing only the 
50-mgl5-ml standards and performing the standard curve only at  set 
intervals. The standard curve procedure given here is designed to ensure 
accurate assay values for samples that may be considerably different from 
the standard. 


HPLC-Based on reported use in the assay of methotrexate (15) and 
other acidic compounds (16), columns packed with octadecylsilane 
bonded to 5-10-pm microparticulate silica gel were investigated. 
Water-methanol solvent systems resulted in poor retention and tailing 
of folic acid. A 0.1% ammonium carbonate mobile phase gave resolution 
of several impurities, but the reproducibility of this system was poor. 
Phosphate buffers, pH 6-8, were tried; a pH near 7.2 gave optimum re- 
sults. 


The perchlorate-phosphate-methanol system described under 
Chromatographic System gave the best balance between resolution of 
impurities and retention times (Fig. 2). The system gave reproducible 
separations on columns from several different manufacturersg, except 
that occasionally an individual column did not adequately resolve un- 
identified component 4 (Fig. 2). Anticipated variations in column re- 
tentiveness were overcome by altering the methanol concentration by 
several percent. After several months of use, no column degradation 
peculiar to this mobile phase was noted. However, after several months 
of general use, some commercial columns showed signs of degradation, 
resulting in unsymmetrical peaks with two maxima. This phenomenon 
may be due to compression of the column packing, which leads to dead 
space at  the column inlet. 


Numerous compounds were investigated as potential internal stan- 
dards, but due to the number of impurities normally present in folic acid, 
it was difficult to find a suitable internal standard. To compensate for 
syringe sample size errors, either multiple syringe injections of folic acid 
sample and standard preparations or a more precise valve loop system 
were used. Leucovorin is not well resolved from several minor unidentified 
folic acid impurities, but its resolution from folic acid enables it to be used 
in a system suitability test (Fig. 3). This test specifies a minimum reso- 
lution between folic acid and leucovorin which, consequently, defines a 
system capable of separating impurities from folic acid. Systems with a 
resolution less than 3.6 gave an inadequate separation of impurities. 
Systems with resolution greater than 3.6 gave adequate separation of 
impurities, except that occasionally a column did not adequately separate 
component 4 (Fig. 2). 


A comparison of chromatographic parameters a t  two temperatures is 
given in Table 11. A 3540' temperature may be used to reduce retention 
times of folic acid; however, component 4 (Fig. 2) was not completely 
resolved under these conditions. Resolution between leucovorin and folic 
acid was also reduced from approximately 4.0 to 3.0, and there was a 
decrease in the number of theoretical plates. This decrease indicated that 
absorption rather than true partition chromatography was being observed 
and that folic acid was chromatographing as a surfactant rather than 
partitioning as a solute. This finding was also consistent in part with the 
TLC results, where adsorption chromatography was observed. Impurities 
with thin-layer mobilities greater than folic acid also exhibited lower 
HPLC retention times, while an unidentified impurity [HPLC compo- 
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Figure 2-High-pressure liquid chromatogram of folic acid (30 pg) 
using the assay system and a 254-nm photometer a t  0.08 aufs. The in- 
dicated peaks cochromatographed with the following compounds: 1, 
p-aminobenzoic acid and N-(p-aminobenzoy1)-L-glutamic acid; 2, 2- 
amino-1,4-dihydro-4-oxo-6-pteridinecarboxylic acid; 3, 2-amino- 
4(1 H)-pteridinone; and 5, folic acid. 


nent 6 (Fig. 2), TLC band 11 (Fig. I)] was more retentive than folic acid 
in both systems. 


Plots of both peak heights and integrator counts versus amount in- 
jected by microsyringe gave a linear regression coefficient of 0.999 for 
amounts between 15 and 60 pg. Injections in amounts up to 140 pg were 
made. Electronic measurements remained linear, but a saturation phe- 
nomenon was indicated above 60 pg by a gradual leveling in the slope of 
the peak height versus amount curve. A standard and four samples with 
at least triplicate injections of each can be determined in 1 day. 


Folic Acid Injection-The HPLC system probably can be adapted 
for assay of folic acid injection. The product examined13 contained 5 mg 
of folic acid/ml in pH 9 sodium hydroxide with edetate sodium'4 and 
benzyl alcohol added. A 6-pl aliquot was injected directly into the in- 
strument without prior sample preparation. In addition to the benzyl 
alcohol, k' = 4.4, two unidentified components (k' = 0.75 and 10.1) were 
separated that were not observed in the lots of folic acid examined. 


Identity of Impurities-Where authentic samples of reported im- 
purities could be obtained, direct chromatography of them in both TLC 


13 Folvite, Lederle. 
Sequestrene Sodium, Lederle. 
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Figure 3-High-pressure liquid chromatogram of leucovorin calcium 
(A) and folic acid (B) using the assay system. 


and HPLC systems demonstrated that all were separated by both 
methods. There was no rank-order correlation between Ri and k' 
values. 


Figure 1 shows a typical chromatogram of folic acid, Rf 0.50, well sep- 
arated from its impurities a t  Rf  0.28, 0.66, 0.74, and 0.80. Plates were 
sprayed with colorimetric reagents as directed under TLC Assay. The 
unidentified impurities in bands 11 and 14 reacted with colorimetric 
reagents only after potassium permanganate treatment, indicating that 
these impurities are measured along with folic acid in the USP XIX and 
similar colorimetric methods. 


The presence of N-  (p-aminobenzoy1)-L-glutamic acid in band 13 was 
indicated by Rf comparison with reference material and by its reaction 
to the colorimetric reagent sprays both before and after the potassium 
permanganate spray. The Rf and fluorescent character of band 13 indi- 
cated that it also contained 2-amino-1,4-dihydro-4-oxo-6-pteridinecar- 
boxylic acid. 


The Rf and fluorescent character of band 15 indicated the presence 
of 2-amino-4(1H)-pteridinone. Although the R f  of band 15 also corre- 
sponded to p-aminobenzoic acid, it did not give the characteristic color 
reaction. Thus, p-aminobenzoic acid was not an impurity in the folic acid 
lots examined. 


Extraction of thin-layer bands and subsequent HPLC was not entirely 
satisfactory in correlating TLC and HPLC separations. The HPLC 
analysis of the 0.3 N ammonia extract of the TLC folic acid band dem- 
onstrated the presence of several impurities known to be separated by 
TLC, indicating folic acid decomposition during isolation. Likewise, the 
high phosphate-perchlorate concentrations in fractions collected from 
HPLC interfered with subsequent TLC analysis. When 0.1% ammonium 
carbonate was employed as an HPLC mobile phase, collected fractions 
could be analyzed by TLC. 


Figure 2 shows a typical HPLC separation of folic acid (k' = 6.5) from 
its impurities at k' = 0.12, 0.35, 2.2, 4.4, and 14.3. HPLC component 1 
cochromatographed with N -  (p-aminobenzoy1)-L-glutamic acid and p- 
aminobenzoic acid. HPLC component 2 cochromatographed with 2- 
amino-l,4-dihydro-4-oxo-6-pteridinecarboxylic acid. Components 1 and 
2 collected from the ammonium carbonate HPLC system gave an Rf  value 
comparable to band 13. 


HPLC component 3 (k' = 2.2) cochromatographed with 2-amino- 
4(lH)-pteridinone. After collection of component 3 (HPLC ammonium 
carbonate system) and subsequent TLC, bands 14 and 15 were detected 
by longwave UV light. TLC band 15 cochromatographed with 2-amino- 
4(1H)-pteridinone, while TLC band 14 has not yet been identified. 


Table 11-HPLC Parameters 


Retention Time, min Capacity Factor, k'a 


Peak Ambientb 35' Ambientb 35' 


1 2.9 2.7 0.12 -0 
2 3.5 2.7 0.35 -0 
3 8.2 5.7 2.2 1.1 
4 13.9 - 4.4 
Folic acidd 19.4 12.1 6.5 3.5 
6 39.8 23.2 14.3 7.6 


c - c  


' k' = (T, - To)/To, where T, = folic acid retention time, and TO = retention time 
of unretained component. * Approximate room temperature, 25'. e Peak not re- 
solved. d The number of theoretical plates, N = 5.54 (T,lW1/2)2, where T, = re- 
tention time and Wllz = peak width at half height, was 1950 at ambient temperature 
and 670 at 3 5 O .  


The correspondence of HPLC component 4 and TLC band 14 has not 
been confirmed. Both appeared to be a composite of a t  least two im- 
purities. HPLC component 4 (k' = 4.4) was not separated in the ammo- 
nium carbonate system where it may have chromatographed with com- 
ponent 3 or with folic acid (component 5). When component 3 was col- 
lected (HPLC ammonium carbonate system) and rechromatographed 
in the perchlorate-phosphate-methanol system, component 4 as well as 
component 3,2-amino-4( 1H)-pteridinone, was detected. 


The folic acid peak was collected from the ammonium carbonate sys- 
tem in two portions. Chromatography of both the first half and the second 
half of the collected folic acid peak in the perchlorate-phosphate- 
methanol system yielded detectable amounts of components 1,2,3, and 
4 (k' = 0.12,0.35,2.2, and 4.4, respectively) as well as folic acid itself. TLC 
of both portions of the collected folic acid gave bands 14 and 15 as well 
as folk acid. These results indicate some decomposition of folic acid 
during collection and preparation for rechromatography, making it dif- 
ficult to substantiate the purity of the folic acid peak. 


TLC band 11 corresponded to HPLC component 6 (k' = 14.3). Both 
were present in the present USP reference standard (designated A) and 
commercial lots but were absent in a previous USP reference standard 
(designated B). 


An unidentified trace impurity f0.05%, k' = 2.5) eluting between 
components 3 and 4 was detected in 1-day-old solutions of folic acid but 
not in fresh solutions. When a standard preparation (10 mglml) was 
heated with aeration at 80' for 2 hr, this decomposition product increased 
along with HPLC components 1-4. Decomposition of aerated and heated 
solutions was also shown by TLC; an additional fluorescent band above 
band 15 (R f  0.87) was detected. 


Tetrahydrofolic acid and dihydrofolic acid were chromatographed to 
aid in impurity identification. Both gave a k' = 7.6 and were resolved from 
folic acid (k' = 6.5) when present at the 30% level. In addition to the 
dihydrofolic acid and tetrahydrofolic acid main peaks, numerous peaks, 
including one cochromatographing with folic acid, were present, indi- 
cating sample impurity and/or rapid decomposition. Likewise, numerous 
thin-layer bands were detected by shortwave and longwave light as well 
as a shortwave absorbing band cochromatographing with the folic acid 
main band. TLC results indicated ongoing sample decomposition. With 
either compound, the number of bands present made it difficult to de- 
termine which were attributable to dihydrofolic or tetrahydrofolic 
acid. 


Moisture Determination-Determination of folic acid moisture 
content is nearly as important in determination of purity as the assay pro- 
cedure. Commercial folic acid samples usually contain 7-9.5% moisture, 
but they readily equilibrate with atmospheric humidity. Because the 
moisture content of a sample so quickly changes, it is necessary to de- 
termine the moisture content a t  the same time that the sample is weighed 
for the assay determination. 


The British Pharmacopoeia (9) specifies drying at  100' in vacuum to 
constant weight. Samples that had lost 6-7% in weight at these conditions 
still contained sufficient moisture by Karl Fischer titration to indicate 
predominance of the monohydrate (3.9% moisture) after drying. The 
dried material rapidly picked up moisture to return to the 7-9% range. 
Since the drying conditions do not remove all moisture and the dried 
material is hygroscopic, this procedure is not satisfactory. 


Attempts a t  moisture determination using the USP XIX direct titri- 
metric procedure (13) resulted in unreliable moisture values, which varied 
by several percent. The poor results were due to the low solubility of folk 
acid in the methanolic media usually used. Even if the medium was stirred 
during folic acid addition, large clumps formed with entrapped moisture. 
Similar difficulties were reported5 with the direct determination in 
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Table 111-Moisture Determination” 


Lot* Moisture, % f SDc 


7.68 f 0.18 
9.05 f 0.20 


A1 
8.46 f 0.15 


BI 


8.55 f 0.19 
A2 


7.75 f 0.15 
B2 
C 
D 8.48 f 0.14 
E 8.48 f 0.03 


0 Values were determined potentiometrically (Karl Fwher determination) uaing 
chloroform-methanol (41) as the solvent. b Subscripts denote different sublots 
of the USP reference standard Lots A and B. Commercial lots are denoted by C, 
D, and E. Values are the means of at least three determinations. 


methanol, and a back-titration procedure (13) was complex and tedious, 
but a mixture of chloroform-methanol (41) dispersed the folic acid 
particles and allowed the release of water for titration. In this laboratory, 
use of chloroform-methanol (4:l) eliminated the problem of particle 
aggregation and led to reproducible values for the lots of folk acid tested 
(Table 111). Increasing the chloroform beyond the specified amount led 
to poor electrode response. 


Assay Comparison-Results for direct colorimetric, USP XIX col- 
orimetric, TLC, and HPLC methods are given in Table I. Confidence 
limits a t  95% were calculated by the range method (17). The values in 
Table I are all corrected for moisture by the same titrimetric determi- 
nations for each lot made at  the time samples were weighed. This cor- 
rection allowed a comparison of results without concern about significant 
variations in moisture content and its determination. Furthermore, TLC 
and HPLC assays were conducted using subsampling from the same so- 
lutions. 


The USP XIX colorimetric assay gave anomalous results. For example, 
assay of Lots B versus A, Lots A versus B, and Lots A versus A all gave 
>loo% (101-109%). This result may have been due to the fact that sample 
and standard were not treated similarly. Also, the calculation procedure 
concentrates measurement uncertainties, making achievement of pre- 
cision and accuracy most difficult. For example, a realistic 0.5% difference 
in true absorbance for “tube 1” (6) leads to a difference of 1.8% in the 
final assay value. Also, values for “tubes 3 and 4” (used to subtract 
amounts of p-aminobenzoic acid and other diazotizable impurities) are 
sufficiently low to make accurate determination difficult, yet they have 
a considerable effect on the final purity value when taken through the 
calculation. Another problem is that the method is unspecific for folic 
acid in the presence of any impurities that oxidize to diazotizable com- 
pounds. 


In contrast, the direct colorimetric determination results for relatively 
pure reference standard material are more consistent with the chroma- 
tographic assays. However, direct colorimetry lacks the control of specific 
impurities offered by the chromatographic assays and could give mis- 
leading purity values for commercial folic acid. This method would be 
suitable for tablet content uniformity determination. 


The two chromatographic assays gave comparable results on separate 
days for reference standard (B uersus A) evaluation. This result was not 
unexpected, since the precision, linearity, and specificity of both methods 
were demonstrated. The choice of one procedure over the other depends 


on the resources of a particular laboratory. Unlike the HPLC method, 
the TLC method does not require a substantial investment in equipment 
or the availability of reproducible and dependable columns. Since fewer 
manipulative steps are required with HPLC, precision is less chemist 
dependent, the method is less work intensive, and less elapsed time is 
required for completion of an assay. 


REFERENCES 


(1) M. Hashmi, “Assay of Vitamins in Pharmaceutical Preparations,” 
Wiley, New York, N.Y., 1973, p. 215. 


(2) Y. A. Popova and E. Kovacheva, Nauchni. Tr. Vissh Inst. 
Khranit. Vkusoua Promst., Ploudiu, 17, 351 (1970); through Chem. 
Abstr., 77,52391n (1972). 


(3) Zbid., 16, (1969); through Chem. Abstr., 77,168685r (1972). 
(4) M. Hashmi, “Assay of Vitamins in Pharmaceutical Preparations,” 


(5) W. J. Mader and H. A. Frediani, Anal. Chem., 20,1199 (1948). 
(6) “The United States Pharmacopeia,” 19th rev., Mack Publishing 


Co., Easton, Pa., 1974, pp. 211,624. 
(7) B. L. Hutchings, E. L. R. Stokstad, J. H. Boothe, J. H. Mowat, 


C. W. Waller, R. B. Angier, J. Semb, and Y. Subbarow, J. Biol. Chem., 
168,705 (1947). 


(8) W. D. Hubbard, M. E. Hintz, and D. A. Libby, J.  Assoc. Offic. 
Anal. Chem., 49,804 (1966). 


(9) “British Pharmacopoeia 1973,” Her Majesty’s Stationery Office, 
London, England, 1973, p. 210. 
(10) H. S. R. Iyer and B. K. Apte, Indian J. Pharm., 31,58 (1969); M. 


Hashmi, “Assay of Vitamins in Pharmaceutical Preparations,” Wiley, 
New York, N.Y., 1973,,p. 221. 
(11) F. Y. Tripet and U. W. Kesselring, Pharm. Acta Helu., 50,312 


(1975). 
(12) R. C. Williams, D. R. Baker, and J. A. Schmit,J. Chromatogr. Sci., 


11,618 (1973). 
(13) “The United States Pharmacopeia,” 19th rev., Mack Publishing 


Co., Easton, Pa., 1975, pp. 668,669. 
(14) Ibid., p. 640. 
(15) W. P. Tong, J. Rosenberg, and D. B. Ludlum, Lancet, 2, 719 


(16) P. J. Twitchett and H. C. Moffat, J.  Chromatogr., 111, 149 


(17) E. L. Bauer, “A Statistical Manual for Chemists,” Academic, New 


Wiley, New York, N.Y., 1973, p. 222. 


(1975). 


(1975). 


York, N.Y., 1971,~. 152. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received May 21,1976, from the Drug Research and Testing Labo- 


Accepted for publication September 23,1976. 
Presented in part at the Pharmaceutical Analysis and Control Section, 


APhA Academy of Pharmaceutical Sciences, New Orleans meeting, April 
1976. 


The authors thank Dr. George Kurtz, Sherer Corp., for the folic acid 
samples. 


ratory, United States Pharmacopeia, Rockuille, MD 20852. 


To whom inquiries should be directed. 


11 16 / Journal of Pharmaceutical Sciences 








for 12 hr and refrigerated overnight. The precipitate was filtered and 
washed with dry ether, and the filtrate was evaporated in uacuo, leaving 
an oil. This oil was distilled at  165-170'/0.2 mm, giving 3.8 g (25%) of a 
solid, mp 42-45'; IR (potassium bromide): 3300 (NH), 1520 (Nod ,  
1335-1375, and 1125-1150 (SOz) cm-l; [alp +37.0° (c = 1, ethyl ace- 
tate). 


Anal.-Calc. for C10HllF3N20& C, 38.46; H, 3.53; N, 8.97; S, 10.26. 
Found: C, 38.7; H, 3.8; N, 9.2; S, 10.3. 
(+)-N-Trifluoromethanesulfonyl-1-methyl-2 - (4 - trifluoroace- 


tylaminopheny1)ethylamine (X1V)-A solution of 3.12 g (0.01 mole) 
of V in 150 ml of tetrahydrofuran with 0.4 g of platinum dioxide was hy- 
drogenated at 3 atm. After 48 hr, the solution was filtered and the solvent 
was removed in uacuo. The residual viscous liquid was dissolved in 250 
ml of benzene; to this solution was added, with stirring, 2.1 g (0.015 mole) 
of trifluoroacetic anhydride. The mixture was refluxed for 3 hr, allowed 
to cool, and refrigerated overnight. The resulting solid was filtered, 
washed with water, and dried in uacuo. Recrystallization from aqueous 
ethanol gave 0.8 g, mp 143-145'; IR (potassium bromide): 3350, 3230 
(NH), 1700 (C=O), 1200, and 1150 (SO*) cm-'; [a13 +20' (c = 1, ethyl 
acetate). 


Anal.-Calc. for C I ~ H ~ ~ F S N ~ O ~ S :  C, 38.10; H, 3.17; N, 7.41; S, 8.47. 
Found: C, 38.2; H, 3.2; N, 7.7; S, 8.1. 


Antiobesity Test-Rats were trained over 2 weeks to eat their daily 
food ration4 in only 5 hr. After training, either vehicle (controls) or drug 
was administered orally by gastric intubation daily for 5 days. One hour 
after drug, tared food cups containing the food ration were presented. 
The cups were weighed after 1 hr of feeding and again after 5 hr of feeding. 
Water was available ad libitum. Rats were weighed daily before drug 
administration. 
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Release of Drugs from Ointment Bases 11: 
In Vitro Release of 
Benzocaine from Suspension-Type Aqueous Gels 


F. BOTTARI, G. DI COLOx, E. NANNIPIERI, 
M. F. SAETTONE, and M. F. SERAFINI 


Abstract The in vitro release of benzocaine, suspended in an aqueous 
gel, through silicone rubber membranes was studied to test an extension 
of existing mathematical models. The theoretical treatment proposed 
is intended for experimental systems involving release, through a non- 
porous membrane, of a drug whose concentration is a few times (23) 
greater than its solubility in the vehicle. For either micronized (2 pm) or 
macrosize (125 pm) drug, the Q (amount released) versus t112 (time112) 
plots were not linear until substantial time had elapsed. Excellent 
agreement was found between the experimental points and theoretical 
plots, generated by a computer fit to experimental data of an equation 
derived from a reported vehicle-boundary diffusion layer model. The 
values of the solubility and of the diffusion coefficient of benzocaine in 
the gel, calculated by the present mathematical treatment from release 
data, were in agreement with literature data. The particle size of released 
benzocaine did not influence the release pattern, thus confirming release 


in the present conditions to be diffusion rather than dissolution con- 
trolled. The present method is applicable for determining the Solubility 
and diffusion coefficient of drugs in vehicles in cases not contemplated 
in current release theories. 


Keyphrases 0 Drug release-benzocaine from aqueous gels through 
silicone rubber membranes in uitro, mathematical models extended 
Benzocaine-release from aqueous gels through silicone rubber mem- 
branes in uitro, mathematical models extended 0 Models, mathemati- 
cal-extended to fit in uitro drug release system where drug concentra- 
tion is greater than solubility in vehicle Solubility-benzocaine in 
aqueous gel vehicle, calculations derived from mathematical drug release 
models 0 Diffusion coefficients-benzocaine in aqueous gel vehicle, 
calculations derived from mathematical drug release models 


The in uitro release of drugs from topical vehicles, in 
spite of its limited correlations with in uiuo absorption, 
may offer useful information on some physicochemical 
factors involved in the latter process. Such important pa- 


rameters as the diffusion coefficient and the solubility of 
a drug in a vehicle can be calculated by relatively simple 
equations, derived from mathematical models describing 
the process of in uitro release of drugs dissolved (1-3) or 
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suspended (1, 4-7) in ointment bases. In practice, these 
equations are used rarely, since their use is restricted by 
theoretical requirements whose fulfillment is difficult to 
realize and to verify in most experimental systems (3,8- 
10). 


For suspended systems, zero concentration of the drug 
at the interface separating the donor and the receiving 
phase is required in the vehicle-controlled model proposed 
by Higuchi (4), while Roseman and Higuchi's (6) vehicle- 
interfacial barrier-controlled model applies only to systems 
where the solubility of the drug is negligible with respect 
to the concentration in the vehicle. Neither model ade- 
quately fits some common experimental systems such as 
those involving release through a nonporous membrane 
of a drug whose concentration is only a few times greater 
than its solubility in an ointment. 


The purposes of the present work are to describe and to 
assess an extension of the existing quantitative treatments 
that might be useful in similar cases. As a practical test of 
the theory, the release of benzocaine from suspension-type 
aqueous gels through silicone rubber membranes was in- 
vestigated. 


THEORETICAL 


The matrix-boundary layer model proposed by Roseman and Higuchi 
(6) for the release of drugs suspended in planar matrixes may be extended 
to any homogeneous solid or semisolid vehicle separated from a receptor 
sink by a planar diffusional barrier. Accordingly, the following equation 
describing the pattern of the amount of drug released versus time can 
be derived: 


Q 2  + 2D,RAQ = 2D,AC,t (Eq. 1) 


where Q is the amount of drug released per unit area; D ,  is the effective 
diffusivity of drug in the vehicle; A and C, are the total concentration 
and the solubility, respectively, of drug in the vehicle; and R is the dif- 
fusional resistance of the barrier interposed between the vehicle and the 
receiving phase'. 


The following assumptions were made in the derivation of Eq. 1: (a) 
a quasi-steady state (11) exists, ( b )  the drug particles are small when 
compared to the average distance of diffusion, ( c )  the concentration of 
drug in the vehicle is much greater than its solubility in the vehicle ( A  
>> C s ) ,  ( d )  the diffusion coefficients in the vehicle and in the barrier are 
constant, ( e )  diffusion rather than dissolution is the rate-controlling step, 
(f) the diffusion process occurs through the continuous phase rather than 
through pores or channels within the medium, and (g) the receiving so- 
lution is a perfect sink. 


Equation 1 is essentially valid for all times in which the suspended 
phase is present, less than the initial lag time, corresponding to the time 
necessary for establishment of a quasi-stationary state and for the average 
distance of diffusion to overwhelm particle dimension [see conditions 
(a )  and ( b ) l .  


When Q2 >> 2D,RAQ, i.e.,  when Q / A  >> 2D,R, Eq. 1 reduces toEq. 2, 
previously derived by Higuchi (4) for the entirely vehicle-controlled 
process : 


Q = d2AC,D, t  
Under these conditions, any appreciable resistance to diffusion at the 
vehicle-receiving phase interface, where the drug Concentration drops 
to negligible values, no longer exists. 


Where C, is not negligible with respect to A ,  the vehicle-controlled 
model is described by (3): 


Q = d ( 2 A  - C,)C,D,t 
The conditions for validity of Eq. 3 are the same as for Eq. 2, except that 
the total drug concentration ( A )  is only a few (3-4) times greater than 
the solubility in the vehicle ((2,). The application of Eq. 3 to the deter- 


mination of the diffusivity and solubility of drugs in solid or semisolid 
vehicles was reported previously (12). However, Eq. 3 is only applicable 
when zero concentration exists a t  the vehicle-receiving phase interface. 
This condition is well approximated only in cases of very little diffusional 
resistance of the interfacial barrier compared with that of the vehicle. 
The more general Eq. 1, although not limited by this condition, is only 
valid when C, is negligible with respect to A [condition ( c ) ] ,  so its use for 
the determination of D ,  and C,  is limited in cases of high C,  values due 
to considerable experimental difficulties in attaining the A >> C, condi- 
tion. 


The applicability of Eq. 1 can be extended to experimental systems 
in which A is but a few times (33) greater than C, if it is modified as 
follows: 


Q 2  + 2D,RA*Q = 2D,A*C,t (Eq. 4) 
where: 


(Eq. 5) 


and C ,  represents the concentration of drug in the vehicle at the interface 
with the barrier. According to the assumptions made in the Appendix, 
where details of the derivation of Eq. 4 are discussed, A* seems to be 
comparatively little influenced by the variation of C ,  with time and may 
be considered as constant. For small values of R and/or large values of 
time, Eq. 5 reduces to A* = A - C,/2 (cf., Eq. 8) and Eq. 4 reduces to Eq. 
3. 


Equation 4 should lend itself to the determination of the solubility and 
diffusivity of drugs in ointments through release data when either Eq. 
1 or 3 is inapplicable. Therefore, it is convenient to put Eq. 4 in the 
form: 


Q = -a,+ d a 2  + b ( t  - q )  (Eq. 6) 


where a = D,RA*, b = 2D,C,A*, and q is a correction term which depends 
on the lag time. 


The values of  a, b, and q can be obtained through a least-squares fit 
of Eq. 6 to experimental release data. By recalling Eq. 5, the following 
relationship between the parameter b and ( A  - C J 2 )  can be written: 


C b = 2D,C, ( A  -2) 2 - D,CS2 (Eq. 7) 


For the same reasons indicated for Eqs. 4 and 5, Eq. 7 is supposed to hold 
with sufficient approximation for any value assumed by C,  in the time 
interval under study. Since linear concentration gradients are assumed, 
the value of C ,  at any point of this interval can be obtained, once the 
diffusional resistance, R ,  is experimentally determined (e.g., by steady- 
or quasi-steady-state permeation experiments), from the relationship 
(11): 


dQ C , = R -  d t  (Eq. 8) 


where d Q / d t ,  the instantaneous release rate, can be obtained from Eq. 
6 by differentiation. According to Eq. 7, it should be possible to construct 
a linear plot of b versus ( A  - C , / 2 )  by carrying out experiments with 
varying drug concentrations ( A  3 3C,)  and calculating a single C,, value 
for each A at  any time in the interval studied. The value of C,s equals twice 
the abscissa intercept of this plot. 


Alternatively, C, can be obtained from the averaged ratio of parameter 
6 to parameter a (Eq. 6 )  once R is known: 


(Eq. 9) 


Following the calculation of C,, D ,  can be calculated from the slope of 
the b versus ( A  - C,/2)  plot utilizing Eq. 7. The accuracy of the results 
and its dependence on the C ,  values used in the calculations will be 
evaluated later. 


EXPERIMENTAL 


Materials-Carbomer 934P, a carboxyvinyl polymer', was used as 
received; its sodium salt was prepared as described in the literature (13). 
Benzocaine3 was crystallized to a constant melting point of 91.5'. Par- 
ticles with an average diameter of 125 gm (geometric) were obtained using 
100-140-mesh ASTM sieves. A sample was micronized*, and the average 
diameter of the particles (microscopic analysis) was 2.0 gm (geometric). 


1 When more than one barrier is involved (e.g., a membrane and the adjacent 
hydrpdynamic layer), the resistance is the sum of the resistances of the individual 
barriers. 


2 Carbopol934, B. F. Goodrich Chemical Corp., Cleveland, Ohio. 
3 Carlo Erba, Milano, Italy. 


J e t  mill model JMRS-80, Frvma Maschinen AG, Rheinfelden, Switzerland. 
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Figure I-Quasi-steady-state permeation plot of benzocaine through 
a silicone rubber membrane from an  aqueous solution. Initial concen- 
tration Cia = 1.0 mglml. 


Silicone rubber5 sheeting, labeled thickness of approximately 127 wm, 
was used as the membrane material. 


Solubility Determinations-The water solubility of benzocaine a t  
30°, determined spectrophotometricallf (286 nm) on a sample equili- 
brated for 3 days, was 1.31 ghiter. The solubility in the gel was presumed 
to be the same, since gels containing 1.31 mg of benzocainelml were 
perfectly clear on microscopic7 examination while suspended particles 
were visible in the gel kept at  30° several days after addition of 5% excess 
drug over the water solubility value. 


Gel Preparation-The following procedure allowed preparation of 
homogeneous, air-free, suspension-type gels. To  100 ml of a saturated 
solution of benzocaine (0.13% w/v) in distilled water a t  30’ was added 
portionwise, while stirring, the sodium salt of the carboxyvinyl polymer 
(1.0 g, or 2.0 g in one case) together with the appropriate amount of either 
micronized or macrosize benzocaine. After the addition, the vessel was 
connected to a water pump; thorough stirring was continued until a 
bubble-free, clear gel formed. 


After preparation, all gels were stored a t  30’ for future use. The ben- 
zocaine contents of the gels used, determined spectrophotometrically 
after appropriate dilution with water, were 2.59,3.03,3.70,4.60,5.10, and 
10.90 rnglml for micronized drug and 3.05, 4.12, and 4.92 mg/ml for 
macrosize drug. 


Release Experiments-The release of benzocaine from the gels 
through silicone rubber membranes was investigated using a previously 
described apparatus (14) with minor modifications. A new cell, made 
entirely of polymethyl methacrylates, was used in place of the metal cell. 
The metal cell released, to the acidic (0.1 N HC1) receiving solution, 
substances interfering with the spectrophotometric assays. The only 
metal parts were the screw shanks (cf., Ref. 14, Fig. l), whose contact with 
the external solution was prevented by polymethyl methacrylate cap nuts 
and silicone rubber gaskets. ?‘he transparent material also allowed in- 
spection of the cell contents, so the development of a sharply defined 
depletion zone in the gels could be observed during the experiments. 


The capacity of the cell was 19.60 ml, and the diameter of the available 
area for diffusion was 5.0 cm. The cell was filled with the gel, the excess 
was removed with a spatula to produce an even surface, and the mem- 
brane, which had been presoaked in water for a t  least 24 hr, was carefully 
placed and pressed on the gel. The upper part of the cell was then as- 
sembled. All of these operations were performed in a conditioned atmo- 
sphere (30” and 100% relative humidity). The cell was then placed into 
a jacketed beaker (full capacity of 1.5 liters) connected to a constant- 
temperature bath (30 f 0.1’) and circulator. 


5 Silastic, Medical Products division, Dow Corning Corp., Midland, Mich. 
Beckman DU spectrophotometer. 


7 Zeiss Zoom 111 stereomicroscope. * Plexiglas, Rohm & Haas Co., Philadelphia, Pa. 


1 .o 1 


t%, set% 
Figure 2-Amount of benzocaine released from suspension-type gels 
prepared with micronized drug as a function of the square root of  time. 
Key: A, 10.9 mglml; a, 4.6 mglml; A, 3.7 mglml; and 0,2.59 mg/m[. Two 
plots (5.10 and 3.03 mglml)  were omitted for clarity. 


A t  t = 0, prewarmed 0.1 N HCl (0.5-1.0 liter, depending on the gel 
concentration) was introduced into the beaker, and stirring was imme- 
diately initiated using a two-blade propeller connected to a 300-rpm 
synchronous motorg. At appropriate intervals, measured volumes of the 
receiving phase were removed, diluted, if necessary, with 0.1 N HC1, and 
analyzed spectrophotometrically for benzocaine hydrochloride (227 nm). 
Blank runs demonstrated the absence in the external solution of materials 
that might interfere with the measurements. 


Diffusional Resistance of Membrane-This value was determined 
by allowing benzocaine to permeate through the membrane under 
quasi-steady-state conditions. The experimental technique was described 
previously (15, 16). The permeation cell used had polymethyl methac- 
rylate parts, instead of the stainless steel parts of the original cell, in 
contact with the external solution. The membranes were of the same type 
as in the release experiments and were presoaked in water for a t  least 24 
hr. Both the internal and external stirring was performed by 300-rpm 
synchronous motorsg. 


The available area for diffusion was 7.55 cm2; the volume of the internal 
solution (benzocaine in distilled water, 0.1% w/v) was 25.0 ml. The ex- 
periments were carried out at  30’. Aqueous 0.1 N HCl(500 ml) was used 
as the external solution; the permeant content of this solution was de- 
termined a t  appropriate intervals, as in the release experiments. The 
concentration of the internal solution ( C , )  a t  different times was calcu- 
lated from the final drug concentration inside the cell and the amount 
that had appeared in the external solution. Blank runs demonstrated the 
absence, in the external solution, of materials that might interfere with 
the measurements. 


Data Treatment-Each release and permeation experiment was 
performed at  least four times, and the averaged data were used to draw 
the individual plots. With the linear plots, the data were fed to a desk 
electronic computerIO fitted with a program for the computation of re- 
gression parameters and statistics. All linear regressions were highly 
significant ( p  < 0.005). Least-squares fits of Eq. 6 to release data were 
done with the aid of a digital computer, using an appropriate pro- 
gram”. 


RESULTS AND DISCUSSION 


Diffusional Resistance of Membrane-In the present system, the 
diffusional resistance of the interfacial barrier, R ,  was only due to the 
silicone rubber membrane, since the diffusant was completely converted 
to a different species (its salt form) immediately after crossing the 
membrane. To obtain a more realistic value, R was determined by 
quasi-steady-state rather than by steady-state experiments. The con- 
ditions were thought to reproduce more closely those existing during 
release experiments, i.e., a varying drug concentration at  the mem- 
brane-donor phase interface. 


If sink conditions are assured, the permeation of a drug from a stirred 


9 Crouzet SA, Paris, France 
lo Olivetti Programma 101. 
11 IBM 370/158; Nonlinear Least-Squares Regression Program BMDX85 (W. 


J.  Dixon! “Biomedical Com uter Program, X-Series Supplement,” University of 
California Press, Berkeley, Ealif., 1970). 
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Figure 3-Amount of benzocaine released from suspension-type gels 
prepared with macrosize drug as a function of the square root of time. 
Key: h, 4.92 mglml; A, 4.12 mgfml; and 0,3.05 mglml. 


solution across a membrane under quasi-steady-state conditions is de- 
scribed by (11): 


1.0 


0.8 


n 
E 
u 0.6 


E 
0' 


. m 


0.4 


0.2 


S 
R'Vi In CilCio = - t 
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where Ci and C;O are the concentrations of the donor solution a t  finite 
time t and a t  t = 0, respectively; Vi is the volume of the donor solution; 
S is the area of the membrane; and R' is the diffusional resistance of the 
membrane if contributions from nonstirred liquid layers adjacent to both 
sides of the membrane are insignificant, as assumed for the present ex- 
perimental system. 


The value of R (in release experiments) is related to R' (calculated from 
permeation experiments) through the following equation, which takes 
into account the difference existing between the donor phases in release 
and permeation experiments: 


(Eq. 11) 
K m / g  


where Kmlw and Km/g are the membrane-water and membrane-gel 
partition coefficients, respectively. In the present case, the drug solubility 


R - Kl?l/lG Rf 


t 
I I 1 


r, sec x 
Figure 4-Amount of benzocaine released from suspension-type gels 
containing different concentrations of micronized drug as a function 
of time. Symbols represent experimental data; curves are based on 
theoretical calculations. Key: ., 10.9mglml; 0 ,5 .1  mglml; A, 4.6 mglml; 
A, 3.7 mglrnl; m, 3.03 mglml; and 0,2.59 mglml. 
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Figure 5-Amount of benzocaine released from suspension-type gels 
containing different concentrations of macrosize drug as a function of 
time. Symbols represent experimental data; curves are based on theo- 
retical calculations. Key: 0, 4.92 mglml; A, 4.12 mglml; and 0, 3.05 
mglml. 


in the gel was the same as in water. Therefore, KmlW = K,,,, and R could 
be calculated directly from the slope of the permeation plot according 
to Eq. 10. Figure 1 illustrates a typical permeation (log C,/Cio versus t )  
plot, whose linearity demonstrates the adherence of the experimental 
system to Eq. 10. An average value of 8.3 X lo3 sec/cm resulted for R from 
the permeation experiments. 


Release Experiments-Figures 2 and 3 illustrate the results of release 
experiments with micronized and macrosize benzocaine, respectively. 
The experiments were carried out over 3.5 hr at  concentrations ranging 
from 2.59 to 10.9 mglml for micronized drug and from 3.05 to 4.92 mg/ml 
for macrosize drug. In no case was a linear relationship between Q and 
t1f2 observed, a t  least until a substantial amount of time elapsed. Thus, 
the nonlinearity of the graphs appears to rule out the vehicle-controlled 
model described by Eq. 3. Since Eqs. 1 and 4 predict the presence of a 
nonlinear region during early release times, it is reasonable to assume that 
the vehicle-membrane-controlled model was operative in this case. 


This assumption is confirmed by the graphs in Figs. 4 and 5, in which 
the experimental release plots of benzocaine (micronized and macrosize, 
respectively) are compared with theoretical plots, generated by a least- 
squares fit of Eq. 6 to experimental data, obtained with the aid of a digital 
computer. Since, as pointed out in the theoretical section, Eq. 6 is valid 
after the lag time, all data used for the interpretation were taken 30 min 
after the beginning of release experiments with micronized drug (60 min 
with macrosize drug). After these lapses of time, the thickness of the 
depletion zone, 1 ,  approximately estimated for each concentration from 
the amount of released drug (1 = QIA), was sufficiently great with respect 
to particle size and interparticulate distance for micronized and macrosize 
particles. The time required for establishment of a linear concentration 
gradient in the membrane should be negligible, as shown by the quasi- 
steady-state permeation graph in Fig. 1, whose ordinate intercept closely 
approaches the theoretical value, 1.00 mglml. Thus, it can be safely as- 
sumed that conditions (a) and (b) for the validity of Eq. 1 (and 6) were 
attained. The excellent agreement between calculated and experimental 
points indicates that Eq. 6 is well suited for describing the release pattern 
of micronized and macrosize drug. 


The values of a, b, and q,  estimated for each release experiment by the 
computer fit of Eq. 6 to release data, and the corresponding values of the 
concentration a t  the gel-membrane interface, calculated by Eqs. 6 and 
8, a t  the lower (C,I) and the upper (Cur )  ends of each time interval, are 
listed in Table I. The values of C,I and C,f are approximately 47-80 and 
18-40%, respectively, of C,, the solubility of benzocaine in the gel (1.31 
mglml, see Experimental). These comparatively high values possibly 
account for the curvature of the Q versus t lr2 plots (Figs. 2 and 3) and 
further support the application of Eq. 4, rather than of Eq. 3, to the 
present experimental system. 
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Table I-Values of Parameters a, b, and q (Eq. 6) and of C, (Eq. 8) Calculated at the Lower (C, j )  and Upper (C, f, Ends of the Time 
Interval for Each Release Experiment 


cui, C"! 
a b X lo4 q mglml mg/ml 


Particle A ,  
Size, gm mglml 


2.0 
2.0 


125.0 
9 0  I.I 


125.0 
2.0 


2.59 0.140 
3.03 0.170 
3.05 0.173 
2 I n  0.208 -. . ~ 


4.12 
4.60 


0.254 
0.260 


0.441 
0.485 
0.550 
0.640 
0.797 
0.852 


297 0.62 
163 0.61 
990 0.55 
396 0.73 


1170 
378 


0.65 
0.81 


0.24 
0.25 
0.28 
0.29 
0.33 
0.34 


4.92 0.325 0.995 945 0.68 0.37 
0.36 2.0 5.10 0.330 1.005 360 0.83 


2.0 10.90 0.720 2.330 405 1.05 0.53 


125.0 


Determination of Diffusion Coefficient and Solubility-In Fig. 
6, b was plotted uersus ( A  - CUi/2) and ( A  - C,f/2) (cf., Eq. 7 and Table 
I). Since all points fell, within the range of experimental error, on the same 
line, all data were grouped to build up the regression line. The nonperfect 
alignment of the points in the line is due to wide variations of the pa- 
rameter b with experimental error. However, the high value of the cor- 
relation coefficient (0.998) points to a significant linear relationship be- 
tween b and ( A  - C J 2 )  as predicted by Eq. 7. 


The value for the solubility of benzocaine in the gel, C,, calculated from 
the abscissa intercept of the plot in Fig. 6, was 1.18 mglml; the value of 
C, calculated by Eq. 9 was 1.29 mglml. Both values are in satisfactory 
agreement with the directly determined solubility value a t  30°, 1.31 
mglml. The values of the diffusion coefficient of benzocaine in the gel, 
calculated from the slope of the plot reported in Fig. 5 according to Eq. 
7, are 1.00 X cm2/sec, assuming C, = 1.18 and 1.29 
mglml, respectively. The agreement with the literature (17) value for the 
diffusion coefficient of benzocaine in water a t  30' (9.9 X cmz/sec) 
is satisfactory. This finding is indicative of the absence of interactions, 
mechanical andlor chemical, between diffusant and gel. Indeed, the pores 
in the gel network should be much larger than the molecular diameter 
of the diffusing drug, as indicated also by the observation that the rate 
of release of benzocaine was unaffected when the concentration of car- 
boxyvinyl polymer in the gels was doubled. The occurrence of chemical 


and 9.14 X 


1.0 ' 


e 0.8 


x .  
9 


' 


2 


0.6 ' 


0.4 ' 


0.2 . 


Figure 6-Relationship between parameter b and (A - Cv/2). Key: 0, 
(A - Cvi/2), micronized; 0, (A - Cvi/2), macrosize; A, (A - CVf/2), mi- 
cronized; and A, (A - Cvf/2), macrosize. See text for details. 


interactions appears unlikely in view of the chemical nature of benzocaine 
and the carboxyvinyl polymer and because the solubility of benzocaine 
in the gel was the same as in water. 


Influence of Particle Size-As stated earlier, the release pattern of 
benzocaine was unaffected by particle size; both micronized and 
macrosize drug were released according to Eq. 4 after a finite time from 
the beginning of the experiments. Indeed, the surface area of undissolved 
drug should not influence the release rate beyond the lag time, since Eq. 
4 requires release to be diffusion rather than dissolution controlled. 
However, the lag time itself should be highly influenced by particle size 
insofar as it depends on the time necessary for the thickness of the de- 
pletion zone to overwhelm particle diameter. In effect, the correction 
factor q (Eq. 6), which is directly related to the lag time, was greater for 
macrosize than for micronized drug (Table I). 


The observations do not disagree with the assumptions of Haleblian 
et al. (lo), who found that the surface area greatly influenced the release 
rate of chlormadinone acetate from silicone elastomer matrixes. They 
attributed this effect to a dissolution-influenced release. Indeed, the 
thickness of the depletion zone of their experimental system, estimated 
(as the QIA ratio) from the reported data, was at most about 100 Hm, 
while the diameters of the macrocrystals used were in the 100-300-rm 
range. 


CONCLUSIONS 


Equation 1, applied previously to the release of drugs from solid ma- 
trixes at concentrations largely exceeding solubility, is valid in a modified 
form (Eq. 4) for the release of benzocaine from an aqueous gel a t  drug 
concentrations only a few times greater than solubility. Equation 4 lends 
itself to the determination of the solubility as well as of the diffusion 
coefficient of drug in a vehicle. The determined values are satisfactorily 
accurate, a t  least for practical purposes. 


The present results are indicative of a method of potential utility for 
the study of the above parameters, particularly where the application 
of Eq. 3 is ruled out by the influence on release of the diffusional resis- 
tance of the barrier separating the donor and receiving phase and where 
the use of Eq. 1 is prevented by the practical impossibility of attaining 
the A >> C,  condition because of a high drug solubility in the oint- 
ment. 


The size of suspended particles is particularly important. Since the 
time necessary for attainment of the conditions of applicability of Eq. 
4 is remarkably dependent on particle dimension, the use of macrosize 
powder might waste both time and materials. 


APPENDIX 


Equation 1 was derived by equating the rate of release and the rate of 
quasi-steady-state diffusion through the vehicle and the interfacial 
barrier. For the A >> C, condition, the first parameter is directly pro- 
portional to the rate of increase of the thickness of the depletion zone, 
l(6):  


dQldt = A dlldt (Eq. A l )  
When C, is not negligible with respect to A ,  the proportionality fails 


as long as the time-dependent concentration at the interface with the 
barrier, C,, must also be taken into account in the expression of the re- 
leased amount per unit area and of the release rate: 


Q = [ A  - (C, + Cu)/2]1 0%. A2) 
dQldt = [ A  - (C, + C,)/2] dlldt - 1/2I dC,ldt (Eq. A3) 


However, if the second term in the rate expression is negligible when 
compared with the first, the factor within brackets in Eq. A3 can be as- 
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sumed by approximation to be constant (cf., Eq. 5). The consequent 
proportionality between dQ/dt and dlldt should enable derivation of Eq. 
4 in complete analogy with Eq. 1. That the condition for proportionality 
is generally satisfied also for values of A as little as 3C, can be verified 
by expressing this condition through the ratio of the first to the second 
term in the expression of the release rate (Eq. A3): 


(Eq. A4) 


and further substituting into this relationship the following expressions 
of C,, dC,, 1, and dl: 


C, = R dQ/dt (Eq. A5) 


(Eq. A6) 
(Eq. -47) 
(Es. A81 


dC, = (R  d2Q/dt2) dt 


1 = Q/(n - 1/2)Cs 
dl = [l/(n - 1/2)Cs] dQ 


where n = A/C,. Equation 1, where (n - 1/2)Cs is used in place of A, can 
be employed to obtain approximate expressions of Q, dQ, and d2Q/ 
dt2. 


Following calculation, the condition for proportionality between the 
release rate and the rate of increase of the thickness of the depletion zone 
can be written as, follows: 


>> 1 (Eq. -49) 
2x2(n - 1/2) - 3c 


2 - 1  


where r = v‘l t [2/(n - 1/2)D,R2]t. 


n = 3, while it increases with increasing n. 
It can be readily verified that the minimum value of the ratio is 18 for 
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Metabolism of 
N-Ethyl-3-piperidyl Benzilate in Rats 


CHING-HSIU CHEN *, MAHMOUD M. ABDEL-MONEM *x, and 
THOMAS P. KRICK* 


Abstract The metabolic fate of N-ethyl-3-piperidyl benzilate (I) and 
its potential metabolites 3-piperidyl benzilate (II), N-ethyl-3-hydroxy- 
piperidine (III), and 3-hydroxypiperidine (IV) was studied. Incubation 
of I with rat liver homogenates resulted in the formation of I1 and 111. 
Only a trace of unchanged drug appeared in urine after intraperitoneal 
injection of I. Approximately 9% of the injected dose of I was excreted 
in urine as I11 and 2% in the form of metabolites that produced 111 after 
acid hydrolysis. After intraperitoneal injection of I1 in rats, 18% of the 
dose was excreted in urine as IV. Approximately 26% of the injected dose 
of I11 was present in urine as the unchanged drug, and 63% of the dose 
was excreted in the urine in the form of conjugates that produced 111 on 
acid hydrolysis. Urine of rats injected with IV contained approximately 


During studies to develop potent and selectively acting 
atropine substituents for the treatment of GI disturbances, 
numerous compounds were synthesized that were superior 
to atropine with respect to antichslinergic potency, an- 
tisecretory effects, and reduced incidence of side effects 
(1). Most of these compounds are glycolate esters of het- 
erocyclic imino alcohols. In experimental animals, these 


50% of the injected dose as the unchanged drug and 50% of the dose in 
the form of a conjugate that produced IV on acid hydrolysis. The identity 
of the metabolites in extracts from urine was established by GLC-mass 
spectrometry. It is concluded that hydrolysis was one metabolic pathway 
for I and 11. The major routes of elimination of these compounds are not 
yet known and may include excretion in feces or metabolic transforma- 
tions resulting in the degradation of the piperidine ring. 


Keyphrases 0 N-Ethyl-3-piperidyl benzilate-metabolism in rats 
Metabolism-N-ethyl-3-piperidyl benzilate in rats Benzilates-N- 
ethyl-3-piperidyl ester, metabolism in rats 


drugs produced potent central nervous system (CNS) 
stimulation, as indicated by hyperactivity and other be- 
havioral disturbance tests (2). In humans, they were potent 
and long-lasting hallucinogenic and psychotomimetic 
agents (3). 


Some human subjects manifested a marked change in 
their basic mood and drive 1 or 2 days following a single 
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Hydroxylation of Three Benzodiazepines In Vitro 


E. MUSSINI, F. MARCUCCIX, L. AIROLDI, 
T. FACCHINETTI, and S. GARATTINI 


Abstract 0 Three structurally related benzodiazepines were studied 
as substrates for hydroxylation by liver microsomal enzymes of rats and 
mice. The V,, was comparable for dechlorodesmethyldiazepam, 
desmethyldiazepam, and 2'-chlorodesmethyldiazepam in the two animal 
species. The apparent K ,  decreased from dechlorodesmethyldiazepam 
to 2'-chlorodesmethyldiazepam for liver microsomal enzymes from both 
animal species. The hydroxylation of desmethyldiazepam and 2'-chlo- 
rodesmethyldiazepam yielded two pharmacologically active metabolites, 
oxazepam and lorazepam, respectively. 


Keyphrases Benzodiazepines, various-hydroxylation by rat and 
mouse liver microsomal enzymes in uitro C] Hydroxylation-three ben- 
zodiazepines by rat and mouse liver microsomal enzymes in uitro 
Metabolism-three benzodiazepines, hydroxylation by rat and mouse 
liver microsomal enzymes in uitro 0 Sedatives-three benzodiazepines, 
hydroxylation by rat and mouse liver microsomal enzymes in uitro 


Liver microsomal enzymes metabolize 1,4-benzodiaze- 
pines in vitro (1). Previously, it was shown that diazepam 
undergoes a process of N-1-demethylation and/or C-3- 
hydroxylation (Z), the relative intensity of these pathways 
depending, among other factors, on animal species (1,3), 
age (4), and induction by other treatments (5). This study 
was designed to investigate how changes in the chemical 
structure of a benzodiazepine influence its hydroxylation 
rate. To this end, desmethyldiazepam (I), dechloro- 
desmethyldiazepam (11), and 2'-chlorodesmethyldiazepam 
(111) were selected. 


EXPERIMENTAL 


Chemicals-Compounds 1-111 and their corresponding 3-hydroxyl- 
ated metabolites of pharmaceutical grade purity (99%) were used'. 


Animals-Male Charles River rats, 200 f 10 g, and male CDI mice, 
22 f 3 g, were used. 


Preparation of Liver Microsomes-Animals were killed, and the 
livers were immediately removed and homogenized in ice-cold 1.15% KCl 
(1:4 w/v) with a polytef-glass homogenizer. The homogenate was cen- 
trifuged at  9OOOXg for 20 min, and the supernate was centrifuged again 
at  105,OOOXg for 1 hr2. 


Incubation In Vitro-A microsomal suspension in 1.15% KCl con- 
taining 8-10 mg of protein/ml was used. Protein determinations were 
carried out by the Lowry et  al. (6) method. 


Each incubation mixture consisted of 1.5 ml of microsomal suspension 
equivalent to 0.4 g of liver, NADP (1.5 @moles), glucose 6-phosphate 
dehydrogenase (0.5 unit), magnesium chloride (25 @moles), niacinamide 
(50 @moles), 1.4 ml of 0.2 M phosphate buffer (pH 7.4), various concen- 
trations of substrates (1-111) ranging from 10-4 to M, and 1.15% KCl 
to obtain a final volume of 5 ml. The substrate concentrations were se- 
lected after preliminary experiments. 


The mixtures were incubated in a metabolic shaker3 at  37' under air 
for 60 min. 


A t  the end of the incubation period, the mixture was extracted twice 
with 10 ml of ether. The combined extracts were dried, redissolved in a 
suitable volume of an acetone solution of internal standard (diazepam), 
and analyzed by GLC. 


GLC Determination-A gas chromatograph4 and a 1-m long glass 
column (3 mm i.d.) packed with 3% OV-17 on Gas Chrom Q (100-120 
mesh) were used. The oven temperatures were 270 and 260" for 1-111 and 


~ 


Courtesy of Ravizza, Muggib, Milan, Italy. 


Dubnoff. 
Model GI, Car10 Erba, Milan, Italy. 


2 Beckman model L ultracentrifuge with 12.2-m rotor. 


Table I-Recovery Studies 


Benzodi- Microsomal Incubgtion 
azepines" Water, % f SE Mixture, % f,SE 


I11 
Lorazepam 
I 


95 f 3 
95 f 2 
95 f 2 
95 f 3 
95 f 1 
95 f 3 


Fpam 
Dechlorooxaze- 


81 f 1 
68 f 0.5 
85 f 2 
61 f 3  
88 f 3 
65 f 2 


a Added amounts ranged from 10 to 50 p g .  


their hydroxylated metabolites; the carrier gas flow (nitrogen) was 30 
ml/min. 


Recovery studies of tested benzodiazepines and their metabolites from 
water and from microsomal incubation mixtures without cofactors are 
reported in Table I. 


RESULTS AND DISCUSSION 


The results summarized in Table I1 show that the three benzodiaze- 
pines can be hydroxylated in uitro by liver microsomal enzymes obtained 
from rats or mice. The maximal velocity of hydroxylation, V,,,, was 
comparable for the three benzodiazepines with rat liver microsomes, while 
it was higher for I1 when mouse liver microsomes were utilized. 


The affinity for liver microsomal enzymes, expressed by the value of 
the apparent Km, was I1 < I < 111 for both rats and mice. 


The hydroxylation of 1,4-benzodiazepines may have biological sig- 
nificance, because the hydroxylated products frequently have pharma- 
cological effect.+. Compound I is, in fact, converted to oxazepam and I11 
is converted to lorazepam, both metabolites being utilized clinically 
(7-11). It is not known whether the hydroxylated metabolite of I1 is 
pharmacologically active, although I1 was reported (12) to be practically 
inactive in most experimental tests utilized to screen benzodiazepines. 


In mice, lorazepam was more active than oxazepam in antagonizing 
pentylenetetrazol(l3) and the parent compound I11 was more active than 
I(12). 


The presence of the hydroxylated metabolites in the brain of mice, but 
not of rats (14), explains the long duration of the effect exerted by I and 
111 in mice but not in rats (12). The facts that both I and I11 are equally 
hydroxylated in uitro by the liver microsomes of rats and mice but that 
the hydroxylated metabolites accumulate only in the brain of mice may 
be due to a rapid metabolism of hydroxylated benzodiazepines in rats 
(15,16). 


In conclusion, the results indicate that comprehension of the struc- 
ture-activity relationships of pharmacologically active compounds is 
tightly bound to studies of drug metabolism and distribution. From a 
chemical point of view, the presence of a chlorine in positions 7 (ring A) 
and 2' (ring C) should influence the energy of the CH bond (ring B) 
through resonance effects. 


The biotransformation of I and 111 to oxazepam and to chlorooxaze- 
Pam, respectively, is a stereospecific reaction (17), and the limiting step 
of this process is the breakdown of the CH bond. 


H 0 
N-C/ 


R, -@(cL>H2 11: I: R,  R, = = C1, R, = R k = H 
111: R, = R, = C1 


I 
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Table 11-C-3-Hydroxylation of Benzodiazepines by Liver 
Microsomal Enzymes of Rats and Mice 


Rat Mouse 


Vmax, moles/ Vmam moles/ 


strates K,, M mg of Protein K,, M mg of Protein 


I11 4.02 X 1.14 X 10-’0 4.52 X 6.23 X 10-10 
I 3.30 X 1.12 X 8.02 X 4.58 X 10-10 


Each figure corresponds to the mean value of four different determinations. 


Sub- min/ min/ 


I1 1.52 X 2.35 X 1.36 X 17.15 X 


Studies on the distribution of 1-111 and their metabolites after intra- 
venous administration to rats and mice are in progress. The correlation 
between in uitro and in uiuo metabolism for both animal species should 
help explain the species variations in metabolism and pharmacological 
activity. 


REFERENCES 


(1) S. Garattini, F. Marcucci, and E. Mussini. Drua Metab. Reu.. 1. - , ,  


291 (1972). 


20,807 (1968). 
(2) J. Kvetina, F. Marcucci, and R. Fanelli, J.  Pharm. Pharmacol., 


(3) F. Marcucci, R. Fanelli, E. Mussini, and S. Garattini, Eur. J .  


(4) F. Marcucci, E. Mussini, L. Airoldi, A. Guaitani, and S. Garattini, 
Pharmacol., 7,307 (1969). 


Biochem. Pharmacol., 22,3051 (1973). 


(5) F. Marcucci, R. Fanelli, E. Mussini, and S. Garattini, ibid., 19, 


(6) 0. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, J. 


(7) I. Zador, Dis. Neru. Syst., 30,688 (1969). 
(8) R. S. Warner, Psychosomatics, 6,347 (1965). 
(9) P. A. Botter, Curr. Med. Res., 1,282 (1973). 


(10) R. Deberdt, Curr. Ther. Res., 17,32 (1975). 
(11) J. Venema, Curr. Med. Res., 1,285 (1973). 
(12) L. De Angelis, U. Traversa, and R. Vertua, Curr. Ther. Res., 16, 


324 (1974). 
(13) F. Marcucci, E. Mussini, L. Airoldi, A. Guaitani, and S. Garattini, 


J.  Pharm. Pharmacol., 24,63 (1972). 
(14) F. Marcucci, E. Mussini, R. Fanelli, and S. Garattini, Biochem. 


Pharmacol., 19,1847 (1970). 
(15) P. Bertagni, F. Marcucci, E. Mussini, and S. Garattini, J.  Pharm. 


Sci., 61,965 (1972). 
(16) S. F. Sisenwine, C. 0. Tio, and H. W. RueBus, Pharmacologist, 


12,272 (1970). 
(17) A. Corbella, P. Gariboldi, G. G. Jommi, A. Forgione, F. Marcucci, 


P. Martelli, and E. Mussini, J .  Chem. SOC. Chem. Commun., 1973, 
721. 


1771 (1970). 


Biol. Chem., 193,265 (1951). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 28, 1976, from the Istituto di Ricerche Far- 


Accepted for publication December 15, 1976. 
macologiche “Mario Negri,” Via Eritrea, 62,20157 Milano, Italy. 


To whom inquiries should be directed. 


Small Animal Model for Myocardial Infarction 


ROBERT J. STAAB, VINCENT de PAUL LYNCH, 
CESAR LAU-CAM, and MICHAEL BARLETTA 


Abstract 0 Myocardial infarctions were produced in rats by electro- 
cauterization of the left anterior descending artery, and the extent of 
myocardial damage was measured by serial serum levels of creatine 
phosphokinase activity utilizing spectrophotometric analysis. All animals 
were also evaluated for myocardial damage by electrocardiographic wave 
alterations. A correlation between myocardial infarct size and serum 
creatine phosphokinase was demonstrated. Significant arrhythmias and 
death occurred only in experimental groups where myocardial infarction 
had been produced. This small animal model offers a quick, inexpensive, 
and simple method for screening therapeutic agents that alter infarct 
size. 


Keyphrases 0 Myocardial infarction-damage correlated with serum 
creatine phosphokinase levels, rats Creatine phosphokinase-serum 
levels correlated with myocardial damage caused by infarction, rats 
Enzymes-creatine phosphokinase, serum levels correlated with myo- 
cardial damage caused by infarction, rats 


More than 1,000,000 persons die annually in the United 
States from cardiovascular disease, the major cause of 
death in this country. Although a large percentage of 
deaths resulting from myocardial infarction are associated 
with cardiac arrhythmias, many patients expire in the 
coronary care unit due to power failure, especially low 
output congestive heart failure (1-3). Power failure was 
suggested to be related to inadequate cardiac output due 
to necrosis of functional myocardium (4, 5). In power 


failure, the extent of necrosis, as it is related to the critical 
mass of functional myocardium, may be used as a deter- 
minant of morbidity and mortality in clinical prognosis (6 ,  
7). 


BACKGROUND 


Several methods have been used to measure the extent of myocardial 
ischemia, including coronary blood flow, myocardial lactate production, 
angiography, radioactive scanning, and radioactive potassium tracers 
(8). Electrocardiographic (ECG) mapping experiments also were used 
to describe ischemic changes in the myocardium (9, 10). The problem 
encountered with these methods is that they study the extent of myo- 
cardial ischemia without quantitatively ascertaining the infarct size. 


The relationship between infarct size and the serum myocardial en- 
zyme levels has been recognized for many years. Myocardial infarct size, 
measured by excision and weighing of the damaged tissue, correlated 
closely with the extent of the depletion of myocardial creatine phos- 
phokinase (1 1). This enzyme offered many advantages over other myo- 
cardial enzymes, since it rose first following an infarction and returned 
to normal levels in approximately 3 days (12). Sequential serum changes 
of creatine phosphokinase were used to assess damage in the experi- 
mentally infarcted dog (13). 


A satisfactory quantitative method for the evaluation of myocardial 
damage would make it possible to determine the effect of therapeutic 
intervention on limiting the dynamic extension of an infarction. In this 
study, a simple, inexpensive, small animal model for inducing myocardial 
infarction, which may prove useful in the preliminary screening of drugs 
capable of altering infarct size, is presented. 
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Table I-Experimental Data 


Heart Rate, beatdmin f S E  Number of 


VF VFD Elevations 


Incidence of Arrhythmiasa Animals with 
Animal Number of Before After T-Wave 
Group Animals Surgery Surgery V 


I 10 350.6 f 11 328.8 f 26 0 0 0 0 
I1 10 353.6 f 10 335.0 f 25 0 0 0 0 


I11 54 354.7 f 14 322.5 f 12 13.4* 3 14 51 


a V = ventricular arrhythmias, VF = ventricular fibrillation, and VFD = ventricular fibrillation and death. * p < 0.05, X-square analysis. 


EXPERIMENTAL 


Animals-Seventy-four Sprague-Dawley' male rats, 300-400 g, were 
divided into three groups. Animals in Group I were surgically prepared, 
but no tissue was infarcted. Group I1 also served as a control and was 
handled similarly, except that skeletal muscle was infarcted by cautery. 
Animals in Group 111 were prepared surgically, and myocardial tissue was 
infarcted by cautery. All animals were given food2 and water ad libi- 
tum. 


Procedure for Inducing Infarction-The surgical preparation was 
carried out as follows. The animals were anesthesized with pentobarbital 
sodium3 (35 mg/kg ip), and the ECG was monitored throughout the 
surgical procedure. Following depilatation and sterilization with povi- 
done-iodine4, a 2.54-cm long incision was made through the skin in the 
left thoracic area to the skeletal muscle. The muscle layers were separated, 
with minimal damage, using blunt dissection, and a purse string suture 
was prepared around the incision site. 


After the ribs had been spread, the thorax opened, and the heart ex- 
posed, a branch of the left anterior descending artery was carefully cau- 
terized5. Artificial respiration was not employed, since the procedure 
involved an open thorax for only 15 sec. The chest was slightly compressed 
to create a negative intrathoracic pressure, and the purse string suture 
was closed. 


For the measurement of the creatine phosphokinase levels, blood was 
taken periodically from the tail for 54 hr at  intervals of 0,6,18,30,42, and 
54 hr, since creatine phosphokinase activity previously returned to 
baseline by this time (14-17). After each experiment, the surviving ani- 
mals were sacrificed, their hearts were removed, and the infarcted tissues 
were excised carefully. The necrotic tissue was weighed for future cor- 
relation with enzyme release data. 


Assay of Creatine Phosphokinase-A 0.1-ml volume of serum was 
used for the assay of creatine phosphokinase levels in a commercial 
spectrophotometric kit6. 


RESULTS AND DISCUSSION 


Significant arrhythmias and deaths occurred in the experimental 
groups where myocardial infarction had been produced compared to the 
various control groups (Table I). This finding agrees with previous reports 
indicating that death associated with an infarct is due to arrhythmias 
leading to ventricular fibrillation (18). These arrhythmias are believed 
to be associated with electrically excitable tissue resulting in pacemaker 
and conduction abnormalities (19). 


'0 6 12 18 24 30 36 42 48 54 
HOURS POST1 N FARCTION 


Figure 1-Variation of serum creatine phosphokinase levels with time 
in infarcted animals. 


1 Taconic Farms, Germantown, N.Y. * Purina Rat Chow, Ralston-Purina, St. Louis, Mo. 
3 Sedasol, Evsco Pharmaceutical Corp., Oceanside, N.Y. 
4 Betadine, Purdue Frederick, Yonkers, N.Y. 
5 Lawton Co., New York, N.Y. 
6 CPK 45-UV, Sipma Chemical Co., St. Louis, Mo. 
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The central zone of an infarct is necrotic tissue that cannot be salvaged 
and has already released the intracellular enzymes. This zone is believed 
to be responsible for the early rise in the creatine phosphokinase levels. 
The intermediate zone consists of ischemic tissue that gradually releases 
its enzymes. With the incorporation of a proper therapeutic regimen, the 
conversion of this ischemic zone to necrotic tissue may be precluded (20, 
21). 


Figure 1 illustrates the mean sequential serum creatine phosphokinase 
levels7 for the 54 animals in the experimental group. Since no significant 
rise in the creatine phosphokinase was observed in control Group 11, 
where the skeletal muscle had been cauterized, it can be concluded that 
the observed values of creatine phosphokinase in the experimental group 
are of cardiac origin. The curve is associated with two enzyme pools: a 
dynamic pool of the enzyme released upon infarction of myocardial tissue 
and the enzymatic decay associated with the metabolism and excretion. 
The upslope of the curve (Fig. 1) predominantly represents the release 
of the enzyme by the myocardium; the apex of the curve represents the 
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GRAMS OF DAMAGE OF MYOCARDIAL TISSUE 


Figure 2-Creatine phosphokinase activity in terms of the area under 
the serial creatine phosphokinase curve for each animal in  Group I I I  
(n = 5 4 )  plotted versus the grams of damage in the excised heart. This 
linear graph is a result of a standard linear regression analysis. The  
mean creatine phosphokinase curve area is 50.1975; the mean amount 
of damage is 0.193g. 


' In Sigma units, Technical Bulletin CPK 45-UV, Sigma Chemical Co., St. Louis, 
Mo. 







equilibrium between myocardial release and decay kinetics. The down- 
slope is predominantly associated with decay phenomena (21). 


Animals yielding the upper limits of enzyme release were experiencing 
serious ventricular arrhythmias and death. 


Figure 2 demonstrates the relationship between myocardial damage 
(in grams) and serum creatine phosphokinase activity. These results agree 
with a previous conclusion that there is a direct relationship between 
infarct size and serial enzyme release (22). The pharmacological signifi- 
cance of this model is that it allows study of the dynamic changes of the 
infarct and also institution of possible therapeutic regimens. 


This work also showed that there is a relationship among ECG T-wave 
elevation, grams of damage, and death in addition to the correlation with 
enzyme data. Of the 54 experimentally infarcted animals, 51 showed 
T-wave elevation indicating a hypoxic state. Furthermore, each of the 
14 animals experiencing ventricular fibrillation and death was in the 
group displaying a T-wave elevation. This work demonstrates the sen- 
sitivity of enzyme analysis with respect to ECG wave alterations in as- 
sessing myocardial infarction. 
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Cactus Alkaloids XXXIII: ,t?-Phenethylamines from the 
Guatemalan Cactus Pilosocereus maxonii 


S. PUMMANGURA, D. E. NICHOLS, and J. L. McLAUGHLINX 


Abstract TLC analysis of extracts of Pilosocereus maxonii (Rose) 
Byles and Rowley detected six identifiable alkaloids. Preparative TLC 
aided in the crystallization of the hydrochlorides of N-methyl-3,4-di- 
methoxyphenethylamine, N-methyl-3-methoxytyramine, and N , N -  
dimethyl-3-methoxytyramine. Traces of 3,4-dimethoxyphenethylamine 
(TLC and mass spectrometry), tyramine (TLC), and N-methyltyramine 
(TLC) were identified. While all of these compounds were isolated andlor 
detected previously in other cactus species, this study is the first reported 
crystallization of N-methyl- and N,N-dimethyl-3-methoxytyramine from 
a natural source. 


Keyphrases Pilosocereus maxonii-whole plant extract, six alkaloids 
isolated and identified Alkaloids-isolated from whole plant extract 
of Pilosocereus maxonii 8-Phenethylamines, various-isolated from 
whole plant extract of Pilosocereus maxonii 


The cactus genus Pilosocereus comprises some 50-60 
species, ranging from Florida, the Carribean, and Mexico 
through Central America into northern South America 
(1-3). These plants are large, columnar, “giant cacti,” and 
dense wooly hairs or bristles characteristically cover the 
areoles at the apex of the shoots. Throughout their natural 


range, species of Pilosocereus are used for hedges; a few 
have edible fruit, but their greatest value in the United 
States stems from their sale as ornamentals (4, 5). No 
previous reports have been made regarding the alkaloid 
content of members of this genus. 


In a continuing survey of the Cactaceae for new alka- 
loid-containing species, extracts of Pilosocereus maxonii 
(Rose) Byles and Rowley were screened. This attractive 
species is indigenous to Guatemala (3), but propagated 
plants are available in the United States from commercial 
cactus dealers. Six P-phenethylamine alkaloids were 
identified by TLC, and three were successfully crystallized 
as their hydrochlorides. This paper describes the extrac- 
tion, isolation, structure elucidation, identification, and 
synthesis procedures for these alkaloids. 


EXPERIMENTAL 


Plant Material-Terminal cuttings, both rooted and unrooted, of the 
plants were received on July 10, 1975, February 5, 1976, and March 5, 
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High-Performance Liquid Chromatographic 
Determination of Perphenazine and Amitriptyline 
Hydrochloride in Two-Component Tablet Formulations 


A. G. BUTTERFIELDX and R. W. SEARS 


-~ 


Abstract A rapid, precise, and accurate high-performance liquid 
chromatographic procedure is presented for the simultaneous determi- 
nation of perphenazine and amitriptyline hydrochloride in two-compo- 
nent tablet formulations. An aliquot of a methanolic extract of the tablet, 
containing trifluoperazine hydrochloride as an internal standard, is 
chromatographed on a nitrile bonded phase microparticulate column 
using a 0.005 M ammonium acetate-methanol (2080) mobile phase. 
Quantitation is by peak area. The relative standard deviations for the 
procedure are 0.34 and 0.54% for the simultaneous determination of 
perphenazine and amitriptyline, respectively. Eight commercial tablet 
formulations were analyzed and found to contain 96.5-101.5 and 96.5- 
103.3% of the labeled amounts of perphenazine and amitriptyline hy- 
drochloride, respectively. 


Keyphrases Perphenazine-high-performance liquid chromato- 
graphic analysis, pharmaceutical formulations containing amitriptyline 
hydrochloride Amitriptyline hydrochloride-high-performance liquid 
chromatographic analysis, pharmaceutical formulations containing 
perphenazine High-performance liquid chromatography-analyses, 
perphenazine and amitriptyline hydrochloride, two-component phar- 
maceutical formulations Tranquilizers-perphenazine, high-perfor- 
mance liquid chromatographic analysis, pharmaceutical formulations 
containing amitriptyline hydrochloride Antidepressants-ami- 
triptyline hydrochloride, high-performance liquid chromatographic 
analysis, pharmaceutical formulations containing perphenazine 


Perphenazine-amitriptyline hydrochloride two-com- 
ponent tablet formulations are produced by several man- 
ufacturers (1). To monitor the quality of these prepara- 
tions, a rapid, accurate procedure, applicable to all for- 
mulations, was required for the simultaneous determina- 
tion of both drugs. Conventional methods of analysis (2-6), 
such as the pharmacopeial procedures for the individual 
drugs (5,6) are not suitable because of interference from 
the other components. 


High-performance liquid chromatography (HPLC), 
however, is ideally suited to the analysis of mixtures (7-9) 
and has been employed extensively for the analysis of both 
phenothiazine (10-13) and dibenzcycloheptadiene (14,15) 
drugs, including the quantitative determination of ami- 
triptyline hydrochloride (15). This report describes an 
HPLC procedure for the simultaneous determination of 
perphenazine and amitriptyline hydrochloride in two- 
component tablet formulations. 


EXPERIMENTAL 


Materials-Amitriptyline hydrochloride USP' and perphenazine NF2 
were used as received. Both drug substances were compared chromato- 
graphically (HPLC) for retention time, impurities, and response factor 
to appropriate reference standards (NF and USP) and were assayed by 
nonaqueous titration procedures (5,6). Both drug substances were es- 
sentially identical to their respective reference standards. 


Trifluoperazine hydrochloride3 was used as received. Solvents and 
reagents were commercial analytical reagent grade. Water was double 


Merck Sharp and Dohme, Kirkland, Quebec, Canada. 
Schering, Pointe-Claire, Quebec, Canada. 
Smith Kline and French, Montreal, Canada. 


distilled in an all-glass still and filtered through a 0.2-pm filtel.4 with the 
aid of suction. 


Apparatus-A liquid chromatograph5, fitted with a septumless in- 
jection ports, a fixed wavelength UV detectol5 (254 nm), and a computing 
integratoP, was used. The detector was attenuated to 0.08 absorbance 
unit full scale (aufs), and the integrator output was attenuated X4 
throughout. 


Column-A 25 x 0.216-cm i.d. column containing a nitrile bonded 
phase packing7 was used at  ambient temperature and at a mobile phase 
flow rate of 80 ml/hr (150 bar). 


Mobile Phase-Methanol-0.005 M ammonium acetate in double- 
distilled water (8020) was prepared as required, degassed (refluxed for 
5 min), and then stored in the solvent reservoir of the instrument. 


Internal Standard Solution-A solution of trifluoperazine hydro- 
chloride in methanol (0.25 mg/ml) was used. 


Standard Curves-Methanolic stock solutions of perphenazine (1.0 
mg/ml), amitriptyline hydrochloride (5.0 mg/ml), and trifluoperazine 
hydrochloride (1.25 mg/ml) were prepared. Standard solutions were 
prepared by pipetting 5.0 ml of trifluoperazine stock solution into each 
of seven 25-ml volumetric flasks along with 10.0,8.0,6.0,5.0,4.0,2.0, or 
1.0 ml of both perphenazine and amitriptyline stock solutions. Each so- 
lution was diluted to volume with methanol, if necessary, and duplicate 
5-pl aliquots of each standard solution were chromatographed. 


Calibration Standard Solutions-Approximately 3 mg of per- 
phenazine and 15 mg of amitriptyline hydrochloride, accurately weighed, 
were transferred to a 20 x 150-mm screw-capped culture tube8and dis- 
solved in 25.0 ml of internal standard solution. Duplicate 5-pl aliquots 
of the resulting solution were chromatographed periodically to check the 
slopes of the calibration curves. 


Analysis of Pharmaceuticals-Single- Tablet Assay-A tablet was 
placed in a 20 X 150-mm screw-capped culture tube and crushed to a fine 
powder with a glass rod. Internal standard solution, 25.0 ml, was added 
to the tube, which was then closed, tumbled on a rotatorg at 30 rpm for 
15 min, and centrifugedl0 at  2000 rpm for 5 min. Duplicate 5-pl aliquots 
of the supernate were chromatographed. 


Tablet Composite Assay-A tablet composite was prepared by 
grinding 20 tablets in a mechanical milP. A quantity of powdered tablet 
material equivalent to one tablet was transferred to a 20 X 150-mm 
screw-capped culture tube. The sample was treated as described pre- 
viously. 


Quantitation-Quantitation was by peak area ratio of the sample to 
the internal standard. 


RESULTS AND DISCUSSION 


Evaluation of Chromatographic Systems-Table I lists retention 
times (RT) ,  column efficiency ( N ) ,  capacity factors (k'), selectivity (a), 
and resolution (R) data for perphenazine and amitriptyline hydrochloride 
on three bonded phase columns. Perphenazine eluted behind ami- 
triptyline on the octadecylsilane bonded phase column12 and ahead 
on the fluoroether bonded phase column13. The early elution of per- 
phenazine is desirable, since it is the minor component in perphena- 
zine-amitriptyline formulations. The fluoroether column was not as ef- 
ficient and did not provide as high resolution as the nitrile bonded phase 


' FGLP04700, Millipore Ltd., Mississau a, Ontario, Canada. 
5 Model 4100, Varian Aerograph, Palo A%o, Calif. 
6 Autolab System I, Spectra-Physics, Santa Clara, Calif. 
7 Micro ak CN, Varian Aerograph, Palo Alto, Calif. 
8 Canaganiaboratory Supplies, Montreal, Canada. 
9 Multi-Purpose rotator, Scientific Industries, Sprin field, Mass. 


10 Model K, International E uipment Co., Needham heights, Mass. 
Micro Mill, Chemical RubBer Co., Cleveland, Ohio. 


l2 Prepared by bonding octadecyltrichlorosilane (Aldrich) to dried LiChrosorb 


13 FE Sil-X-I, Perkin-Elmer Corp., Norwalk, Conn. 
SI-60 (Merck) under anhydrous conditions. 
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Table I-Comparison of Chromatographic Parameters for  Perphenazine and Amitriptyline Hydrochloride on Three Columns 


Column Retention Time, RT. min Capacity Factor, k' Number of Theoretical Plates, N Selectivity, a Resolution, R Compound 


A0 4.2 3.2 560 - - Perphenazine 
3.0 2.0 800 1.6 2.2 Amitriptyline 


Bb 3.5 3.7 175 - - Perphenazine 
4.9 5.5 340 1.5 1.5 Amitriptyline 


C" 1.3 1.5 490 - - Perphenazine 
4.2 8.0 820 5.3 6.0 Amitriptyline 


0 Octadecyltriclilorosilane reacted with dry 10-pm silica under anhydrous conditions. The mobile phase was 2 drops of acetic acid-30% 0.1 M ammonium acetate-70% 
Commercial fluoroether bonded phase. The column was 250 X 2.2 mm i.d., and the flow 


Commercial nitrile bonded phase. The column was 250 X 
acetonitrile. The column was 250 X 2.2 mm i.d., and the flow rate was 60 ml/hr. 
rate was 60 ml/hr. The mobile phase was the same ae for Column A, except that 50% acetonitrile was used. 
2.2 mm i.d., and the flow rate was 80 ml/hr. The mobile phase was 20% 0.005 M ammonium acetate-80% methanol. 


column7, which also allowed perphenazine to elute first; accordingly, the 
nitrile column was chosen. 


While searching for a suitable internal standard, various related phe- 
nothiazines, dibenzcycloheptadienes, and several dibenzazepines were 
chromatographed on the nitrile column (Table 11). Trifluoperazine hy- 
drochloride eluted between the two compounds of interest and was 
chosen. 


Figure 1 shows a chromatogram obtained when a representative tablet 
formulation was analyzed by the described procedure. The internal 
standard and the two compounds of interest were well resolved in less 
than 6 min. 


Linearity and Standard Curves-A plot of peak area versus the 
amount of trifluoperazine hydrochloride injected was linear below about 
3 pglinjection (0.6 mglml). A level of 0.25 mg/ml was used in the analytical 
procedure. 
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Figure I-High-performance liquid chromatogram of an extract of a 
perphenazine-amitriptyline hydrochloride tablet (4 and 25 mg, re- 
spectively). 


Standard curves for perphenazine and amitriptyline hydrochloride 
were constructed by plotting sample to internal standard peak area ratios 
uersus sample to internal standard weight ratios. 


The standard curve for perphenazine was linear with a negligible in- 
tercept to >1.25 pglinjection when examined over the range of 0.2-2.0 
pglinjection (40-400 pglml). The mean slope of the linear portion of the 
line was 1.37 with a relative standard deviation of 1.4%. Similarly, the 
standard curve for amitriptyline hydrochloride was linear with a negli- 
gible intercept to >8 pglinjection when examined over the range of 
1.0-10.0 pglinjection (0.2-2.0 mglml). The mean slope of the linear por- 
tion of the line was 0.42 with a relative standard deviation of 1.8%. 
Therefore, the standard curves are applicable to tablets containing from 
1 to 6 mg of perphenazine and from 5 to 40 mg of amitriptyline hydro- 
chloride using the described procedure. 


Duplicate injections of replicate calibration standard solutions were 
chromatographed periodically to determine the slopes of the standard 
curves. When using a single calibration standard, stored at  4' between 
uses, the relative standard deviations for the slopes of the perphenazine 
and amitriptyline hydrochloride standard curves over 4 weeks were il.1 
and f0.7%, respectively. 


Sample Preparation-Various extraction solvents and conditions 
were tried. When water, water-methanol, or water-acetonitrile was used 
as the extraction solvent, all tablets disintegrated rapidly, but a fine 
suspension did not completely settle when centrifuged for 10 min at  2000 
rpm. The use of methanol as the extraction solvent did not result in a 
suspension but also would not disintegrate coated tablets. Crushing the 
tablets before extraction allowed rapid extraction of both drugs with 
methanol. 


The time for constant extraction of perphenazine and amitriptyline 
hydrochloride from the tablet mass was determined by tumbling crushed 


Table 11-Retention Times of Various Phenothiazine, 
Dibenzcvcloheutadiene. and Dibenzazedne Drugs 


Retention 
Timea, 


min 


Phenothiazines 
Perphenazine 1.4 


Phenothiazine 0.5b 
2-(Trifluoromethy1)phenothiazine 0.5b 
10-(3-Chloropropyl)-2-(trifluoromethyl)- 0.5b 


Isopromethazine hydrochloride 2.6 
Promethazine hydrochloride 3.2 


Chlorpromazine hydrochloride 4.0 


Thioproperazine 3.0 
Prochlorperazine maleate 2.9 


Amitriptyline hydrochloride 4.0 
Nortriptyline hydrochloride 4.1 


Di benzocycloheptanone 0.5b 


Imipramine hydrochloride 5.0 
Desipramine hydrochloride 4.6 
The column was 250 X 2.2-mm i.d. Micropak-CN, the flow rate was 80 mlhr, 


and the mobile phase was 0.005 M ammonium acetate-methanol (2080). Solvent 
front (to).  


Trifluoperazine hydrochloride 2.2 


phenothiazine 


Promazine hydrochloride 5.4 


Trifluopromazine hydrochloride 3.3 
Methotrimepfazine hydrochloride 3.7 


Dibenzcycloheptadienes 


Protriptyline hydrochloride 4.3 


Trimipramine maleate 3.7 
Di benzaze pines 
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Table 111-Analysis of Synthetic Solutions 


Amitriptyline Hydrochloride Perphenazine 


Calculated, Found, Recovery, Calculated, Found, Recovery, 
Sample mdml mdml % mdml mdml % 


1.013 
0.648 
0.432 
1.048 
0.311 


1.033 
0.655 
0.430 
1.035 
0.311 


102.0 
101.0 
99.4 
98.8 


100.0 


0.0962 
0.144 
0.192 
0.195 
0.0962 


0.0966 
0.143 
0.190 
0.195 
0.0956 


100.4 
99.3 
99.0 


100.0 
99.4 


Mean recovery, % 100.2 99.6 
RSD, % 1.2 0.6 


single tablets of a representative formulation for 5,10, and 15 min in 25 
ml of the internal standard solution. In each case, the sample was cen- 
trifuged briefly after each 5-min period and a 5-pl aliquot was chroma- 
tographed. The peak area ratios were identical a t  all three times, indi- 
cating constant extraction of both compounds in less than 5 min. Ex- 
traction was approximately complete based on response factor data and 
the label claims for the formulation used; however, a dilution procedure 
was used to prove this finding. When tablet composite samples equivalent 
to the weights of one-half, one, and one and one-half tablets were analyzed 
by the described procedure, using a 15-min tumbling time, the concen- 
trations of perphenazine and amitriptyline hydrochloride were in the ratio 
1:2:3. These data showed that constant and complete extraction of the 
compounds of interest was effected in less than 15 min under the condi- 
tions described. 


Quantitation-Quantitation was by peak area. The reproducibility 
of the chromatographic system was shown by chromatographing 12 5-pl 
aliquots of a calibration standard solution containing 1.04 mg of 
amitriptyline hydrochloride/ml, 0.096 mg of perphenazine/ml, and 0.55 
mg of trifluoperazine hydrochloride/ml. The relative standard deviations 
of the peak area ratios were *0.29 and f0.74% for perphenazine and 
amitriptyline hydrochloride, respectively. 


Five solutions containing perphenazine and amitriptyline hydro- 
chloride, prepared in the same manner as the calibration standard so- 
lutions, were analyzed using the described procedure. Table 111 shows 
that the mean recoveries for the two compounds were 99.6 and 100.2%, 
respectively. 


Table IV-Analysis of Perphenazine-Amitriptyline 
Hydrochloride Tablet Formulations a bv HPLC 


~ ~~ 


Amitriptyline 
Perphenazine Hydrochloride 


Label, Found b, Label, Found, 
Formulation mg % me % 


A 
B 
C 
D 
E 
F 
G 
H 


~ ~ ~~ 


3 97.9 15 96.9 
4 96.8 25 99.5 
2 96.5 25 98.9 
2 101.5 25 103.3 
4 96.8 25 96.5 ~. 


2 99.9 25 102.0 
4 100.0 10 102.2 
2 98.9 25 100.4 


Tablet composite assay. * Percent of label claim. 


Seven replicate samples of a formulation composite, prepared from 
tablets labeled to contain 4 mg of perphenazine and 25 mg of amitripty- 
line hydrochloride, were also assayed. The relative standard deviations 
of the peak ratios were 0.34% for perphenazine and 0.54% for amitripty- 
line hydrochloride. 


Eight commercial formulations of perphenazine-amitriptyline hy- 
drochloride tablets were analyzed in duplicate. Table IV shows that the 
levels of both drugs varied between 96.5 and 103.3% of the label claim 
amount. 
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Colorimetric Assay of Quinine and Quinidine in 
Raw Materials, Formulations, and Biological Fluids 


MOHAMED S. KARAWYAX and ALY M. DIAB 


Abstract The two characteristic erythroquinine and thalleioquin tests 
for quinine and quinidine were studied to optimize the experimental 
conditions for quantitative analysis. Both methods were quantitatively 
sensitive for either quinine or quinidine in a concentration range of 0.1-10 
pg/ml with the erythroquinine method and of 3-50 pg/ml with the thal- 
leioquin method. A TLC-colorimetric method also is described for the 
assay of quinine and quinidine in the presence of cinchonine, cinchoni- 
dine, and other cinchona alkaloids. The results were compared with those 
obtained with a spectrophotometric method. 


Keyphrases Quinine-colorimetric analysis, pharmaceutical for- 
mulations and biological fluids 0 Quinidine-colorimetric analysis, 
pharmaceutical formulations and biological fluids Colorimetry- 
analyses, quinine and quinidine, pharmaceutical formulations and bio- 
logical fluids Alkaloids, cinchona-quinine and quinidine, colorimetric 
analyses, pharmaceutical formulations and biological fluids Antima- 
larials-quinine, colorimetric analysis, pharmaceutical formulations and 
biological fluids 0 Cardiac depressants-quinidine, colorimetric analysis, 
pharmaceutical formulations and biological fluids 


The separation and estimation of the major cinchona 
alkaloids, especially quinine (I) and quinidine (II), are 
complicated and difficult due to their many common 
properties; only a few methods are analytically useful. 
Several spectrometric assays for quinine and quinidine, 
either alone or in mixtures, were reported; the most im- 
portant and widely used are UV spectrophotometry (1-3) 
and fluorometry (4-6). 


Numerous colorimetric methods were adopted for es- 
timating quinine and quinidine involving potassium- 
chromic thiocyanate (7, 8), cobalt thiocyanate (9), picric 
acid (lo), reineckate salt ( l l ) ,  tropaeolin 00 (12), titanium 
trichloride (13), and bromthymol blue (14). TLC separa- 
tion followed by UV spectrophotometry (15) or colorimetry 
(16), as well as other techniques such as paper (17), tri- 
ple-column (181, and ion-exchange (19) chromatography, 
also were described. 


Although the two characteristic erythroquinine (20) and 
thalleioquin (21) tests are most selective and specific for 
the detection of quinine, their quantitative application was 
not fully studied. Allport and Friend (22) found that the 
erythroquinine test suggested by Monnet (23) was very 
difficult to apply quantitatively due to certain uncon- 
trollable factors; the bromine water was a critical factor 
and the reaction was time, temperature, and light depen- 
dent. 


The purposes of this work were to: (a) quantify the 
erythroquinine and thalleioquin color tests, ( b )  develop 
a selective colorimetric method to assay quinine and 
quinidine in the presence of other cinchona alkaloids, and 
( c )  apply these methods to bulk drug, dosage forms, and 
biological fluids. 


EXPERIMENTAL 
Materials-Pharmaceuticals-Liquid extract and tincture of cincho- 


.a1 were used. The following also were studied quinine ampuls containing 


300 mg of quinine dihydrochloride; quinine tablets containing 150 mg 
of quinine sulfate; quinidine tablets containing 200 mg of quinidine 
sulfate; compound quinine tablets containing 20 mg of quinine hydro- 
bromide, 15 mg of papaverine, 20 mg of phenobarbital, and 50 mg of 
crataegus extract; and dipyrone-quinine tablets containing 150 mg of 
dipyrone calcium salt and 100 mg of quinine. 


Biological Fluids-Blood samples were collected from five male adult 
volunteers; each volunteer swallowed a single capsule containing 0.2 g 
of quinine sulfate and 0.2 g of quinidine sulfate 3 hr before blood was 
drawn. Urine samples were collected for 6 hr after drug administra- 
tion. 


Bromate-Bromide Solution-Prepare 0.5 N potassium bromate by 
dissolving 13.92 g of potassium bromate in distilled water. Add 60 g of 
potassium bromide and mix. After the salts have dissolved, adjust the 
volume to 1 liter with distilled water. 


Potassium Ferricyanide Reagent-Prepare a 10% solution of potas- 
sium ferricyanide in distilled water. 


Standard Quinine and Quinidine Solution-Dissolve a 5-mg sample 
of either quinine sulfate reference materialZ or quinidine sulfate reference 
material3 in 10 ml of 2 N sulfuric acid. 


Standard Solution of Mixed Cinchona Alkaloids-Dissolve 5 mg each 
of quinine, quinidine, cinchonine, and cinchonidine in 10 ml of 2 N sul- 
furic acid. 


Apparatus-Glass plates (20 X 20 cm) coated with a slurry consisting 
of 30 g of silica gel G in 60 ml of distilled water to give a layer 0.25 mm 
thick were dried at  100' for 1 hr. A UV-visible calorimeter* was used. 


Erythroquinine Reaction-Dilute 1 ml of either quinine or quinidine 
standard solutions to 10 ml with distilled water. Pipet 0.02,0.1,0.2,1.0, 
1.5,2.0, and 2.5 ml of the dilute solutions in separate test tubes, dilute 
to -3 ml with distilled water, and add 2 drops of hydrochloric acid. Add, 
dropwise, the bromate-bromide solution, shaking after each addition 
until a faint-yellow color appears; then shake for 20 sec, and add 10 drops 
of the potassium ferricyanide solution. 


Make the solution just alkaline with dilute ammonium hydroxide. 
Extract the erythroquinine formed with chloroform (5 X 3 ml), trans- 
ferring the chloroform extracts to a 10-ml volumetric flask, and dilute 
to volume with chloroform. Pipet 1 ml of chloroform solution, and mea- 
sure the absorbance at  510 nm against a reagent blank. 


A calibration curve of 0.1-10 pg of quinine or quinidine/ml uersus color 
intensity obeyed Beer's law with a standard deviation of f0.38%. 


ThalleioquinReaction-Pipet 0.04,0.06,0.1,0.2,0.4,0.8,1, and 1.1 
ml of either quinine or quinidine standard solution into separate 10-ml 
volumetric flasks, dilute to -2 ml with distilled water, and add 2 drops 
of hydrochloric acid. Add, dropwise, the bromate-bromide solution (-10 
drops), shaking after each addition until a faint-yelfow color appears. 
Continue shaking for 20 sec, add 10 drops of ammonium hydroxide (25%), 
and shake again for 15 see. Dilute to volume with absolute methanol, and 
directly measure the absorbance a t  450 nm against a reagent blank. 


A calibration curve of 3-50 pg of quinine or quinidine/ml versus color 
intensity obeyed Beer's law with a standard deviation of f1.2%. 


TLC-Colorimetric Estimation of Quinine and Quinidine-To 
avoid interferences caused by cinchonine, cinchonidine, and other minor 
cinchona alkaloids, a TLC method for separating quinine and quinidine 
prior to their estimation is performed as follows. Submit 0.1 and 0.15 ml 
of the standard solution of mixed alkaloids and 0.01,0.05,0.1,0.15, and 
0.2 ml of each standard quinine and quinidine solution to chromatogra- 
phy on silica gel G plates, using benzene-ethyl acetate-diethylamine 
(2:21) as the solvent system (development -2 hr). Locate the quinine 
and quinidine spots on the dried plate with UV light, and remove the 
respective spots quantitatively to separate test tubes. Add 5 ml of 0.1 N 
hydrochloric acid, heat for 10 min at  60" on a water bath, shake thor- 
oughly for 5 min while hot, and then cool. Centrifuge or filter the contents 
of test tubes, and apply the proposed erythroquinine or thalleioquin 


* N. V. Amsterdamache Chininefabriek, Amsterdam, The Netherlands. 
WPP, Wallace Pharmaceutical Products, Ltd., London, England. 
Spekol, Carl Zeiss, Jena, East Germany. Porter & Clark Ltd., London, England. 
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Table I-Assay of Quinine (I) and Quinidine (11) in Cinchona Preparations by the  Prouosed Methods 


Preparation 


Amount Found", mg/ml Amount 
Declared, Thalleioquin Erythroquinine Amount 


mg/ml Method Method Added, mg 
I I1 I I1 I I1 I I1 


Amount Founda, mg/ml 
Thalleioquin Erythroquinine 


Method Method 
I I1 I I1 


Recovery, % 


Erythro- 
Thalleioquin quinine 


Method Method 


Liquid extract 40 2.0 46 1.95 45 1.92 40 2 85.8 3.92 84.8 3.9 99.5 99.2 
of cinchona 


Tincture 0.95 0.2 0.97 0.21 0.95 0.19 1 0.2 1.93 0.41 1.93 0.39 99.5 99 


Results are averages of five experiments. 


Table 11-Assay of I and I1 in Formulations by Proposed and AOAC Methods 
~ ~~ 


Amount Founda, mg Amount Found", mg Recovery, % 


Thalleio- Erythro- Amount Thalleio- Erythro- Thalleio- Erythro- 
Pre aration, quin quinine AOAC Added, quin quinine AOAC quin quinine AOAC 


Label for  I1 Claim Method Method Method mg Method Method Method Method Method Method 


Quinine tablets, 150 mg 152 150.5 155 50 202 200 204.8 100 99 99.6 
Quinjdine tablets, 200 mg 20 1 200 202 50 250 249 253 98 98 102 
Quinine ampul, 300 mg 299 298 302 50 348 347 352 98 98 100 
Compound quinine tablets, 20 19.5 19.2 21 10 29.4 29 31 99 98 101 


mg 
Di yrone-quinine tablets, 52 mg 51.9 51.2 - 50 101.6 100.4 - 99.4 98.4 - 
S B  f0.38 f 1 . 2  50.85 


" Results are averages of five experiments. 


method to the filtrates against a reagent blank. Construct calibration 
curves for both quinine and quinidine. 


Estimation of Quinine and Quinidine in  Raw Materials-Cin- 
chona Extract-The application of the proposed procedures to cinchona 
extract or tincture involves the extraction of alkaloids prior to  the 
TLC-colorimetric estimation. 


Extraction-Transfer 1.0 ml of liquid extract of cinchona into a 50-ml 
volumetric flask, add 6 ml of 10% formic acid, heat on a water bath for 
30 min, and cool. Add 40 ml of tetrahydrofuran, shake the mixture vig- 
orously for 10 min, filter, and dilute to 50 ml with tetrahydrofuran. 


Carry out the TLC-colorimetric estimation of quinine and quinidine 
using 0.1 and 0.2 ml of tetrahydrofuran extract. Calculate the amount 
of quinine and quinidine from their respective calibration curves. 


Estimation of Quinine and Quinidine in Formulations-Quinine 
Ampuls-Dilute 0.1 ml of injectable solution with distilled water to 5 ml, 
make alkaline with ammonium hydroxide, and extract with chloroform 
(3 X 10 ml). Evaporate the chloroform extracts to  dryness on a water bath, 
dissolve the residue in 100 ml of 1% HzS04, transfer to a 1-liter volumetric 
flask, and adjust to volume with distilled water. Perform any of the 
proposed colorimetric assay methods on I ml of this solution. 


Simple and Compound Quinine Tablets-Weigh accurately a quantity 
of finely powdered tablets equivalent to 5 mg of quinine, and extract 
exhaustively with 1% H2S04 (3 X 10 ml). Filter the acid extract, make 
alkaline with ammonia, and extract with chloroform (3 X 10 ml). Evap- 
orate the chloroform extract to dryness on a water bath, and dissolve in 
100 ml of 1% HzS04 in a volumetric flask. Perform any of the proposed 
procedures on 1 ml of this solution. 


Dipyrone-Quinine Tablets-Weigh accurately a quantity of the finely 
powdered tablets (10 mg of dipyrone-quinine salt), extract with 1% 
HPSOQ (3 X 10 ml), filter the acid extract, make distinctly alkaline to  


litmus with sodium hydroxide solution, and extract with chloroform (3 
X 10 ml). Evaporate the chloroform on a water bath, and dissolve the 
residue in 100 ml of 1% HzS04 in a volumetric flask. Carry out the 
erythroquinine or thalleioquin assay procedures on 1 ml. 


Estimation of Quinine and Quinidine in Biological Fluids- 
Blood-Mix 5 ml of blood with an equal volume of hydrochloric acid, and 
heat on a boiling water bath for 1 hr. Cool, dilute with 5 ml of distilled 
water, and filter. Wash the residue with distilled water (3 X 5 ml). Com- 
bine the filtrate and washings, make the solution alkaline with ammo- 
nium hydroxide, and extract with chloroform (2 X 30 ml). Dry the com- 
bined chloroform extracts with anhydrous sodium sulfate, filter, and 
dilute to 100 ml with chloroform. Evaporate an aliquot of the chloroform 
extract to dryness, dissolve in the least amount of 2 N sulfuric acid, and 
estimate quinine and quinidine by the TLC-colorimetric method using 
the erythroquinine reaction. 


Urine-Prepare the 6-hr sample exactly as described for blood, 
omitting the dilution with water. Estimate quinine and quinidine by the 
TLCxolorimetric method using either the erythroquinine or thalleioquin 
method. 


RESULTS AND DISCUSSION 


The modifications proposed for the thalleioquin and erythroquinine 
reactions proved to be simple and specific in comparison with the AOAC 
(1970) method (24). The latter method depends upon measuring the UV 
absorption of the 0.1 N hydrochloric acid extract of the alkaloid at 347.5 
nm and is liable to interferences caused by any substance absorbing at  
347.5 nm, e.g., aloin, podophyllin, anthraquinones and their derivatives, 
other cinchona alkaloids, and yellow dyes (24). The color reactions, 
however, seem very selective. During this work, these reactions could be 


Table 111-Assay of I and I1 in Blood and Urine Sample by the Proposed Methods 


Volun- 
Sample teer 


Blood 1 
2 
3 
4 
6 


Urine 1 
2 
3 


Amount Found, mg 


Thalleioquin Erythroquinine 
Method Method 


I I1 I I1 


0.04 0.04 
0.04 0.04 
0.044 0.44 
0.04 0.04 
0.38 0.035 


Recovery, % Amount Found, mg 


Amount Thalleioquin Erfl$sz$ine Thalleio- 
Added, mg Method quin quinine 
I I1 I I1 I I1 Method Method 


- 0.14 0.140 - 100 


- 0.194 0.194 - 100 


0.1 0.1 - 
0.2 0.1 - - 0.239 0.138 - 98.78 
0.15 0.15 - 
0.1 0.2 - - 0.138 0.238 - 98.5 . ~ .  ~~~ 


0.1 0.1 - - 0 . i ~  0.138 - 100 
5 5 14.9 15.05 14.7 14.6 99.5 98 
7.5 7.5 17.7 17.75 17.1 17.1 99.6 98.5 
1 1 10.26 10.22 10.0 9.97 99.0 98.5 
2.5 2.5 12.23 12.23 11.3 11.5 99.2 99 
5 5 13.72 13.73 15 15 99.5 98.9 


4 
5 8.8 9 8.5 8.5 
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safely carried out in the presence of crataegus extract and other alkaloids 
such as papaverine, strychnine, morphine, and atropine. 


Although the proposed reactions are specific for quinine and quinidine, 
a TLC procedure is necessary for cinchona preparations to separate 
quinine and quinidine and to eliminate other interfering constituents. 
The four main cinchona alkaloids showed good separation; the Rf values 
of quinine, quinidine, cinchonine, and cinchonidine were 0.18,0.44,0.55, 
and 0.41, respectively. 


Ammonium hydroxide was not capable of releasing quinine base from 
the dipyrone-quinine salt, while sodium hydroxide solution was satis- 
factory. 


The proposed methods also were applied successfully to the recovery 
of quinine and quinidine from blood and urine with reproducible results. 
With blood, because of the small concentration of the alkaloids present, 
only the more sensitive erythroquinine method was adopted. 


Good recoveries at different concentrations and spiking and reasonable 
standard deviations were obtained with dosage forms and biological fluids 
by the erythroquinine and thalleioquin methods (Tables 1-111). 


To obtain protein-free aqueous filtrates from blood and urine, the 
samples were digested with hydrochloric acid to liberate strongly con- 
jugated alkaloids. Hydrochloric acid digestion was preferable to other 
procedures. 
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High-pressure Liquid Chromatographic Determination of 
Tetracyclines in Urine 


J. P. SHARMA *, G. D. KORITZ *, E. G. PERKINS $, and 
R. F. BEVILL*X 


Abstract 0 The quantitation of oxytetracycline, tetracycline, and 
chlortetracycline was accomplished by high-pressure liquid chroma- 
tography using an anion-exchange column. The tetracyclines were ex- 
tracted from urine as their calcium complexes. Concentrations as low as 
12 jtg of oxytetracycline/ml and 4 jtg of tetracycline and chlortetracy- 
cline/ml were quantitated accurately. The relative standard deviation 
of the method varied from 0 to 5%. 


Keyphrases Oxytetracycline-high-pressure liquid chromatographic 
analysis, urine Tetracycline-high-pressure liquid chromatographic 
analysis, urine Chlortetracycline-high-pressure liquid chromato- 
graphic analysis, urine High-pressure liquid chromatography-anal- 
yses, oxytetracycline, tetracycline, and chlortetracycline in urine An- 
tibacterials-oxytetracycline, tetracycline, and chlortetracycline, high- 
pressure liquid chromatographic analyses, urine 


To establish the urinary excretion rate of tetracyclines 
in the urine of cattle, sheep, and swine following intrave- 
nous drug administration, an accurate method for the 
quantitation of oxytetracycline, tetracycline, and chlor- 
tetracycline was required. TLC (1-5) and paper chroma- 


tographic (6-9) methods were laborious and lacked suffi- 
cient sensitivity and accuracy. One GLC method (10) re- 
quired the formation of trimethylsilyl derivatives and 
sometimes resulted in the formation of tetracycline deg- 
radation products. None of the previously reported fluo- 
rometric methods (11-14) could be used due to large and 
variable amounts of fluorescent material in urine obtained 
from untreated control animals. 


Several high-pressure liquid chromatographic (HPLC) 
methods for the separation and determination of tetra- 
cyclines have been reported. A low efficiency column 
packing was used for the separation of tetracyclines, but 
the method lacked the sensitivity required for analysis of 
biological samples (15). The experimental conditions re- 
quired for the qualitative separation of several tetracy- 
clines were discussed (16), but the quantitative utility of 
this method was not reported. Several reports (17,18) did 
not include oxytetracycline. The purpose of this study was 


Vol. 66, No. 9, September 1977 / 1319 








sumed by approximation to be constant (cf., Eq. 5). The consequent 
proportionality between dQ/dt and dlldt should enable derivation of Eq. 
4 in complete analogy with Eq. 1. That the condition for proportionality 
is generally satisfied also for values of A as little as 3C, can be verified 
by expressing this condition through the ratio of the first to the second 
term in the expression of the release rate (Eq. A3): 


(Eq. A4) 


and further substituting into this relationship the following expressions 
of C,, dC,, 1, and dl: 


C, = R dQ/dt (Eq. A5) 


(Eq. A6) 
(Eq. -47) 
(Es. A81 


dC, = (R  d2Q/dt2) dt 


1 = Q/(n - 1/2)Cs 
dl = [l/(n - 1/2)Cs] dQ 


where n = A/C,. Equation 1, where (n - 1/2)Cs is used in place of A, can 
be employed to obtain approximate expressions of Q, dQ, and d2Q/ 
dt2. 


Following calculation, the condition for proportionality between the 
release rate and the rate of increase of the thickness of the depletion zone 
can be written as, follows: 


>> 1 (Eq. -49) 
2x2(n - 1/2) - 3c 


2 - 1  


where r = v‘l t [2/(n - 1/2)D,R2]t. 


n = 3, while it increases with increasing n. 
It can be readily verified that the minimum value of the ratio is 18 for 
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Metabolism of 
N-Ethyl-3-piperidyl Benzilate in Rats 


CHING-HSIU CHEN *, MAHMOUD M. ABDEL-MONEM *x, and 
THOMAS P. KRICK* 


Abstract The metabolic fate of N-ethyl-3-piperidyl benzilate (I) and 
its potential metabolites 3-piperidyl benzilate (II), N-ethyl-3-hydroxy- 
piperidine (III), and 3-hydroxypiperidine (IV) was studied. Incubation 
of I with rat liver homogenates resulted in the formation of I1 and 111. 
Only a trace of unchanged drug appeared in urine after intraperitoneal 
injection of I. Approximately 9% of the injected dose of I was excreted 
in urine as I11 and 2% in the form of metabolites that produced 111 after 
acid hydrolysis. After intraperitoneal injection of I1 in rats, 18% of the 
dose was excreted in urine as IV. Approximately 26% of the injected dose 
of I11 was present in urine as the unchanged drug, and 63% of the dose 
was excreted in the urine in the form of conjugates that produced 111 on 
acid hydrolysis. Urine of rats injected with IV contained approximately 


During studies to develop potent and selectively acting 
atropine substituents for the treatment of GI disturbances, 
numerous compounds were synthesized that were superior 
to atropine with respect to antichslinergic potency, an- 
tisecretory effects, and reduced incidence of side effects 
(1). Most of these compounds are glycolate esters of het- 
erocyclic imino alcohols. In experimental animals, these 


50% of the injected dose as the unchanged drug and 50% of the dose in 
the form of a conjugate that produced IV on acid hydrolysis. The identity 
of the metabolites in extracts from urine was established by GLC-mass 
spectrometry. It is concluded that hydrolysis was one metabolic pathway 
for I and 11. The major routes of elimination of these compounds are not 
yet known and may include excretion in feces or metabolic transforma- 
tions resulting in the degradation of the piperidine ring. 


Keyphrases 0 N-Ethyl-3-piperidyl benzilate-metabolism in rats 
Metabolism-N-ethyl-3-piperidyl benzilate in rats Benzilates-N- 
ethyl-3-piperidyl ester, metabolism in rats 


drugs produced potent central nervous system (CNS) 
stimulation, as indicated by hyperactivity and other be- 
havioral disturbance tests (2). In humans, they were potent 
and long-lasting hallucinogenic and psychotomimetic 
agents (3). 


Some human subjects manifested a marked change in 
their basic mood and drive 1 or 2 days following a single 
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dose of these drugs (4). Clinical trials of one compound1 
in psychiatric patients revealed that it was a safe and ef- 
fective antidepressant agent (5). The delayed onset of the 
mood enhancement effects of the glycolate esters in hu- 
mans might be attributed to the formation of active me- 
tabolites. Therefore, the metabolic fate of these com- 
pounds in rats was studied as a prelude to metabolic 
studies in humans. 


The metabolic fate of glycolate esters has received little 
attention, and the few reported studies provide somewhat 
contradictory results. The metabolism of 3H-N-ethyl-3- 
piperidyl benzilate (I) was studied in rats; 75% of the in- 
jected dose was present in urine as the unchanged drug at 
2 hr after intraperitoneal injection, and 96% was excreted 
after 12 hr (6). However, the unchanged drug was not de- 
tected in urine of rats during 48 hr after intraperitoneal 
injection of I and the only metabolites detected were 
benzilic acid, N-ethyl-3-hydroxypiperidine (III), and a 
small amount of conjugate(s) that produced I11 after acid 
hydrolysis (7). Another study (8) found that I produced 
acetaldehyde when incubated in uitro with microsomes 
from rat liver. The present paper reports the identification 
of the metabolites produced from the incubation of I with 
rat liver homogenate in  uitro and the urinary metabolites 
of I after intraperitoneal injection in rats. 


RESULTS AND DISCUSSION 


Synthesis and Identification of Potential Metabolites-The hy- 
drochloride of I was synthesized from 111 and methyl benzilate as de- 
scribed by Biel et al. (1). %Piperidyl benzilate (11) hydrochloride was 
obtained by catalytic hydrogenolysis of N-benzyl-3-piperidyl benzilate. 
The latter was obtained by reacting N-benzyl-3-chloropiperidine with 
benzilic acid. The hydrochlorides of I11 and 3-hydroxypiperidine (IV) 
were obtained from commercially available I11 and IV. 
lo Vitro Studies-Compound I hydrochloride was incubated with 


rat liver homogenate. The metabolites were extracted from the incubation 
mixture and examined by two-dimensional TLC on silica gel plates. Spots 
with chromatographic mobilities similar to authentic samples of 1-111 
were observed on the TLC plates. No spot corresponding in position to 
IV was observed. 


To confirm the identity of the metabolites produced, areas of the TLC 
plates corresponding to the positions of 1-111 were scraped and the ad- 
sorbent was extracted with methanol. The methanol extracts were 
evaporated to dryness, and the residues were submitted for mass spectral 
analysis. The mass spectrum of an authentic sample of I and that of the 
substance recovered from the incubation mixture were virtually identical, 
confirming the identity of the latter. The mass spectrum for I showed the 
molecular ion at mle 339. The base peak appeared at  m/e 111 and was 
tentatively assigned to the C7H13N+ fragment. A plausible fragmentation 
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pathway accounting for the major fragments in the mass spectrum of I 
is shown in Scheme I. 


The mass spectrum of authentic I1 was not identical to that of the 
metabolite believed to be 11. Evidently, the fragmentation pattern of I1 
by electron impact was dependent on the concentration of the compound 
and/or the temperature in the ionization chamber, since recording con- 
secutive spectra after the introduction of the sample in the ionization 
chamber of the mass spectrometer resulted in vastly different spectra. 
To confirm the identity of the metabolite, the IR spectrum of the residue 
eluted from the TLC plate was recorded and was identical to that of an 
authentic sample of 11. 


The crude extract from the incubation mixture was examined by 
GLC-mass spectrometry to detect the presence of I11 and IV. The chro- 
matographic separation was performed on a 12% Carbowax 20M column, 
and the mass spectrum for the peaks eluted with the same retention time 
as I11 and IV were recorded. No peak with the same retention time and 
mass spectrum as IV was detected in the crude extract of the incubation 
mixture. A peak with the same retention time as I11 was present in this 
extract, and the mass spectrum of this peak was virtually identical to that 
obtained for an authentic sample of 111. The mass spectrum of 111 showed 
the molecular ion at m/e 129 and the base peak at m/e 114 and was similar 
to the spectrum previously reported for this compound (9). 


The possibility that 111 was produced by the nonenzymatic hydrolysis 
of I also was explored. Incubation of I under the same conditions as for 
the enzymatic studies, except for the absence of liver homogenate, re- 
sulted in the formation of only a trace of 111, if at all. This result indicated 
that the hydrolysis of I to 111 in the previous studies was indeed enzyme 
catalyzed, undoubtedly by esterases present in liver homogenates. It was 
of interest to determine the site of these esterases in the different fractions 
of liver homogenates and whether these esterases were present in rat 
blood. 


Compound I was incubated with the microsomal and the supernatant 
fractions of the rat liver homogenate and with rat blood. The incubation 
conditions and the workup of the incubation mixture were the same as 
described for the experiments using liver homogenates. Incubation of 
I with the microsomal fraction of the rat liver homogenates resulted in 
a metabolite profile qualitatively and quantitatively (as determined by 
comparison of the relative intensities of the spots on the TLC plate) 
similar to that obtained with the rat liver homogenates. On the other 
hand, incubation of I with the 105,OOOXg supernate of rat liver homog- 
enates resulted only in the formation of traces of 111. The formation of 
I11 by incubation with the 105,OOOXg supernate may be attributed to the 
presence of residual microsomes or the presence of esterase enzymes in 
this fraction. Incubation of I with rat blood resulted in the formation of 
traces of 111. These results indicated that the enzymes responsible for the 
metabolism of I in uitro were mainly localized in the microsomal fraction 
of the liver homogenates. The blood showed only a very low esterase ac- 
tivity for this compound. 


The absence of IV in the products of the metabolism of I was not ex- 
pected, since the incubation conditions resulted in the accumulation of 
I1 and 111 in the incubation mixture. The latter two metabolites would 
be expected to be substrates for the liver enzymes and would be further 
metabolized to IV. Therefore, I1 and I11 were investigated as substrates 







for the rat liver homogenate enzymes. Compounds I1 and 111 were incu- 
bated with the rat liver homogenates using the same incubation condi- 
tions and workup procedures described for I. These studies indicated that 
I1 was not hydrolyzed to IV by the microsomal esterases. Likewise, 111 
was not N-deethylated to IV. 


Urinary Metabolites of I in  Rats-The urinary excretion of I and 
its potential metabolites after intraperitoneal injection in rats also was 
studied. Several methods for the isolation of the metabolites from urine 
were investigated, including extraction of urine with solvents, adsorption 
of the metabolites on activated charcoal (lo), use of cation-exchange 
resins to retain the basic metabolites, and partition column chromatog- 
raphy as described by Egli (7). The use of activated charcoal for the ad- 
sorption of the metabolites from urine was most satisfactory. The re- 
covery of metabolites from urine was high, and there was minimum in- 
terference from other urinary constituents. 


Extracts from urine of rats injected with I hydrochloride were examined 
by GLC-mass spectrometry using a 3% OV-1 column and monitoring mle 
339 and 129. A peak of m/e 339, a t  a column temperature of 220°, with 
the same retention time as I was observed in the urine extracts, indicating 
the urinary excretion of unchanged drug. The identity of this substance 
was further established by recording the spectrum of this peak between 
m/e 400 and 10. This spectrum was virtually identical to that obtained 
for an authentic sample of I treated in the same way as the metabolite 
sample. The amount of unchanged drug in urine was very small, and 
quantitation was not practical. This finding indicated that only a trace 
amount of the unchanged drug was excreted in urine after intraperitoneal 
injection in rats. 


The extracts from urine also showed a peak with mle 129, a t  a column 
temperature of 120', with a retention time equal to that of an authentic 
sample of 111. The identity of this substance was further established by 
recording its mass spectrum between m/e 200 and 10. The mass spectrum 
obtained was virtually identical to that of an authentic sample of this 
compound. Compound 111 was present in a considerably larger amount 
than the unchanged drug. 


The chromatographic separation of IV using the described conditions 
was not satisfactory. However, the separation of the silyl derivatives of 
111 and IV was acceptable. Extracts from urine were silylated with N,O- 
bis(trimethylsily1)acetamide to form the monosilyl derivative of I11 (mol. 
wt. 201) and the disilyl derivative of IV (mol. wt. 245). The silylated ex- 
tract was examined by GLC-mass spectrometry using a 3% OV-1 column 
at 65' and monitoring mle 201 (monosilyl derivative of 111) and at  80' 
and monitoring rnle 245 (disilyl derivative of IV). 


A peak of m/e 201 was observed, confirming the presence of 111 in urine. 
The quantitation of 111 in urine was achieved by comparing the absolute 
intensity of rnle 201 at the peak maximum with the intensities obtained 
by adding different known concentrations of the standard compound to 
rat urine and subjecting these samples to exactly the same processes as 
the experimental samples. Estimation of 111 in urine indicated that ap- 
proximately 9% of the injected dose was excreted as this metabolite. No 
peak of mle 245 (the disilylated derivative of IV) was detected in 
urine. 


Since it was not possible to develop a GLC procedure for the detection 
and quantitation of I1 in urine, it  was imperative to use an indirect 
method for its determination. This method involved the acid hydrolysis 
of urine and measurement of the increase in the amount of IV. Conjugated 
metabolites that may be excreted in urine after the intraperitoneal in- 
jection of I would produce 111 and IV on acid hydrolysis. Urine was 
subjected to acid hydrolysis and extracted in the same way as previously 
described. The GLC-mass spectrometric examination of these extracts 
directly and after silylation indicated the presence of only 111. The 
amount of 111 in urine after acid hydrolysis was 11% of the injected dose, 
indicating that 2% of the injected dose was excreted in urine in the form 
of a conjugate of I or 111 andlor unchanged I. The absence of IV in the 
hydrolyzed urine indicated that neither I1 nor conjugates of I1 and IV 
were excreted in urine. 


These findings are in agreement with those of Egli (71, who reported 
that approximately 9% of injected I was recovered in the 48-hr urine of 
rats as 111 and that 2% was recovered as conjugates that produced 111 on 
acid hydrolysis. Egli (7) was not able to detect the presence of the un- 
changed drug in urine. 


However, these findings are in contradiction with the findings of Abood 
and Rinaldi (6), who reported that 96% of the injected dose of I was ex- 
creted unchanged in rat urine within 48 hr after intraperitoneal injection 
in rats. These investigators used tritium-labeled I with no provision to 
establish the position of the label in the molecule. The radioactivity they 
measured in rat urine may have been due to some metabolite not detected 
with the present analytical methods. 


The absence of I1 and its hydrolysis product IV from urine was unex- 
pected since I1 was a major metabolite of I in uitro. Also, it was disturbing 
that about 90% of the injected dose was not accounted for. Consequently, 
the metabolism of the potential metabolites, 11-IV, was studied to de- 
termine whether they are terminal metabolites or may be further me- 
tabolized to other products. 


Extracts from urine of rats injected with I1 hydrochloride contained 
the disilyl derivative of IV in an amount approximately 18% of the in- 
jected dose. The amount of I,V in urine after hydrolysis was approximately 
the same as before hydrolysis, indicating that no unchanged I1 or a con- 
jugate that produced IV on acid hydrolysis was present. 


These findings indicated that hydrolysis was one metabolic pathway 
for 11. However, the major route of elimination of this compound as well 
as I is not as yet known. The presence of IV in urine of rats injected with 
I1 and its absence in the urine of rats injected with I indicated that I1 is 
probably not a major metabolite of I. 


Approximately 26% of the injected dose of I11 hydrochloride was 
present in urine as the unchanged drug. The amount of I11 in urine after 
acid hydrolysis was 89% of the injected dose, indicating that 63% of the 
injected dose was excreted in urine in the form of conjugates that pro- 
duced I11 on acid hydrolysis. The extracts from urine did not contain the 
potential metabolite IV. 


Extracts from urine of rats injected with IV hydrochloride contained 
approximately 50% of the injected dose as the unchanged drug. The 
amount of IV in urine after acid hydrolysis was approximately 100% of 
the injected dose, indicating that 50% of the injected dose was excreted 
in urine in the form of conjugates that produced IV on acid hydrolysis. 


EXPERIMENTAL2 


Compound I Hydrochloride-The title compound was obtained in 
72% yield from 111 and methyl benzilate as described by Biel et at. (1). 
Recrystallization from absolute ethanol gave pure I hydrochloride, mp 
190-192' [lit. (1) mp 191-192O1. 


Anal.-Calc. for CzlHz5ClN03: C, 67.11; H, 6.92; C1, 9.45; N, 3.72. 
Found: C, 66.89; H, 7.16; C1,9.84; N, 3.54. 


Compound I1 Hydrochloride-N-Benzyl-3-chloropiperidine (6.7 
g, 30 mmoles) was dissolved in dry isopropyl alcohol (30 ml). To this so- 
lution was added benzilic acid (10.29 g, 45 mmoles) in dry isopropyl al- 
cohol (90 ml), and the mixture was heated under reflux for 24 hr. Iso- 
propyl alcohol was then removed by evaporation under reduced pressure. 
The precipitate was partitioned between 5% potassium carbonate 
aqueous solution and ether (60 ml). The ether layer was evaporated to 
dryness, and the residue was dissolved in a minimum volume of isopropyl 
alcohol; hydrogen chloride-saturated ether was added to precipitate the 
hydrochloride salt. 


The resulting N -  benzyl-3-piperidyl benzilate hydrochloride was fil- 
tered and recrystallized from absolute ethanol. It weighed 5.3 g (40.4% 
yield), mp 204.5' dec. N-Benzyl-3-piperidyl benzilate (4.6 mmoles) was 
dissolved in methanol (60 ml) containing acetic acid (0.4 ml), and 5% 
palladium-on-charcoal (900 mg) was added. The mixture was shaken 
under 46.5 psi of hydrogen for 90 min and filtered. The filtrate was con- 
centrated to about one-third of its volume under reduced pressure. Hy- 
drogen chloride-saturated ether (40 ml) was added and evaporated to 
dryness. 


The residue was dissolved in methanol, and sufficient ether was added 
to effect complete precipitation. The precipitate was filtered, washed with 
ether, and dried in uacuo to provide 1.435 g (90% yield). Recrystallization 
from absolute ethanol gave 1.435 g of I1 hydrochloride (71% yield), mp 
179.5-182'; NMR (CDC13): 6 7.25 (m, lOH), 4.8 (m, lH), 3.4 (m, 2H), 2.5 
(m, 4H), and 1.5 (m, 4H); mass spectrum: mle (relative intensity), 312 
(0.2), 212 (0.3), 183 (42.4), 105 (68.1),84 (20.8), 83 (loo), and 76 (1.7). 


Compound I11 Hydrochloride-The hydrochloride was prepared 
by dissolving 1113 in methanol and adding hydrogen chloride-saturated 
ether. The precipitate was collected and recrystallized from isopropyl 
alcohol-ether, mp 159-162'; NMR (free base in CDC13): 6 3.0 (s, IH), 3.6 
(m, lH), 1.1 (t, 3 H , J  = 7 Hz), 2.35 (q,2H,J  = 7 Hz), 2.35 (m, 4H),and 


Melting points were determined in open capillary tubes and are uncorrected. 
IR spectra were obtained with a Perkin-Elmer 237B spectrophotometer in potas- 
sium bromide disks. NMR spectra were obtained in deuterochloroform with a 
Varian A-60D spectrometer, using tetramethylsilane as the internal standard. 
Microanalyses were performed by M-H-W Laboratories, Garden City, Mich. Mass 
spectra were obtained with an AEI MS-30 mass spectrometer. GLC analyses were 
carried out on a Perkin-Elmer 900 instrument equipped with a flame-ionization 
detector. GLC-mass spectral analyses were performed on an LKB goo0 instrument 
equipped with a PDP 8E data processing system. 


Aldrich Chemical Co., Milwaukee, Cvis. 
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1.68 (m, 4H); mass spectrum: m/e (relative intensity) 129 (17.39), 114 
(loo), 199 (6.77), 84 (9.16), 72 (32.71), 58 (14.91), 57 (40.37), 44 (21.74), 
43 (20.91), 42 (58.18), and 41 (18.63). 


Compound IV Hydrochloride-Compound IV3 was dissolved in 
methanol and treated with hydrogen chloride-saturated ether until 
complete precipitation of the hydrochloride salt was observed. The 
precipitate was recrystallized from isopropyl alcohol-ether, mp 193-196"; 
NMR (free base in CDC13): 6 3.7 (m, H), 3.45 (s, H), 2.96 (m, H), 2.75 (m, 
4H), and 1.65 (m, 4H); mass spectrum: mle (relative intensity) 101 
(42.61), 83 (2.20), 57 (65.25), 56 (35.85), 55 (12.74), 44 (loo), 43 (32.23), 
42 (24.06), and 41 (16.35). 
In Vitro Studies-Tissue Preparations-Livers from male 


Sprague-Dawley rats, 150-200 g, were used as the source of liver ho- 
mogenates and microsomal preparations. Blood from the same rats was 
used for measurement of blood esterase activity. The animals were al- 
lowed food and water ad libitum. They were stunned by a blow on the 
head and decapitated, and the blood was collected in heparinized bea- 
kers. 


The livers were removed rapidly and placed in ice-cold 1.15% KC1 so- 
lution. All further preparations were conducted at 0-4". The livers were 
mixed with three times their weight of 1.15% KC1 and homogenized4, and 
the homogenate was centrifuged in a refrigerated centrifuge5 at 10,000Xg 
for 30 min. The supernate was withdrawn, and half of it was used in 
studies with liver homogenates. The other half was centrifuged6 at 
105,OOOXg for 60 min. The high-speed supernatant layer was used as the 
"supernatant fraction of liver homogenate," and the precipitate, the 
microsomal pellet, was resuspended in 1.15% KCl solution. 


Incubation Conditions-All solutions for enzyme preparation and 
incubation mixtures were prepared in water double distilled from glass. 
The incubation mixture contained 10 ml of 10 mM substrate (I, 11, or III), 
10 ml of enzyme preparation (liver homogenate, microsomal fraction, 
supernate of liver homogenate, or blood), 5 ml of cofactors solution (2.25 
pmoles of NADP and 25 pmoles of glucose 6-phosphate in 1.15% KCl), 
20 ml of buffer (prepared from 10 pmoles of nicotinamide, 5 pmoles of 
magnesium chloride, 1.63 g of dibasic sodium phosphateA00 ml, and 0.53 
g of monobasic potassium phosphate/100 ml and adjusted to pH 7.4 with 
sodium hydroxide), and 5 ml of 1.15% KC1 solution. The total volume was 
50 ml. 


Incubations were conducted at  37" in an open atmosphere for 2 hr in 
250-ml conical flasks placed in a water bath shaker7. The reactions were 
terminated by the addition of 10 ml of 0.6 N perchloric acid. The incu- 
bation mixtures used in the zero-time studies were identical to the de- 
scribed mixtures without the enzyme preparation. Addition of the enzyme 
preparation was carried out in the last step, after the addition of per- 
chloric acid. The mixtures were centrifuged, and the supernate was used 
for the identification of metabolites. 


Identification of Metabolites-The supernate was extracted with an 
equal volume of benzene to remove lipids. The aqueous phase was ad- 
justed to pH >10 with dilute ammonium hydroxide and extracted first 
with methylene chloride (75 ml) and then with 75 ml of chloroform-iso- 
propyl alcohol (3:l). The extracts were combined and evaporated to 
dryness in a nitrogen stream, and the residues were dissolved in 0.1-ml 
portions of methylene chloride. 


The residues obtained from each incubation were applied onto 10 silica 
gel GF TLC platess (20 X 20 cm, 250 pm). The plates were developed in 
acetonitrile-chloroform-methanol-ammonium hydroxide (50:40:29:1) 
in one dimension and then in ethyl acetate-methanol-ammonium hy- 
droxide (100:100.1) in a second dimension. The dry plates were examined 
under a UV lamp for the detection of I and 11, and one plate was sprayed 
with 0.5% KMn04 to locate the metabolites. Areas of the plates corre- 
sponding to the positions of the authentic samples were scraped off the 
remaining nine plates. 


The adsorbent fractions obtained from the same area on different 
plates were combined and extracted with methanol. The methanol ex- 
tracts were dried in a nitrogen stream, and the residues were submitted 
for mass spectral analysis. The residue obtained from the area on the TLC 
plates corresponding in position to that of an authentic sample of I1 was 
dissolved in 0.1 ml of chloroform and mixed with 200 mg of potassium 
bromide (IR grade). The dried mixture was used for the preparation of 
a pellet for IR spectroscopy. 


The residues obtained by evaporation of the extracts from the incu- 


4 Polytron ultrasonic homogenizer, Brinkmann Instruments, Westbury, N.Y. 
5 Beckman 5-21, Beckman Instruments, Fullerton, Calif. 
fi Beckman L2-65B ultracentrifuge, Beckman Instruments, Fullerton, Calif. 


8 Analtech, Newark, Del. 
Eberbach Curp., Ann Arbor, Mich. 


bation mixtures (before application to the TLC plates) also were exam- 
ined by GLC-mass spectrometry, using a 12% Carbowax 20M column 
at 120" to detect metabolites I11 and IV. The mass spectrum of the peak 
eluted with the same retention time as authentic I11 was recorded. No 
chromatographic peaks with the same retention times as authentic IV 
were observed in any extract. 
In Vivo Studies-Three male Sprague-Dawley rats, 500 g, were used 


for each experiment. The rats were placed individually in metabolism 
cages and allowed food and water ad libitum; urine (control) was collected 
for 24 hr. The rats were injected intraperitoneally with solutions of the 
hydrochloride salts of I, 11,111, or IV in normal saline at  80 mg/kg in four 
equal injections for I, 111, and IV or at 60 mg/kg in five equal injections 
for 11. The urine was collected under toluene for 72 hr after injection. 
Urine samples were removed from the metabolism cage periodically and 
stored at  -25" until analyzed. 


Preparation of Correlation Curves-A 30-, 20-, lo-, or 7.5-mg 
portion of authentic 111 hydrochloride was added to separate 10-ml ali- 
quots of control urine. The solutions were made alkaline (pH 8.0) by the 
addition of dilute ammonium hydroxide. A 20-ml aliquot of 0.2 M car- 
bonate buffer (pH 11) and 5 ml of the basic charcoal suspension were 
added to each urine sample. The basic charcoal suspension was prepared 
by adding 15 g of charcoalg to 400 ml of carbonate buffer (sodium car- 
bonate-sodium bicarbonate, pH 11) and mixing thoroughly, allowing the 
charcoal to settle overnight, and then aspirating as much as possible of 
the supernatant buffer. 


The mixtures were mixed thoroughly by repeated gentle shaking for 
30 min and then centrifuged at  4000Xg for 15 min. The clear supernatant 
layers were discarded, and the charcoal precipitates were shaken with 
150 ml of methanol. The methanol extracts were filtered and evaporated 
to dryness in a nitrogen stream. The residues were each treated with 235 
mg of N,O-bis(trimethylsily1)acetamide to form the monosilyl derivative 
of 111. The mixtures were examined by computer-equipped GLC-mass 
spectrometry on 3% OV-1 at 65O, using the mass spectrometer as a specific 
ion detector. A correlation curve was obtained by plotting the concen- 
tration of authentic 111 uersus the absolute intensity of the ions of m/e 
201 at  the peak maximum for the monosilyl derivative of 111. Regression 
analysislO was used to determine the line of the best fit for the data 
points. 


A 7.5-mg portion of authentic IV hydrochloride was added to a 10-ml 
aliquot of urine. The standard sample was then extracted as described. 
The residue after silylation was examined by computer-equipped 
GLC-mass spectrometry using a 3% OV-1 column at 80". 


Examination of Urine for I, 111, and IV-An aliquot of urine (one- 
third to one-fourth the urine sample) was adjusted to pH 11.0 and treated 
with a suspension of charcoal, and the charcoal was extracted with 
methanol as previously described. The methanol extract was evaporated 
in a nitrogen stream, and the residue was dissolved in methylene chloride. 
The detection of I in urine was achieved by examining the solution by 
computer-equipped GLC-mass spectrometry using a 3% OV-1 column 
at 220". The mass spectrometer was used in the specific ion detector mode 
to monitor the peaks with mle 339. 


The methylene chloride solution was evaporated to dryness in a ni- 
trogen stream, and the residue was treated with 609 mg of N,O-bis(tri- 
methylsily1)acetamide. The solution was examined again by computer- 
equipped GLC-mass spectrometry using a 3% OV-1 column at 65" and 
monitoring the ions with m/e 201 for the monosilyl derivative of 111. The 
column temperature was raised to 80°, and the sample was reinjected; 
the mass spectrometer was set to monitor ions with m/e 245 for the de- 
tection and quantitation of the disilyl derivative of IV. 


Examination of Urine for Compounds that Produce I11 or IV 
after Acid Hydrolysis-An aliquot of the urine sample was mixed with 
an equal volume of 12 N HCl and heated at 118' for 16 hr. The mixture 
was adjusted to pH 11.0 and treated with a suspension of charcoal, and 
the charcoal was extracted with methanol as previously described. The 
methanol extract was evaporated in a nitrogen stream, and the residue 
was treated with 609 mg of N,O-bis(trimethylsily1)acetamide. The so- 
lution was examined for the presence of the monosilyl derivative of 111 
and the disilyl derivative of IV by computer-equipped GLC-mass spec- 
trometry as previously described. 


REFERENCES 


(1) J. H. Biel, L. G. Abood, W. K. Hoya, H. H. Leiser, P. A. Nuhfer, 
and E. Kluchesky, J.  Org. Chem., 26,4096 (1961). 


9 Merck and Co. 
1" Hewlett-Packard 9100A calculator. 


934 /Journal of Pharmaceutical Sciences 







(2) L. G. Abood and 3. H. Biel, Int. Rev. Neurobiol., 4,218 (1962). 
(3) L. G. Abood, A. Astfeld, and J. H. Biel, Arch. Int. Pharmacodyn. 


Ther., 120,186 (1959). 
(4) L. G. Abood and L. J. Meduna, J.  Neru. Ment. Dis., 127,546 


(1958). 
(5) D. C. English, J. Neuropsychiat., 3,304 (1962). 
(6) L. G. Abood and F. Rinaldi, Psychopharrnacologia, 1, 117 


(1959). 
(7) K. Egli, Master’s thesis, University of Minnesota, Minneapolis, 


Minn., 1973. 
(8) M. W. Anders and G. J. Mannering, Mol. Pharmacol., 2, 219 


(1966). 
(9) L. F. Zerilli, A. Cometti, N. Rimorini, and G. G. Gallo, in “Pro- 


ceedings of the International Symposium on Gas Chromatography Mass 


Spectrometry,” At Friger.io, Ed., Elba, Italy, 1972. 
(10) J. M. Meola and M. Vanko, Clin. Chem., 20,184 (1974). 


ACKNOWLEDGMENTS AND ADDRESSES 
Received May 20, 1976, from the *College of Pharmacy and the 


*College of Biological Sciences, Uniuersity of Minnesota, Minneapolis, 
MN55455. 


Accepted for publication August 18,1976. 
Supported in part by a grant from the research funds provided by the 


The authors also thank the Samuel W. Melendy Summer Fellowship 
Graduate School of the University of Minnesota. 


for financial support to C.-H. Chen. 
To whom inquiries should be directed. 


Effects of Agitation on Size Distribution of 
Particulate Matter in Large-Volume Parenterals 


JAMES BLANCHARD x, JOHN A. SCHWARTZ, and DALE M. BYRNE * 


Abstract 0 The particle-size distributions of six types of large-volume 
parenterals subjected to different degrees of agitation were determined 
using an automatic particle counter. Data acquired from each solution, 
which had been maintained in a stored condition, subjected to agitation 
by inverting 20 times, and then mechanically shaken for 30 min, produced 
a linear relationship between log N>D and log I). Both the slope ( K )  and 
the number of particles per milliliter exceeding 1 pm in diameter ( N > l )  
exhibited a dependence on the degree of agitation. Their combined effect 
indicates that agitation by 20 hand inversions removed particulate matter 
from the surface of the container, which increased the total number of 
particles in solution (>1 pm) but did not significantly alter the relative 
size distribution. Agitation for 30 min, however, disintegrated agglom- 
erates and produced a particle-size distribution with a greatly increased 
number of particles whose diameters were less than 1 pm and a corre- 
sponding decrease in the number of particles exceeding 1 pm in diameter. 
The particle-size distribution of a parenteral solution determined by this 
in situ instrumental method was, therefore, dependent upon the degree 
of agitation to which the parenteral was subjected prior to examina- 
tion. 


Keyphrases 0 Particle-size distribution-various large-volume par- 
enterals, effect of different degrees of agitation 0 Parenterah, large 
volume-particle-size distribution, effect of different degrees of agitation 


Dosage forms-various large-volume parenterals, particle-size dis- 
tribution, effect of different degrees of agitation 0 Agitation-effect on 
particle-size distribution of various large-volume parenterals 


Particulate matter was defined as “extraneous, mobile, 
undissolved substances, other than gas bubbles, uninten- 
tionally present in parenteral solutions” (1). In a previous 
report, efforts to compare and contrast the ability of five 
methods to monitor the levels of particulate matter were 
described (2). During this investigation, it became ap- 
parent that the automatic particle counter was suitable for 
the rapid determination and sizing of particulate matter. 
This instrument’s ability to provide a reasonably accurate 
determination of the particle-size distributions present in 
large-volume parenterals was comparable1 to the mem- 
brane filtration and microscopic examination technique 


‘ J. Blanchard, J. A. Schwartz, and D. M. Byre, to be published. 


utilized in the recently adopted USP-NF standard (1). 
Some difficulties previously were noted in determining 


the actual levels of particulate matter of a given size 
present in parenterals. Ernerot et al. (3), who utilized a 
destructive counting procedure, reported that the parti- 
cle-size distribution in a parenteral solution at a given time 
was largely dependent upon the degree of agitation the 
solution had previously received. By its very nature, a 
destructive counting technique introduces a certain 
amount of shear force upon the particles in the solution, 
thereby altering the initial distribution of particles. This 
shear force introduced by the measuring technique itself 
would be eliminated by a nondestructive technique, since 
it would not be necessary to remove the solution from its 
container. Therefore, a nondestructive in situ technique 
that does not impose any additional shear force on the 
particles in a solution woald be ideally suited for charac- 
terizing the effects of agitation on particle-size distribu- 
tions in parenteral solutions. 


Some recent reports gave conflicting accounts of the 
importance of the effects of agitation. Groves (4) attributed 
the increase in particle counts observed (3) to the presence 
of air bubbles generated during the agithtion procedure. 
Ernerot (5) refuted this argument and identified the dis- 
integration and flocculation of particles as the true sources 
‘of the variation in particle counts following agitation. 
Blaug and Sarabia (6) noted that the particle counts re- 
corded using an electronic particle counter were the same 
for samples taken from intravenous bottles at rest or from 
the same bottles shaken immediately prior to sampling. 
Since destructive particle counting techniques were used 
in these investigations, it is difficult to draw definitive 
conclusions regarding the actual effects of agitation. 
Therefore, a major goal of this study was to examine more 
definitively the effects of agitation on the particle-size 
distribution in large-volume parenterals utilizing a non- 
destructive instrumental technique. 


Vol. 66, No. 7, July 1977/ 935 








equilibrium between myocardial release and decay kinetics. The down- 
slope is predominantly associated with decay phenomena (21). 


Animals yielding the upper limits of enzyme release were experiencing 
serious ventricular arrhythmias and death. 


Figure 2 demonstrates the relationship between myocardial damage 
(in grams) and serum creatine phosphokinase activity. These results agree 
with a previous conclusion that there is a direct relationship between 
infarct size and serial enzyme release (22). The pharmacological signifi- 
cance of this model is that it allows study of the dynamic changes of the 
infarct and also institution of possible therapeutic regimens. 


This work also showed that there is a relationship among ECG T-wave 
elevation, grams of damage, and death in addition to the correlation with 
enzyme data. Of the 54 experimentally infarcted animals, 51 showed 
T-wave elevation indicating a hypoxic state. Furthermore, each of the 
14 animals experiencing ventricular fibrillation and death was in the 
group displaying a T-wave elevation. This work demonstrates the sen- 
sitivity of enzyme analysis with respect to ECG wave alterations in as- 
sessing myocardial infarction. 
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Cactus Alkaloids XXXIII: ,t?-Phenethylamines from the 
Guatemalan Cactus Pilosocereus maxonii 


S. PUMMANGURA, D. E. NICHOLS, and J. L. McLAUGHLINX 


Abstract TLC analysis of extracts of Pilosocereus maxonii (Rose) 
Byles and Rowley detected six identifiable alkaloids. Preparative TLC 
aided in the crystallization of the hydrochlorides of N-methyl-3,4-di- 
methoxyphenethylamine, N-methyl-3-methoxytyramine, and N , N -  
dimethyl-3-methoxytyramine. Traces of 3,4-dimethoxyphenethylamine 
(TLC and mass spectrometry), tyramine (TLC), and N-methyltyramine 
(TLC) were identified. While all of these compounds were isolated andlor 
detected previously in other cactus species, this study is the first reported 
crystallization of N-methyl- and N,N-dimethyl-3-methoxytyramine from 
a natural source. 


Keyphrases Pilosocereus maxonii-whole plant extract, six alkaloids 
isolated and identified Alkaloids-isolated from whole plant extract 
of Pilosocereus maxonii 8-Phenethylamines, various-isolated from 
whole plant extract of Pilosocereus maxonii 


The cactus genus Pilosocereus comprises some 50-60 
species, ranging from Florida, the Carribean, and Mexico 
through Central America into northern South America 
(1-3). These plants are large, columnar, “giant cacti,” and 
dense wooly hairs or bristles characteristically cover the 
areoles at the apex of the shoots. Throughout their natural 


range, species of Pilosocereus are used for hedges; a few 
have edible fruit, but their greatest value in the United 
States stems from their sale as ornamentals (4, 5). No 
previous reports have been made regarding the alkaloid 
content of members of this genus. 


In a continuing survey of the Cactaceae for new alka- 
loid-containing species, extracts of Pilosocereus maxonii 
(Rose) Byles and Rowley were screened. This attractive 
species is indigenous to Guatemala (3), but propagated 
plants are available in the United States from commercial 
cactus dealers. Six P-phenethylamine alkaloids were 
identified by TLC, and three were successfully crystallized 
as their hydrochlorides. This paper describes the extrac- 
tion, isolation, structure elucidation, identification, and 
synthesis procedures for these alkaloids. 


EXPERIMENTAL 


Plant Material-Terminal cuttings, both rooted and unrooted, of the 
plants were received on July 10, 1975, February 5, 1976, and March 5, 
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1976; rooted commercial stock remains available from the supplier'. 
Reference photographs are on file. The plants conformed to the de- 
scription of Cephalocereus mazonii Rose as described by Britton and 
Rose (6). The name Pilosocereus mazonii (Rose) Byles and Rowley 
represents the latest taxonomic revision of the species ( 3 ) ;  additional 
names include Cereus maxonii Vaupel and Pilocereus maxonii (Rose) 
Knuth (4,6). The fresh plants were sliced, frozen, freeze dried a t  tem- 
peratures not exceeding 30°, and ground to a powder using a 2-mm sieve 
in a laboratory mill2. 


Preparat ion of Crude Alkaloid Fractions-The powdered plant 
material (500 g) was defatted, basified, and extracted with 16 liters of 
chloroform uia percolation (7). The chloroform extract was filtered and 
condensed to produce a thick syrup, which was extracted with nine suc- 
cessive 300-ml portions of 1 N HCl. The filtered aqueous extracts were 
combined and processed, essentially as previously described (8,9), to yield 
crude Fractions A (alkaloids), B (nonalkaloidal materials), and C 
(water-soluble alkaloids). 


Analytical TLC detected an abundance of alkaloids in Fractions A and 
C, while Fraction B was devoid of alkaloids. Fractions A and C were 
combined in ethanol and resolved into phenolic and nonphenolic portions 
using a basic anion-exchange resin as previously reported (10). 


TLC-Analytical TLC procedures (8,9) provided tentative identifi- 
cation of four alkaloids in the extracts. Preparative TLC methods (8,9) 
were used to resolve and isolate the major alkaloids in the phenolic and 
nonphenolic fractions. The TLC systems employed were Solvents A-G 
as previously described (8,9); the adsorbants were silica gel plates3 (an- 
alytical) and 1-mm layers of silica gel PF254 on 20 X 20-cm plates (pre- 
parative). A combination of UV light, f lu~rescamine~,  dansyl chloride, 
and tetrazotized benzidine as visualization aids (10, 11) served to dis- 
tinguish between primary and secondary amines and to provide chro- 
mophores distinctive for various structures. 


Resolution of Nonphenolic Alkaloids-TLC analysis of this fraction 
in Solvent E indicated the presence of one major alkaloid ( R f  0.34, sec- 
ondary amine) and one minor alkaloid (Rf  0.62, primary amine). A 0.30-g 
portion (from the 2.50-g total) of the nonphenolic alkaloid fraction was 
resolved uia preparative TLC (eight plates, one development each) in 
Solvent E. After detection under UV light (shortwave), the bands were 
removed and eluted with ethanol followed by methanol. 


Identification of Nonphenolic Alkaloids-Synthetic N-methyl- 
3,4-dimethoxyphenethylamine (12) cochromatographed in five TLC 
solvent systems (A, C, and E-G) with the eluates of the alkaloid having 
R/ 0.34 in Solvent E. Visualization reactions (dark purple under UV with 
fluorescamine and a white chromophore with tetrazotized benzidine) were 
likewise identical with the reference compound. The hydrochloride was 
prepared as previously described (9) and was crystallized from ethanol- 
ether. The yield was 56.5 mg (0.094%), mp 135-137' [lit. (12) mp 135- 
137"], mixed melting point 135-137O; mass spectrum5: m/e 44 (base 
peak). The IR6 spectrum was indistinguishable from the spectrum for 
reference N-methyl-3,4-dimethoxyphenethylamine hydrochloride. 


With the same five TLC systems, the alkaloid having Rj 0.62 in Solvent 
E consistently cochromatographed with reference 3,4-dimethoxyphen- 
ethylamine7. The visualization reactions (bright yellow under UV with 
fluorescamine and faint yellow with tetrazotized benzidine) were identical 
with the reference compound. The trace of alkaloid in the eluate failed 
to produce a crystalline hydrochloride even after additional preparative 
TLC. A mass spectral determination of the eluate revealed a molecular 
ion peak at m/e 181 with a base peak at m/e 152, consistent with the mass 
spectrum of reference 3,4-dimethoxyphenethylamine hydrochloride. 


Resolution of Phenolic Alkaloids-The phenolic alkaloid fraction 
(0.88 g) revealed two major alkaloids and two minor alkaloids upon TLC 
analysis in Solvent G. Preparative TLC (18 plates, three developments 
each) in Solvent C was used to resolve these compounds into two bands, 
each containing one major and one minor alkaloid. 


The major alkaloid in the lower band gave TLC visualization reactions 
indicative of a secondary amine (dark purple under UV with fluores- 
camine and golden under UV after overspraying with dansyl chloride). 
Tetrazotized benzidine produced a yellow chromophore typical of 4- 
hydroxyphenethylamines (10). The hydrochloride of the major alkaloid 
crystallized from methylene chloride-ether (9.5 mg, 0.002% yield). 


The major alkaloid in the upper band gave no reaction with fluores- 
camine, indicating a tertiary amine. Yellow fluorescence under UV after 
spraying with dansyl chloride confirmed the presence of a phenolic hy- 
droxyl, and a yellow chromophore with tetrazotized benzidine again in- 
dicated a 4-hydroxyphenethylamine. The hydrochloride of this major 
alkaloid also crystallized from methylene chloride-ether (23.4 mg, 0.004% 
yield). 


Crystallizations of the two minor alkaloids from the respective mother 
liquors of these crystallizations were not attempted. 


Identification of N-Methyl-3-methoxytyramine-The unknown 
crystalline hydrochloride from the lower phenolic band gave UV spectra8 
[A,, 228 (c 5510) and 281 (c  2594), 3.2 X g/ml in methanol] that were 
similar to those of 3-methoxytyramine (13). Mass spectral data revealed 
a molecular ion peak a t  m/e 181 (l.l%, C10H15N02) with a base peak at 
m/e 44 (loo%, CzHeN) and another peak at m/e 137 (7.4%, CSHSO~), in- 
dicating 0-cleavage of an N-methylphenethylamine (9). These data, 
combined with the TLC visualization reactions, were consistent with the 
identification of this alkaloid as N-methyl-3-methoxytyramine hydro- 
chloride. The observed melting point of 150-153' was close to the liter- 
ature (14) melting point of 154-155', and the crystalline compound co- 
chromatographed with a reference samples of N-methyl-3-methoxyty- 
ramine hydrochloride in five TLC solvents (A, C, and E-G). 


Identification of N,N-Dimethyl-3-methoxytyramine-The un- 
known crystalline hydrochloride from the upper phenolic band also gave 
UV spectra [A,,, 228 (c  5590) and 281 (c  2549), 4.0 X g/ml in meth- 
anol] that were similar to those of 3-methoxytyramine (13). Mass spectral 
data showed a molecular ion peak a t  m/e 195 (1.2%, CllH17N02) with a 
hase peak a t  m/e 58 (loo%, C3HaN) and another peak a t  m/e 137 (3.6%, 
CaH902), indicating @-cleavage of an N,N-dimethylphenethylamine (15). 
The data were consistent with the identification of this alkaloid as 
N,NN-dimethyl-3-methoxytyramine hydrochloride. The observed melting 
point of 18a-1920 was comparable with the literature (14) melting point 
of 19O-19Io, and the crystalline alkaloid cochromatographed with a 
reference sample10 of N,N-dimethyl-3-methoxytyramine hydrochloride 
in the usual five TLC systems (A, C, and E-G). 


Identification of Tyramine and  N-Methyltyramine-The minor 
alkaloids in the mother liquors from the upper and lower phenolic bands 
were identified as tyramine and N-methyltyramine, respectively. These 
compounds consistently cochromatographed (Solvents A, C, and E-G) 
with reference tyramine hydrochloride" and reference N-methyltyra- 
mine hydrochloride12, and the TLC visualization reactions were identical 
with the reference compounds (11). 


Synthesis of Reference N,N-Dimethyl-3-methoxytyramine 
Hydrochloride-The method of Cherayil(16) was followed with slight 
modifications (the suggested chromatographic purification of the product 
was not necessary). 3-Methoxytyramine hydrochloride13 (290 mg, 1.5 
mmoles) was mixed with sodium bicarbonate (42 mg, 1.5 mmoles), 88% 
(w/w) formic acid (131 mg, 7.5 mmoles), 37% (w/w) formaldehyde (203 
mg, 7.5 mmoles), and 15 ml of dimethylformamide. The mixture was 
refluxed for 5 hr, cooled, added to a mixture of 15 ml of water and 20 ml 
of 0.5 M pH 10 sodium borate, extracted three times with 50-ml portions 
of ethyl acetate, and dried over anhydrous sodium sulfate. The extract 
was then evaporated under reduced pressure to obtain 0.21 g of slightly 
yellow liquid. The hydrochloride was prepared and crystallized from 
ethanol-ether to yield white crystals (mp 191-192', 156 mg, 53.8% yield). 
Cochromatographic, mixed melting-point, IR, and mass spectral data 
identified the synthetic and isolated materials as N,N-dimethyl-3- 
methoxytyramine hydrochloride. 


Synthesis of Reference N-Methyl-3-methoxytyramine Hydro- 
chloride-Nitromethane was condensed with 4-benzyloxy-3-methox- 
yben~aldehyde'~ (15 g) uia the method of Gairaud and Lappin (17), using 
ammonium acetate and acetic acid to yield 4-benzyloxy-3-methoxy-0- 
nitrostyrene 110.95 g, 73% yield, mp 121-123", lit. (18) mp 122-123OI. The 
reduction of this compound (2.85 g) was performed using standard pro- 
cedures with lithium aluminum hydride in anhydrous ether (19); the ether 
extract was dried over anhydrous sodium sulfate and saturated with 
anhydrous hydrogen chloride. The white precipitate of 4-benzyloxy-3- 
methoxy-0-phenethylamine hydrochloride was recrystallized from eth- 
anol [2.13 g, 75%yield, mp 175-178", lit. (18) mp 173-175']. 


' Ahhey Garden, Carpinteria. Calif. 
Model 4, Thomas-Wiley. 
Bakerflex-IB2. 
Fluram, Roche. 
Hitachi RMU-6 mass spectrometer. 
Obtained using potassium bromide pellets and a Beckman IR 33 spectropho- 


Calbiochem. 
tometer. 


Cary model 17 recording spectrophotometer. 
Supplied by Dr. J. Lundstrom, Astra Pharmaceuticals AB, Sodertalje, Swe- 


lo Supplied by Dr. G. D. Cherayil, Medical College of Milwaukee, Milwaukee, 


l1  Eastman. 
l2 Isolated from Opuntia clauata Eng. 
l3 Aldrich Chemical Co. 


den. 


Wis. 
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The hydrochloride (1.2 g) was dissolved in 25 ml of water and made 
alkaline with 1 N NaOH. The alkaline solution was extracted three times 
with equal portions of ether. The ether extracts were dried over anhy- 
drous sodium sulfate and concentrated under reduced pressure to yield 
the free base as an oily liquid. This oil was dissolved in 50 ml of methyl 
formate and transferred to a high pressure vessel. The vessel was purged 
with nitrogen, sealed, and heated for 12 hr on a steam bath. After cooling 
and removing the solvent under reduced pressure, the N-formyl com- 
pound was obtained as a yellow oil, which could not be induced to crys- 
tallize. The IR spectrum showed expected strong peaks for amide NH 
and carbonyl. TLC in chloroform-methanol (3:4) and visualization with 
fluorescamine showed complete absence of the original primary 
amine. 


The entire yield of N-formyl-4-benzyloxy-3-methoxy-/3-phenethyl- 
amine was dissolved in 50 ml of ether and added dropwise into a mixture 
of 1 g of lithium aluminum hydride and 25 ml of ether. After addition, 
the mixture was refluxed for 10 hr; the excess reducing agent was de- 
stroyed by the careful addition of water and 20% sodium hydroxide. After 
stirring for 15 min, the ether layer was decanted. The aqueous residue 
was washed three times with 40-ml portions of ether. After drying over 
anhydrous sodium sulfate, the combined ether portions were saturated 
with anhydrous hydrogen chloride. Recrystallization of the precipitate 
from ethanol yielded N-methyl-4-benzyloxy-3-methoxy-~-phenethy1- 
amine hydrochloride [580 mg, 50% overall yield, mp 155-156”, lit. (14) 
mp 154-155OI. 


Debenzylation of this compound (500 mg) was performed by hydro- 
genation for 3 hr a t  40-50 psi in 20 ml of ethanol over 125 mg of 10% 
palladium-on-charcoal. The reaction mixture was filtered (diatomaceous 
earth14), and the filtrate was concentrated. Crystallization from etha- 
nol+ther yielded N-methyl-3-methoxytyramine hydrochloride [ 210 mg, 
42% yield, mp 152O, lit. (14) mp 154-155’1. Cochromatographic, mixed 
melting-point, IR, and mass spectral data confirmed the identity of the 
synthetic product and the isolated alkaloid. 


DISCUSSION 


By using previously described techniques, an alkaloid extract was 
obtained from defatted P. maronii and resolved into nonphenolic and 
phenolic fractions. TLC analyses revealed the presence of one major al- 
kaloid (N-methyl-3,4-dimethoxyphenethylamine) and one minor alkaloid 
(3,4-dimethoxyphenethylamine) in the nonphenolic fraction. Preparative 
TLC aided in the crystallization of the hydrochloride of the major non- 
phenolic alkaloid, and comparisons of physical and spectral data (melting 
point, mixed melting point, and mass and IR spectra) of the isolated al- 
kaloid and reference N-methyl-3,4-dimethoxyphenethylamine confirmed 
the original TLC identification. The trace of 3,4-dimethoxypheneth- 
ylamine would not crystallize, but the TLC identification (five solvent 
systems) was confirmed by mass spectral analysis using concentrated 
eluates from preparative TLC. 


Analysis of the phenolic alkaloid fraction by TLC revealed two major 
alkaloids (unknowns) and two minor alkaloids (tyramine and N-meth- 
yltyramine). After preparative TLC, the hydrochlorides-of the major 
alkaloids crystallized and were identified (TLC visualization reactions 
and UV and mass spectral data) as N-methyl-3-methoxytyramine and 
N,N-dimethyl-3-methoxytyramine hydrochlorides. To confirm these 
identifications, the two compounds were synthesized following estab- 
lished methods; the synthetic compounds were identical in all respects 
(TLC, melting point, mixed melting point, IR, and mass spectra) to the 
isolated alkaloids. The mother liquors from the crystallizations of the 
two major phenolic alkaloids contained traces of tyramine and N -  
methyltyramine, which were identified by TLC (five solvent systems). 


14 Celite. 


All six of these alkaloids were detected and/or isolated from other 
cactus species. Tyramine, N-methyltyramine, 3,4-dimethoxypheneth- 
ylamine, and N-methyl-3,4-dimethoxyphenethylamine are fairly com- 
mon in alkaloidiferous cacti. However, the two major phenolic alkaloids, 
N-methyl- and N,N-dimethyl-3-methoxytyramine, are much less com- 
mon; this paper is the first report of their crystallization from a natural 
source. Agurell et al. (19) detected N-methyl-3-methoxytyramine in 
Trichocereus courantii (K. Sch.) Backb. using TLC, GLC, and GLC- 
mass spectrometry, and Bruhn and Bruhn (20) used these same methods 
to detect a trace of N,N-dimethyl-3-methoxytyramine in Ariocarpus 
agauoides (Castaneda) E. F. Anderson. Lundstrom (14) used “trapping 
experiments” to detect traces of both compounds in peyote, Lophophora 
williamsii (Lem.) Coult. The pharmacological activity and especially the 
psychoactive effects of these alkaloids remain to be explored. 
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Synthesis of Various Geometric and Enantiomeric Oxime 
O-(a- and 0-Methylcholinyl) Ethers as 
Potential Anticholinergic Agents 


PEDRO L. HUERTA *, EUGENE I. ISAACSON $, ROBERT G. BROWN, and 
JAIME N. DELGADO' 


Abstract 0 Various enantiomeric and geometric oxime 0-(a- and 6- 
methylcholinyl) ethers were synthesized as potential anticholinergic 
agents. The synthesis, separation, resolution, and structural character- 
ization of these compounds are reported. The first step of the synthetic 
pathway involved an oxime formation, with subsequent 0-alkylation of 
the respective oxime with 2-chloro-N,N-dimethylpropylamine hydro- 
chloride. The separation of the a- and @-structural isomers utilized 
vacuum fractional distillation and/or column chromatography, and the 
resolution of the enantiomers was accomplished uia the formation of 
tartrate diastereoisomers. A preliminary pharmacological evaluation for 
anticholinergic activity was conducted using a rat ileum assay. Struc- 
ture-activity relationships, including some stereochemical properties 
and antimuscarinic activity, are discussed. 


Keyphrases Oxime 0-(a- and 6-methylcholinyl) ethers-synthesized, 
enantiomeric and geometric isomers separated, anticholinergic activity 
evaluated 0 0-(a- and 8-Methylcholinyl) ether derivatives of oximes- 
synthesized, enantiomeric and geometric isomers separated, anticho- 
linergic activity evaluated Anticholinergic activity-evaluated in series 
of oxime 0-(a- and 8-methylcholinyl) ethers Structure-activity rela- 
tionships-various oxime 0-(a- and 0-methylcholinyl) ethers, anticho- 
linergic activity evaluated 


The premise that a compound must possess optimal 
stereochemical properties for significant antimuscarinic 
activity has been well established by structure-activity 
relationship studies of atropine (1,2), hyoscine (2-4), p- 
methylcholine esters of a-methyltropic acid and cyclo- 
hexylphenylglycolic acid (5, 6), and 2-substituted 4-di- 
methylaminomethyl- 1,3-dioxolanes (7,8). 


Furthermore, the work dealing with p-methylcholine 
esters of a-methyltropic acid and cyclohexylphenylglycolic 
acid (5,6) concluded that the stereochemistry of the amino 
alcohol moiety was not important for antimuscarinic ac- 
tivity, since the enantiomeric potency ratios were not very 
large when the absolute configuration of the P-methyl- 
choline moiety was varied. However, in the same reports 
( 5 , 6 )  and in earlier work (9), the data indicated that 0- 
methyl substitution reduced anticholinergic activity but 
that the converse was true for a-methyl substitution. 
Therefore, a-methylcholine derivatives should be studied 
as potential anticholinergic agents. 


In view of this earlier work and of the fact that oxime 
0-ethers exhibited high antimuscarinic activity (10-12) 
and served as good models for studying geometric isom- 
erism (121, a series of geometric and enantiomeric oxime 
0-(a- and @-methylcholinyl) ethers was synthesized. A 
preliminary pharmacological evaluation was also con- 
ducted, since these data could lead to postulated receptor 
interactions if certain limitations are considered, such as 
comparing data of analogous compounds (13) and ensuring 
relative stereochemical purity (14). 


DISCUSSION 
Synthesis-The major steps in the synthesis of the racemic 0-(a- and 


8-methylcholinyl) ethers of 1-methyl-4-piperidone oxime (Ia and I@), 


H 


:NOH I 


H ' R1\ /OH NaH R1\c-,N~- 
- /  


RI \  ,C=O + ,C=N 


OCC" 
' I I 'CH3 + 


I 
H H  


CHI 


Ia-IVa 


I P - N P  
Scheme I 


benzophenone oxime (Ha and IIj3), (E)-phenyl2-pyridyl oxime (IIIa and 
IIIB), and (Z)-phenyl2-pyridyl oxime (IVa and IVS) (Table I) are de- 
picted in Scheme I. 


Oxime formation was the first step (Scheme I). The oxime from 1- 
methyl-4-piperidone was produced with a method adapted from Kochhm 
et al. (10). Benzophenone, (E)-phenyl2-pyridyl, and (Z)-phenyl2-pyridyl 
oximes were obtained by utilizing the Wylie et al. (15) base-catalyzed 
procedure. However, the synthetic procedure employing phenyl2-pyridyl 
ketone formed a mixture of the ( E ) -  and (2)-geometric isomers. 


Separation of the geometric isomers was accomplished by selective 
crystallization of the oximes when the pH of the acidic solution containing 
the oxime hydrochloride salts was adjusted to 2.5 with an aqueous 10% 
sodium hydroxide solution. Each of two consecutive adjustments to a pH 
value less than 2.5 with the sodium hydroxide solution yielded the (Z)- 
isomer, while a third adjustment to a pH of 2.5 produced a mixture of both 
isomers. Subsequent adjustments to a pH value greater than 2.5 caused 
the precipitation of the (E)-isomer. The (2)-isomer was precipitated first, 
since it existed primarily in the monoprotonated form (X) and was the 
stronger conjugate acid. The (E)-isomer remained in solution until a 
higher pH value was reached, because the protonated pyridyl nitrogen 
( Y )  was the weaker conjugate acid. 


The difference in the degree of availability of the electrons of the 
pyridyl nitrogen in the formation of the hydrochloride salts was accounted 
for by variations in intramolecular hydrogen bonding. The UR spectrum 
for the @)-isomer in chloroform demonstrated a free hydroxyl group at 
3550 ern-', but a similar one was absent in the spectrum of the (Z)-isomer. 
The NMR data also substantiated the intramolecular hydrogen bonding 
in the (2)-isomer when the chemical shifts of the hydrogen atoms (a) on 
the carbon atoms adjacent to the nitrogens of the 2-pyridyl substituents 


H fa) 
Form X 


\ 
H(u) 
Form Y 


1120 / Journal of Pharmaceutical Sciences 







I I 'cn, 
Table I-Oxime 0-(a- and &Methylcholinyl) Ethers '' R3 R, 


R3, NMR Rq, NMR 
Chemical Chemical Yield, Oxime, Sodium Hydride, Alkyl Halide, 


Compound R1 Rz Shift ( T )  Shift ( T )  Boiling Point g, % g, mole g, mole g, mole 


H (6.11) 


H (5.88) 


H (5.88) 


H (5.88) 


CHs(8.82) 


CH3(8.73) 


CH3 (8.73) 


CHs (8.73) 


CH3 (9.06) 
H (7.60) 
CH~(9.06) 
H (7.62) 
CH3 (9.06) 
H (7.60) 
CH3 (9.06) 
H (7.62) 


92-94' (1.15 mm Hg) 
88-90' (2 mm Hg) 


133-137" (0.15 mm Hg) 
106-109" (0.1 mm Hg) 


32,79 
30,71 
28,89 
15,95 - 
- 
- 
- 


25.6,0.2 
29.55,0.15 
22.0.112 
11; 0.056 - 


18.8,0.4 31.6,0.2 
14.4,0.309 23.7,0.15 
10.4,0.224 17.6,0.112 
5.2,0.112 8.8,0.056 


- - 


were studied. The NMR spectrum of Form X did not demonstrate a 
significant variation in the chemical shifts of the analogous (a) protons 
when compared to the NMR spectrum of the free oxime, because pro- 
tonation did not take place on the pyridyl nitrogen since its electrons were 
already involved in intramolecular hydrogen bonding. However, the 
analogous (a) proton in Form Y was shifted downfield (0.80 T )  relative 
to the (a) proton (1.40 T )  of the (E)-isomer, since it was deshielded when 
the pyridyl nitrogen was protonated. 


The next step of the synthetic pathway (Scheme I) consisted of the 
generation of the anionic oxime derivatives when sodium hydride was 
added. The etherification mechanism generally encompasses a nucleo- 
philic attack by the anionic oxime derivative on the alkyl halide, resulting 
in the displacement of the halide ion. However, in this investigation the 
interaction between the nucleophiles and 2-chloro-N,N-dimethylpro- 
pylamine did not proceed exactly as in the other 0-alkylation reactions, 
since a- and @-methyl structural isomers were obtained from the same 
reaction mixtures. 


The formation of Ia-IVa and I@-IVB may be rationalized via the 
etherification procedures involving a cyclic aziridinium-ion intermediate, 
which was formed when the neighboring amino group anchimerically 
assisted the displacement of the halide ion and became internally bonded 
to two different positions in the molecule (16, 17). The reactions pro- 
ceeded uia a nucleophilic attack on the cyclic immonium ion, producing 
Ia-IVa when the attack took place on the secondary carbon atom but 
Ip-IVp when the reactive site was the tertiary carbon atom. The a/B 
isomeric ratios demonstrated that the nucleophilic attack was more 
predominant a t  the least substituted carbon atom. 


The a- and @-structural isomers were separated and purified with two 
techniques. Compounds Ia, I@, IIa, and IIB were isolated uia vacuum 
fractional distillation. Compounds IIa and 110 were also separated with 
adsorption column chromatography, which proved successful in the 
separation of IIIa, III& IVa, and IVB. The distillations and chromato- 
graphic separations were monitored using GLC, comparison of refractive 
indexes, TLC, and NMR and IR spectra. 


Resolution-The two most commonly used methods for the resolution 
of racemic modifications (18, 19) are stereospecific synthesis and dia- 
stereoisomer formation. The stereospecific synthesis of the optically pure 


Table 11-Oxime 0-(a- and 8-Methyltrimethylaminoethyl) 
Ether Bromides 


H H  


Melting Empirical Analysis, % 
ComDound Point Formula Calc. Found 


(f)-Ia 218-222' C13HzgBrzN30 C 38.72 38.51 
CH3Br H 7.19 7.16 


N 10.42 10.65 
(%)-I@ 209-211' C13HzgBrzN30 C 38.72 38.06 


CH:IBr H 7.19 7.37 
N 10.42 9.70 


( f ) - I Ia  189-190' Cl9Hz5BrNz0 C 60.49 60.76 
CH3Br H 6.63 6.87 


N 7.43 7.38 
(*)-IIP 165-166" Cl9H25BrN2O C 60.49 60.46 


CHRBr H 6.63 6.75 
N 7.43 7.89 


enantiomers was not considered because: (a) the synthetic pathway 
(Scheme I) was designed to take advantage of the formation of both 
StNCturd isomers since the research proposal involved a- and &isomeric 
derivatives, and (b) it  has not been established that 0-alkylation of ox- 
imes with 2-chloro-N,N- dimethylpropylamine proceeds exclusively via 
an S N ~  mechanism and any products formed by an SNI mechanism 
would lead to racemization. 


The decision was made to resolve these racemates by the formation 
of diastereoisomeric derivatives and subsequent separation of the two 
different components uia fractional crystallization. The first resolving 
agent, d-10-camphorsulfonic acid, did not prove satisfactory. The dia- 
stereoisomeric salts did not precipitate from the reaction mixture, and 
the mixture resisted separation with column chromatography when silica 
gel was used as the adsorbent material. However, (+)-tartaric acid formed 
stable diastereoisomeric derivatives. Subsequent treatment of the tar- 
trates with triethylamine regenerated the free enantiomers, which were 
converted to the methylbromide derivatives (Tables I1 and 111). 


The relative purity of the diastereoisomers and corresponding 
methylbromide derivatives of the enantiomers from IIa and IIIa was 
determined by repeated recrystallizations until constant melting points 
and optical rotations were achieved (Table 111). The methylbromide 
derivatives exhibited opposite optical rotations for the dextro- and 
leuo-enantiomers (Table 111), which also verified their relative purity. 
These physical properties have been employed previously (18) to sub- 
stantiate the relative purity of diastereoisomers and crystalline enan- 
tiomeric derivatives. 


Both types of derivatives, diastereoisomers and methylbromides, were 
subjected to elemental analyses (Table 111) to substantiate their char- 
acterizations. An NMR spectral analysis of the diastereoisomers did not 
supply unambiguous data, even though some diastereoisomers exhibit 
significant differences when the appropriate solvent system is utilized 
(20). 


Table 111-Oxime 0-(a-Methylcholinyl) Ether Tartrates and 
Methylbromides 


Melting Empirical Anal sis % 
Compound Point la]$ Formula & 


IIa Tartrate 12&130" +8.38' C22H28- C 61.11 60.91 


N 6.48 6.52 
(+)-Ira CH3Br 177-179.5' +17.28" C19HzsBr- C 60.49 60.36 


Nz07 H 6.48 6.58 


N20 H 6.63 6.61 


IIa Tartrate 11 "I 


N207 H 6.48 -6.58 
N 6.48 6.36 


(-)-Ira CH3Br 188-190" -17.26" CIgHzsBr- C 60.49 60.76 


N 7.43 7.40 
IIIa Tartrate 136-139' +8.42' C21H27- C 58.19 58.31 


NzO H 6.63 6.88 


N ~ 0 7  H 6.23 6.15 " - .  
N 9.70 9.87 


(+)-IIIa CH3Br 176-178' +20.4' C18H24Br- C 57.16 57.07 
N30 H 6.35 6.51 


N 11.11 11.31 
IIIa Tartrate 156-158" +19.4" C21H27- C 58.19 58.13 


Nq07 H 6.23 6.54 - .  
N 9.70 9.80 


(-)-IIIa CH3Br 185-187' -23.46' C18HzdBr- C 57.16 57.03 
N30 H 6.35 6.28 


N 11.11 11.16 
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Table IV-Summary of Pharmacological Data of Oxime 0-(a- 
Methyltrimethylaminoethyl) Ether Bromides 


(f1-11~ 1.33 x 10-5 4.14 x 10-3 e 
(i)-II@ 1.33 x 10-5 1.96 x 10-3e 2-11 
(+)-IIa 7.96 X 1.89 X lop3 
(-)-IIa 7.96 X 1.60 X 
(+)-IIa 7.96 X 10.3 X 10-5f 
(-)-IIa 7.96 X 9.82 X 10-5f 
(+)-III~ 1.19 x 10-5 1.37 x 10-3e 
(-)-III~ 1.19 x 10-5 2.21 x 10-3e 


Dose of spasmolytic agent introduced prior to the addition of the spasmogen 
dose increments. Spasmogen doses necessary to elicit a 50% response after pre- 
treatment with the spasmolytic agent. c Comparison of the spasmolytic activities 
based on the respective EDsoz Number of consecutive determinations using the 
same muscle strip. Urecholine as spasmogen. f Carbachol as spasmogen. 


Compounds 110 and IVa resisted resolution, and only one diastereo- 
isomer was obtained in each case. The isolation of the enantiomers of 110 
was not pursued, since preliminary pharmacological data substantiated 
that (f)-IIa possessed greater anticholinergic activity than (&)-II@ (Table 
IV). Resolution of IIIP and IVP was not attempted for the same rea- 
son. 


Since it was confirmed previously (12) that dimethylaminoethyl 0- 
ether derivatives of (E)- and (Z)-phenyl2-pyridyl oximes were equipo- 
tent, the recovery of the corresponding diastereoisomer of IVa was dis- 
continued. Elemental analyses of Ia and 10 indicated that diquaterni- 
zation occurred, which complicated the resolution procedure; therefore, 
the synthesis of these compounds as antimuscarinic agents was not 
pursued. 


Oximes-1-Methyl-4-piperidone-A modified method of Kochhar 
et al. (10) was used. Sodium bicarbonate (79.2 g, 0.84 mole) was added, 
with constant stirring, to a 600-ml aqueous solution containing hydrox- 
ylamine hydrochloride (66 g, 0.84 mole). The reagent, 1-methyl-4-pi- 
peridone (67.2 g, 0.6 mole), was added next, and the reaction mixture was 
stirred at room temperature for 5 hr with a magnetic stirrer. The mixture 
was then saturated with sodium carbonate and extracted with five 50-ml 
portions of chloroform. The combined chloroform extracts were evapo- 
rated under reduced pressure. The crude product, after recrystallization 
from anhydrous benzene-petroleum ether (7:1), yielded a crystalline 
material (56 g, 75%) that melted at  128-129'. The IR spectrum demon- 
strated characteristic bands for C=N (1630 cm-;) and NOH (920-970 
cm-I). 


Benzophenone-The method described by Wylie et al. (15) was fol- 
lowed by combining benzophenone (100 g, 0.53 mole), previously dis- 
solved in 200 ml of warm ethanol (95%), with hydroxylamine hydro- 
chloride (50 g, 0.89 mole), which was previously dissolved in 40 ml of 
distilled water. Sodium hydroxide pellets (110 g, 2.75 moles) were added 
to the mixture with constant stirring and cooling when necessary. The 
reaction mixture was allowed to cool to room temperature prior to its 
combination with 2 liters of distilled water containing 300 ml of 36% 
hydrochloric acid. The precipitate was recrystallized from 95% ethanol, 
and the pure oxime (88 g, 81%) melted at 143-144'. Its IR spectrum in- 
dicated the presence of the characteristic bands for the C=N (1580 cm-1) 
and aromatic (2920 and 1900 cm-l) moieties. 


Phenyl2-Pyridyl Ketone-A modified method of Wylie et al. (15) was 
employed by adding a 50-ml aqueous hydroxylamine hydrochloride (50 
g, 0.89 mole) solution to a solution of phenyl2-pyridyl ketone (100 g, 0.53 


The melting points are uncorrected; a Thomas-Hoover Uni-Melt apparatus 
was used. Elemental analyses were conducted by Schwarzkopf Microanalytical 
Laboratory, Woodside, N.Y. IR spectra of all final products were measured on a 
Beckman IR-8 spectrophotometer. NMR spectra were obtained with a Varian A-60 
spectrometer (tetramethylsilane and dimethyl sulfoxide as the internal standards). 
Optical rotations were obtained with a Perkin-Elmer 141 polarimeter. Pharmaco- 
logical determinations were made on a Marco physiograph desk model DMP- 
4A. 


mole) in 350 ml of warm 95% ethanol. Sodium hydroxide (110 g, 2.75 
moles) was added in small portions to the mixture with stirring and 
cooling when the heat of reaction became excessive. After allowing the 
reaction mixture to cool to room temperature, an aqueous hydrochloric 
acid solution (300 ml of 37% HC1 in 2 liters of distilled water) was added 
to the mixture. A mixture of the ( E ) -  and (2)-geometric isomers pre- 
cipitated but dissolved upon continued addition of the acidic solution 
and subsequent heating. A precipitate (2.8 g) formed after the solution 
cooled to room temperature. This precipitate was recrystallized from 95% 
ethanol, and its melting point (166168') coincided with the one reported 
by Haney (12) for the (Z)-' isomer. 


The pH (1.8) of the acidic solution containing the soluble hydrochloride 
salts was adjusted to 2.1 with an aqueous sodium hydroxide solution 
(1096). Precipitation occurred, and the solution was heated to allow the 
solid material to dissolve. The precipitate that formed upon subsequent 
cooling to room temperature was recrystallized from ethanol (95%) and 
melted a t  165-168O (9 9). A second adjustment was made to pH 2.3, and 
the solution was heated to dissolve the precipitate that had formed. The 
solid material that formed when this last solution cooled to room tem- 
perature was recrystallized from ethanol (95%), mp 164-166' (7 9). 


The melting point and NMR data demonstrated that each product 
obtained from the first and second pH adjustments was the (Z)-geometric 
isomer. However, a third pH adjustment to 2.5 afforded a mixture (13.4 
g) of the (2)- and (E)-geometric isomers. A fourth adjustment to pH 6 
produced the (E)-isomer (32.3 g), mp 151-153', after recrystallization 
from ethanol (95%). The NMR spectra demonstrated characteristic 
chemical shifts for the protons adjacent to the pyridyl nitrogen in the (Z)- 
(1.25 7 )  and ( E ) -  (1.40 T )  isomers. 


Oxime 0-Ethers-Pertinent preparative data and physical constants 
for each synthesized compound are given in Tables 1-111. 


Synthesis-The respective oxime was dissolved in warm absolute 
ethanol and placed in a three-necked round-bottom flask equipped with 
an electric stirrer, a water condenser, and a dropping funnel. Sodium 
hydride as a 51.6% mineral oil dispersion was added to this solution in 
small portions with constant stirring and cooling. The alkyl halide, 2- 
chloro-N,N- dimethylpropylamine hydrochloride, was dissolved in hot 
absolute ethanol and placed in a dropping funnel. The solution in the 
funnel was heated with a heating tape when precipitation of the alkyl 
halide occurred while it was being added dropwise to the refluxing re- 
action mixture. The hot reaction mixture was filtered, and the solvent 
was evaporated under reduced pressure. The resultant oily material 
containing the a- and 0-structural isomers was extracted with anhydrous 
petroleum ether for I and 11, but isopropyl ether was used for 111 and IV. 
The mixture was filtered, and the solvent was evaporated under reduced 
pressure. 


Separation-The a- and 0-structural isomers of I were separated uia 
vacuum fractional distillation utilizing a microdistillation apparatus with 
a heated 14-cm fractionating column. The isomers of I1 were separated 
by both vacuum fractional distillation, using an 18-cm vacuum-jacketed 
fractionating column, and column chromatography. In addition, the 
structural isomers of 111 and IV were separated by column chromatog- 
raphy. 


An isomeric mixture (19.7 g) of I1 was chromatographed on silica gel 
(200 8). The eluting solvents, benzene, benzene-ether (95:5), benzene- 
ether (41) ,  and ether, successfully separated IIa and 110. Another chro- 
matographic separation also proved successful when 45.5 g of the reaction 
mixture (11) was introduced on a column packed with 355 g of silica gel 
and eluted with cyclohexane, cyclohexane-benzene (31),  cyclohexane- 
benzene (l: l) ,  cyclohexane-benzene (1:3), benzene, benzene-ether (411, 
and benzene-ether (1:l). 


A mixture (24.4 g) of a- and @-isomers from 111 was incorporated on 
a chromatography column packed with 200 g of silica gel. Separation was 
accomplished when the column was eluted with successive portions of 
benzene, benzene-ether (91,8515,41,3:1, and Ll), ether, ether-ethanol 
(l:l), and ethanol. An isomeric mixture (14.2 g) of IV was also successfully 
separated using 200 g of silica gel and a similar eluting system. 


The IR spectra of the a-isomers displayed a characteristic carbonyl 
stretching band at  1040 cm-l, while the @-isomers' corresponding bands 
were a t  1060 or 1075 cm-l. The separations also were monitored with 
TLC, GLC, and NMR spectroscopy. Correct elemental analyses of the 
methylbromide derivatives also were used to characterize the structural 
isomers of I and 11. These derivatives were obtained by recrystallization 
of the precipitates that developed when the respective isomers, while in 
isopropyl ether, were treated with excess bromomethane and placed in 
the freezer for 24 hr. 


Resolution-The diastereoisomers from IIa were prepared with 
(+)-tartaric acid. The oxime 0-ether (12.51 g, 0.044 mole) was dissolved 


1122 /Journal of Pharmaceutical Sciences 







in absolute ethanol (200 ml), and this mixture was combined with 200 
ml of absolute ethanol containing an isomolar amount of (+)-tartaric acid 
(6.66 g, 0.044 mole). The reaction mixture was refluxed for 1 hr, but heavy 
precipitation necessitated the addition of 80 ml more of absolute ethanol. 
The precipitate resulting after the mixture stood at  room temperature 
for 1 hr was purified by recrystallizing it twice from absolute ethanol [6.9 
g, mp 155-156', [a]g t19.33' (c 1.5%, absolute methanol)]. Anhydrous 
isopropyl ether (150 mi) was added to the original filtrate to promote 
precipitation of the other diastereoisomer. The precipitate (6 g, mp 
125-130') was collected and recrystallized four times from isopropyl 
alcohol (2 g, mp 128'-130°, [a lp  +8.38' (c 5%, absolute methanol)]. 


The methylbromide derivative of (-)-IIa from the higher melting 
diastereoisomer was prepared following the regeneration of the free base. 
The diastereoisomeric salt (3 g) was dissolved in 16 ml of distilled water, 
and this mixture was combined with triethylamine (10 ml) and stirred 
for 30 min at room temperature. Anhydrous isopropyl ether (30 ml) was 
added, and the reaction mixture was stirred for an additional 15 min. The 
isopropyl ether layer was isolated, and the solvent was evaporated under 
reduced pressure. The residue was dissolved in anhydrous isopropyl ether, 
and this mixture was treated with excess bromomethane. Then the 
mixture was placed in the freezer for 12 hr, and the resulting precipitate 
was recrystallized three times from isopropyl alcohol. The analytically 
pure sample melted at  188-190' (0.4 g) and possessed an optical rotation 
of [a@ -17.26' (c 596, chloroform). 


The methylbromide derivative of (+)-IIa from the lower melting 
diastereoisomer was prepared following the regeneration of the free base. 
The diastereoisomeric salt (2 g) was dissolved in 12 ml of distilled water, 
and this mixture was combined with 7 ml of triethylamine. The reaction 
mixture was stirred for 30 min at room temperature. Anhydrous isopropyl 
ether (20 ml) was then added, and the reaction mixture was stirred for 
an additional 15 min. The isopropyl ether layer was separated from the 
aqueous layer, and the solvent was evaporated under reduced pressure. 
The residue was dissolved in anhydrous isopropyl ether, and this mixture 
was treated with excess bromomethane. 


The reaction mixture was stored in the freezer for 12 hr. The precipitate 
(0.9 g, mp 182-185') was recrystallized three times from a mixture of 
anhydrous isopropyl ether (2%) and isopropyl alcohol, but a significant 
optical rotation was not achieved. The filtrates from these recrystalli- 
zations were combined and placed in the freezer. The solid material (mp 
17b183') was recrystallized four times from a solvent system composed 
of anhydrous isopropyl ether (5%) and isopropyl alcohol. An analytically 
pure sample (0.2 g) was obtained [mp 177-179.5', [a]g +17.28' (c 5%, 
chloroform)]. 


The diastereoisomers from IIIa were formed with (+)-tartaric acid. 
The oxime 0-ether (3.74 g, 0.0132 mole) was dissolved in 200 ml of ab- 
solute ethanol, and this mixture was combined with 200 ml of absolute 
ethanol containing an isomolar quantity of (+)-tartaric acid (1.98 g, 0.0132 
mole). The reaction mixture was refluxed for 1 hr and stirred for 12 hr 
at room temperature. Then the mixture was heated to dissolve the solid 
material and allowed to stand at  room temperature for 12 hr. The pre- 
cipitate [2.1 g, mp 143-150', [a]: t13.88' (c 2.5%, absolute methanol)] 
was recrystallized three times from absolute ethanol. 


The analytically pure sample (1 g) melted at  156-158' with an optical 
rotation of [a]g t19.4' (c 2.5%, absolute methanol). Anhydrous isopropyl 
ether (450 ml) was added to the original filtrate while heating and stirring, 
and the mixture was allowed to stand at  room temperature until pre- 
cipitation occurred. The precipitate [1.7 g, mp 132-136', [alp t9.52' (c 
5%, absolute methanol)] was recrystallized three times from a mixture 
of anhydrous isopropyl ether and absolute methanol. An analytically pure 
sample (0.8 g) was obtained [mp 136-139', [a]g t8.42' (c 5%, absolute 
methanol)]. 


The methylbromide derivative of (-)-Ma from the higher melting 
diastereoisomer was prepared after the regeneration of the free base. 
Excess triethylamine was added to the diastereoisomer (1 g), and the 
mixture was stirred for 15 min. Distilled water (20 ml) was then added, 
and the reaction mixture was stirred until all gummy material dissolved. 
Anhydrous isopropyl ether (20 ml) was combined with the mixture, and 
the resultant mixture was stirred for an additional 15 min. The isopropyl 
ether layer was segregated and evaporated under reduced pressure. 


The residual oil (0.7 g) was dissolved in anhydrous isopropyl ether, and 
this mixture was treated with excess bromomethane. The reaction mix- 
ture was stored in the freezer for 12 hr. The precipitate was recrystallized 
three times from a mixture of anhydrous isopropyl ether and isopropyl 
alcohol. The analytically pure derivative (0.3 g) melted at 185-187', [a]$6 
-23.46' (c 5%, chloroform). 


The methylbromide derivative of (t)-IIIa from the lower melting 
diastereoisomer was prepared after the regeneration of the free base. 


Excess triethylamine was added to the diastereoisomer (0.8 g), and the 
mixture was stirred for 15 min. Distilled water (20 ml) was added, and 
the reaction mixture was stirred until all gummy material dissolved. 
Anhydrous isopropyl ether (20 ml) was combined with the mixture, and 
this final mixture was stirred for an additional 15 min. The isopropyl 
ether layer was separated and evaporated under reduced pressure. 


The residual oil was dissolved in anhydrous isopropyl ether, and this 
mixture was treated with excess bromomethane. The reaction mixture 
was stored in the freezer for 12 hr. The precipitate was recrystallized six 
times from a mixture of anhydrous isopropyl ether and isopropyl alcohol. 
The analytically pure derivative (0.1 g) melted at  176-178', [a]$ t20.4' 
(c 5%, chloroform). 


PHARMACOLOGY 


A preliminary pharmacological evaluation was conducted to determine 
the antimuscarinic activity of the methylbromide derivatives of (i)-IIa, 
(&)-II@, (+)-IIa, (-)-Ha, (+)-IIIa, and (-)-IIIa. Antimuscarinic activity 
was determined relative to atropine sulfate (3.60 X mmole/ml) when 
urecholine and/or carbachol were utilized as spasmogens. The concen- 
trations of the spasmogen solutions were determined so that 5.1 X 
mmole of urecholine and 1.23 X or 1.64 X 10-5 mmole of carbachol 
were added per increment. 


Method-The general method (6) consisted of the inhibition of 
spasmogen-induced contractions by a spasmolytic agent on excised strips 
of rat ileum. The ileum strip was kept at constant temperature (37 i 0.5") 
in an aerated 80-ml glass chamber that was filled to 70 ml with a Tyrode 
bathing solution and was attached to a myograph transducer connected 
to a physiograph. 


Results-A summary of the experimental data is found in Table IV. 
The svnthesized comDounds were tested as the methylbromide salts. The 
pharmacological data demonstrated that the racemic IIa structural iso- 
mer was more active than the corresponding (*)-I10 isomer, which was 
in accord with previous results (9). 


The data pertinent to (t)-IIa, (-)-IIa, (t)-IIIa, and (-)-IIIa indicated 
that, relative to atropine sulfate, the first two compounds possessed 
higher antimuscarinic potency than the latter two and that (-)-IIa and 
(+)-Ha were equipotent. On the other hand, (-)-IIIa was more active 
than (+)-IIIa, demonstrating enantiomeric potency ratios of 1.61 and 
1.79 when urecholine and carbachol were used, respectively, as spasmo- 
gens. However, these data were not consistent with Pfeiffer's rule (211, 
which states that the more active compounds should possess a higher 
degree of stereospecificity. 


Recent reports (13,14,22) elaborated on the fact that minor structural 
changes in a compound produce unusually large differences in affinity 
which cannot be ascribed simply to the binding or failure to bind of one 
group. These studies illustrated the need to consider the effect of a new 
group on the binding of the rest of the molecule with the receptor since 
it may force a realignment of other important functional groups. This 
concept can account for the difference in activity between ( i ) - I Ia  and 
(i)-II@. The a-methyl group in (&)-Ha demonstrated an overall positive 
contribution regardless of whether it produced the preferred conforma- 
tion or supplied an additional site for a greater interaction with the re- 
ceptor. 


The activities of the enantiomers, (+)-IIa, (-)-Ha, (t)-IIIa, and 
(-)-I&, may be discussed similarly, since it has been reported (14) that 
differences in stereospecificity arise from greater disturbances in the 
binding of one enantiomer than in the other corresponding one. 


Compounds (-)-IIIa'and (+)-I& possess an unsymmetrical flatum- 
brella-like moiety at  one end of the molecule while (-)-Ha and (+)-IIa 
possess a symmetrical one. If the theory that the receptor demonstrates 
selective affinity for the phenyl and 2-pyridyl functions is invoked as in 
the study where the effect of a cyclohexyl group was compared with a 
phenyl group (22), a change in the overall conformation of (+)-IIa and 
(-)-IIa would not affect the binding with the receptor, but this would 
not be the case with ( t ) - I I Ia  and (-)-IIIa. 


Therefore, the absence and presence, respectively, of enantiomeric 
potency ratios in (-)-IIa, (-+)-Ha, (-)-IIIa, and (+)-IIIa may be ra- 
tionalized on the basis that the a-methyl group alters the overall binding 
of the molecule with the receptor. In (+)-IIa and (-)-Ha, the alteration 
did not demonstrate a significant enantiomeric potency ratio, since the 
opposite end of the molecule consisted of a symmetrical umbrella-like 
moiety. On the other hand, a significant one was observed in (-)-IIIa and 
(t)-I&, since they possess an unsymmetrical umbrella-like moiety. This 
observation, however, is not in complete agreement with the study con- 
cluding that an a-methyl group contributed considerably to antiacetyl- 
choline potency but that the contribution was not dependent on stereo- 
chemistry (23). 
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In view of existing evidence, it appears that a methyl group alpha to 
the alkylamino function influences anticholinergic activity. Furthermore, 
the postulated ability of this group to alter the orientation between the 
molecule and the receptor should further substantiate the premise that 
the binding of an important moiety of an antagonist may be affected 
considerably by modifying other parts of the same molecule. 
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Chelates of Dicumarol I: Preparation and 
Structure Identification of Magnesium Chelate 


LYLE D. BIGHLEY and R. J. SPIVEY * 


Abstract A magnesium chelate of dicumarol was prepared by reacting 
a suspension of dicumarol and magnesium oxide in 50% water-methanol. 
GLC, thermogravimetric, and elemental analyses showed that this 
compound has a 2 1  ligand-metal stoichiometry with 2 moles of water 
associated with the complex. Although the chelate does not melt, two 
endothermic peaks at  205 and 274’ were observed in the thermogram, 
in contrast to a single endothermic peak corresponding to a melting point 
of 288O for dicumarol. IR spectroscopy indicated that the magnesium is 
bonded between the carbonyl at C-2 and the oxygen at  C-4’ (or vice 
versa). 


Keyphrases Dicumarol-chelate with magnesium prepared, structure 
elucidated 0 Chelates-dicumarol-magnesium, prepared, structure 
elucidated Magnesium-chelate with dicumarol prepared, structure 
elucidated 0 Metals-magnesium, chelate with dicumarol prepared, 
structure elucidated 0 Anticoagulants-dicumarol, chelate with mag- 
nesium prepared, structure elucidated 


-~ 


Dicumarol [3,3’-methylenebis(4-hydroxycoumarin)] (I) 
is an oral anticoagulant utilized for the prevention and 
therapy of thromboembolic vascular disease. However, 
many problems are associated with its use: concomitant 
administration with certain drugs can inhibit or potentiate 


its anticoagulant effect (l), it is slowly and erratically ab- 
sorbed from tablet dosage forms (2), and its bioavailability 
from tablets depends on the type and amount of excipients 
in the formulation (3). 


Reported bioavailability differences from various tablet 
formulations provided the stimulus for a study of potential 
solid-solid interactions between I and various metal- 
containing excipients (4). Chemisorption of I occurred with 
several excipients, but the interaction with the magne- 
sium-containing excipients was postulated to be chela- 
tion. 


In subsequent studies (5,6) in dogs and humans, con- 
comitant administration of I with magnesium-containing 
adjuvants resulted in faster and more complete drug ab- 
sorption, These investigators postulated that the enhanced 
bioavailability may be due to chelate formation within the 
GI tract. 


This investigation was undertaken to prepare, isolate, 
and study the physicochemical properties and bioavail- 
ability of the magnesium chelate of dicumarol. This report 
details the preparation, stoichiometry, and structure 
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safely carried out in the presence of crataegus extract and other alkaloids 
such as papaverine, strychnine, morphine, and atropine. 


Although the proposed reactions are specific for quinine and quinidine, 
a TLC procedure is necessary for cinchona preparations to separate 
quinine and quinidine and to eliminate other interfering constituents. 
The four main cinchona alkaloids showed good separation; the Rf values 
of quinine, quinidine, cinchonine, and cinchonidine were 0.18,0.44,0.55, 
and 0.41, respectively. 


Ammonium hydroxide was not capable of releasing quinine base from 
the dipyrone-quinine salt, while sodium hydroxide solution was satis- 
factory. 


The proposed methods also were applied successfully to the recovery 
of quinine and quinidine from blood and urine with reproducible results. 
With blood, because of the small concentration of the alkaloids present, 
only the more sensitive erythroquinine method was adopted. 


Good recoveries at different concentrations and spiking and reasonable 
standard deviations were obtained with dosage forms and biological fluids 
by the erythroquinine and thalleioquin methods (Tables 1-111). 


To obtain protein-free aqueous filtrates from blood and urine, the 
samples were digested with hydrochloric acid to liberate strongly con- 
jugated alkaloids. Hydrochloric acid digestion was preferable to other 
procedures. 
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High-pressure Liquid Chromatographic Determination of 
Tetracyclines in Urine 


J. P. SHARMA *, G. D. KORITZ *, E. G. PERKINS $, and 
R. F. BEVILL*X 


Abstract 0 The quantitation of oxytetracycline, tetracycline, and 
chlortetracycline was accomplished by high-pressure liquid chroma- 
tography using an anion-exchange column. The tetracyclines were ex- 
tracted from urine as their calcium complexes. Concentrations as low as 
12 jtg of oxytetracycline/ml and 4 jtg of tetracycline and chlortetracy- 
cline/ml were quantitated accurately. The relative standard deviation 
of the method varied from 0 to 5%. 


Keyphrases Oxytetracycline-high-pressure liquid chromatographic 
analysis, urine Tetracycline-high-pressure liquid chromatographic 
analysis, urine Chlortetracycline-high-pressure liquid chromato- 
graphic analysis, urine High-pressure liquid chromatography-anal- 
yses, oxytetracycline, tetracycline, and chlortetracycline in urine An- 
tibacterials-oxytetracycline, tetracycline, and chlortetracycline, high- 
pressure liquid chromatographic analyses, urine 


To establish the urinary excretion rate of tetracyclines 
in the urine of cattle, sheep, and swine following intrave- 
nous drug administration, an accurate method for the 
quantitation of oxytetracycline, tetracycline, and chlor- 
tetracycline was required. TLC (1-5) and paper chroma- 


tographic (6-9) methods were laborious and lacked suffi- 
cient sensitivity and accuracy. One GLC method (10) re- 
quired the formation of trimethylsilyl derivatives and 
sometimes resulted in the formation of tetracycline deg- 
radation products. None of the previously reported fluo- 
rometric methods (11-14) could be used due to large and 
variable amounts of fluorescent material in urine obtained 
from untreated control animals. 


Several high-pressure liquid chromatographic (HPLC) 
methods for the separation and determination of tetra- 
cyclines have been reported. A low efficiency column 
packing was used for the separation of tetracyclines, but 
the method lacked the sensitivity required for analysis of 
biological samples (15). The experimental conditions re- 
quired for the qualitative separation of several tetracy- 
clines were discussed (16), but the quantitative utility of 
this method was not reported. Several reports (17,18) did 
not include oxytetracycline. The purpose of this study was 
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Figure 2-UV absorption spectrum of tetracycline (- -), oxytetracy- 
cline (--), and chlortetracycline f- - -) in Mobile Phase A .  


and centrifuged, and aliquots (8 pl) of the upper layer were injected on 
the column. An average response factor was calculated from the ratio of 
the peak heights produced by the sample drug and the internal standard 
as follows: 


Hs wstd response factor ( f )  = - x - 
Hetd Ws (Eq. 1) 


where H,/Hstd is the ratio of the peak heights of the sample drug to the 
internal standard, and WstdlWs is the weight ratio of the internal stan- 
dard to the sample drug. 


Urine samples containing variable amounts of the sample drug were 
spiked with known amounts of the internal standard and prepared for 
injection as previously described. Following injection of the urine extracts, 
the amount of sample drug was calculated using: 


R X WbM 
f 


amount = - (Eq. 2) 


where R is the ratio of peak heights of the unknown amount of sample 
drug to the known amount of internal standard (Wid).  


1 I, O.IIpg A I 0 


I I 


I 1 I 
0 5 l@ 0 5 10 


RETENTION TIME, rnin 
Figure 3 4 A )  Elution of oxytetracyctine ( 2 )  and tetracycline (2) 
standards with Mobile Phase A. (B) Elution of tetracycline ( I )  and 
chlortetracycline (2) standards with Mobile Phase B. (C) Chromatogram 
of swine urine extract blank with Mobile Phase A showing only the 
solvent peak (1). (D) Chromatogram of the extract of swine urine spiked 
with 50 of oxytetracyclinelml(2) and 50 pg of tetracyclinelml(3) with 
Mobile Phase A .  Peak 1 is the solvent peak. 
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Table I-Determination of Tetracyclines in  Swine, Sheep, and Cattle Urine 
Average Amount Amount Recovery, % 
Response Spiked, Recovered, (Aver age 


Tetracycline Factor d m l  d m l  Recovery, %) f RSD", % 


12.8 
30.0 30.5 
50.0 51.5 


Tetracycline 


Chlortetracycline 


Oxytetracycline 


Tetracycline 


Chlortetracycline 


Oxytetracycline 


Tetracycline 


0.964 (f0.006) 


0.263 (fO.019) 


0.999 (rt0.015) 


0.997 (10.017) 


0.249 (rt0.015) 


70.0 68.5 


4.3 
37.0 
62.0 
87.0 


7.0 
44.0 
73.0 


103.0 


17.0 
66.0 
93.0 


5.7 
35.0 
77.0 


101.0 


9.0 
49.0 
59.0 
74.0 


4.4 
36.5 
60.0 
89.5 


7.3 
49.0 
73.0 


104.0 


%f 
61.0 
91.0 


5.8 
36.5 
77.5 


102.0 


8.6 
51.0 
64.0 
71.0 


&t& 
1.315 (rt0.007) 20.0 19.4 


66.0 65.5 
133.0 134.5 


0.856 (f0.003) 7.5 7.8 
39.0 40.0 
72.0 72.5 


Chlortetracycline 0.298 (f0.014) 10.0 9.3 
49.0 46.5 


99.2 
107.6 
103.0 
91.8 


(101.9) 
102.3 
98.6 
96.7 


102.8 
(100.1) 
104.2 
11 1.3 
100.0 
100.9 


(104.1) 


101.1 
92.4 
97.8 


(97.1) 
101.7 
104.2 
100.6 
100.9 


(101.8) 
95.5 


104.0 
108.4 
95.9 


(100.9) 


97.0 
99.2 


101.1 
(99.1) 
104.0 
102.5 
100.6 


(102.3) 
93.0 
94.8 


2.3 
2.2 
1.3 
1.0 


0.5 
1.9 
0.0 
0.8 


2.3 
2.8 
1.9 
2.7 


2.2 
5.0 
2.3 


5.4 
4.5 
3.8 
2.0 


0.3 
2.1 
5.4 
1.9 


0.5 
1.0 
0.5 


1.2 
2.0 
0.9 


0.3 
1.5 


59.0 63.0 106.7 4.4 
74.0 74.0 100.0 2.8 


(98.6) 


0 Duplicate samples were analyzed at each concentration. 


RESULTS AND DISCUSSION 


Tetracyclines form extractable complexes with Ca2+ when combined 
in a weakly basic medium (11,19). A series of aqueous samples containing 
30 wg of tetracycline/ml were adjusted to different pH values, from 6 to 
11, with hydrochloric acid or sodium hydroxide and extracted with equal 
volumes of ethyl acetate. The extraction efficiency was determined by 
comparing the peak heights obtained after equal volumes of the aqueous 
and organic phases from each sample were injected. The extraction profile 
is presented in Fig. 1. Optimum extraction of tetracycline was obtained 
at  pH 8.5-10 and was the same for other tetracyclines. 


Extraction of urine samples was preceded by a deproteinization step 
using 40% trichloroacetic acid. During this process, 10-20% of the tetra- 
cyclines present in the urine sample was lost. Greater losses occurred 
during the deproteinization of cattle urine, whereas the losses associated 
with the deproteinization of swine urine were lower. Following depro- 
teinization, the urine was adjusted to pH 9.0-9.5 with sodium hydroxide 
and 0.5 M barbital sodium. The extraction of oxytetracycline from the 
urine of cattle, sheep, and swine varied from 65 to 7296, but greater ex- 
traction efficiencies (98-99%) were realized with tetracycline and 
chlortetracycline. The extraction of all three drugs was reproducible, and 
no deterioration of the extracted calcium complexes was noted during 
the first 10 hr following their partition into ethyl acetate. 


UV spectroscopy at  254 and 280 nm was used previously for the de- 
tection of tetracyclines (15-17). In the present study, ethyl acetate (UV 
cutoff 260 nm) produced a pronounced solvent peak at  254 nm which 
interfered with the determination of oxytetracycline. Similar complica- 
tions were encountered when monitoring was performed at  280 nm as a 


result of the extraction of UV-absorbing components in urine simulta- 
neously eluting with the tetracyclines. To circumvent these problems, 
375 nm was selected on the basis of the UV spectra presented in Fig. 
2. 


Two solvent systems were required to reduce the elution time of each 
tetracycline and to provide for separation of the sample drug and the 
internal standard. Oxytetracycline, tetracycline, and chlortetracycline 
were separated with Mobile Phase A, but the retention of chlortetracy- 
cline was prolonged. Chlortetracycline and tetracycline were separated 
and the chlortetracycline retention time was greatly reduced with Mobile 
Phase B, but oxytetracycline eluted with the solvent front. 


On the basis of these findings, oxytetracycline was quantitated in 
Mobile Phase A using tetracycline as an internal standard (Fig. 3A). 
Mobile Phase B was used for the quantitation of tetracycline and chlor- 
tetracycline with either of the two drugs serving as an internal standard 
(Fig. 3B). The solvent peak, which appeared when urine extracts were 
injected (Fig. 3C), was well separated from sample peaks (Fig. 3D) irre- 
spective of the use of Mobile Phase A or B. The results of the determi- 
nation of the three tetracyclines in swine, sheep, and cattle urine are 
presented in Table I. The relative standard deviation of the method 
ranged from 0 to 5%. 
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Drug Interactions with Isoniazid Metabolism in Rats 


BARRY H. THOMAS and GNANAPRAKASAM SOLOMONRAJ 


Abstract 0 14C-Isoniazid (20 mg/kg PO or iv) was administered alone 
or in combination with aspirin (100 mg/kg PO), rifampin (30 mg/kg PO), 
ethambutol (100 mg/kg PO), or ethanol (3 g/kg PO) to rats. In another 
experiment, phenobarbital sodium (40 mgikglday ip) was administered 
for 3 days prior to isoniazid. Aspirin and ethanol retarded the rate of 
isoniazid absorption from the GI tract. None of the drugs significantly 
altered the I4C-elimination rate from the blood over the first 4 hr. A tissue 
distribution study showed that changes in the blood levels produced by 
ethanol were reflected in the other tissues. When isoniazid was given 
intravenously, ethanol increased the amount of carbon-14 excreted in 
urine up to 24 hr after dosing; no other changes were observed in the total 
carbon-14 recovered in urine. Aspirin inhibited the conjugation of iso- 
nicotinic acid with glycine. Ethanol increased N-acetylisoniazid excretion 
and decreased isonicotinic acid excretion. None of the other treatments 
had more than a slight effect on isoniazid metabolism. Acute doses of 
isoniazid failed to produce any signs of hepatotoxicity, as judged by 
measurement of serum transaminase levels. The data do not suggest that 
any of the drugs studied are likely to potentiate the hepatotoxicity of 
isoniazid when administered acutely. Isoniazid metabolism in rats dif- 
fered quantitatively from that reported for humans. 


Keyphrases 0 Isoniazid-absorption, tissue distribution, excretion, 
and metabolism, effect of aspirin, rifampin, ethambutol, ethanol, and 
phenobarbital, radiochemical analysis, rats 0 Absorption-isoniazid, 
effect of various drugs, radiochemical analysis, rats Distribution, tis- 
sue-isoniazid, effect of various drugs, radiochemical analysis, rats 0 
Excretion-isoniazid, effect of various drugs, radiochemical analysis, rats 


Metabolism-isoniazid, effect of various drugs, radiochemical analysis, 
rats Radiochemistry-analysis, isoniazid, effect of various drugs on 
absorption, tissue distribution, excretion, and metabolism, rats 0 In- 
teractions, drug-isoniazid, absorption, tissue distribution, excretion, 
and metabolism, effect of aspirin, rifampin, ethambutol, ethanol, and 
phenobarbital, radiochemical analysis, rats Antibacterials, tubercu- 
lostatic-isoniazid, absorption, tissue distribution, excretion, and me- 
tabolism, effect of various drugs, rats 


Interest in the metabolism and toxicity of isoniazid was 
aroused by the death of two patients and the development 
of clinical hepatotoxicity in 17 others in 1970 following an 
isoniazid chemoprophylactic program (1). Furthermore, 
the antituberculous drug rifampin increased the incidence 


of hepatotoxicity in humans when given with isoniazid (2). 
This same association was observed in rats (3). 


Recently, it was shown that metabolism by the micro- 
soma1 mixed function oxidase system is responsible for 
isoniazid hepatotoxicity (4). It was suggested that it is 
necessary to acetylate isoniazid before it can be a substrate 
for the toxication pathway. The purposes of this study were 
to screen drugs likely to be taken by tuberculous patients 
and to observe their influence on isoniazid metabolism as 
a clue to possible toxic drug interactions. 


EXPERIMENTAL 


[14C-Carboxyl]-isoniazid1 had a specific activity of 11.3 mCi/mmole 
and a radiochemical purity of 96-97%, as determined in two paper 
chromatography and two TLC systems. Aspirin2, ethambuto13, rifampin4, 
phenobarbital sodium5, and absolute ethanol6 were obtained commer- 
cially. 


Male Wistar rats7, 170-200 g, were deprived of food but not water for 
16 hr prior to dosing and were housed in metabolism cagess that separated 
urine and feces. In most experiments, 14C-isoniazid was given orally a t  
a dose of 20 mghg  in 10 ml of water/kg. In one experiment, I4C-isoniazid 
was given intravenously into the saphenous vein a t  a dose of 20 mg/kg 
in 1.0 ml/kg. The dose of carbon-14 in all experiments was 25 pCihg. 


Aspirin (100 mg/kg) in 0.25% gum tragacanth, ethambutol(100 mg/kg), 
rifampin (30 mg/kg), and ethanol (3 ghg)  were given orally immediately 
prior to the dose of isoniazid in 10 ml of water/kg. Phenobarbital sodium, 
40 mg/kg/day ip, was administered for 3 days prior to isoniazid. Control 
animals were dosed similarly with saline for 3 days. 


Duplicate 10-p1 blood samples were collected from the tail a t  0.25,0.5, 
1.0, 2.0,3.0,4.0,6.0, and 12 hr after dosing using calibrated capillary tubes. 
The total carbon-14 in the samples was determined by digestion and 


* Amersham/Searle, Oakville, Ontario, Canada. 
J. T. Baker Chemical Co., Philli sburg, N.J. 
Myambutol, Cyanamid of Canatla, Montreal, Quebec, Canada. 
Rimactane, Ciba-Geigy Canada Ltd., Dorval, Quebec, Canada. 


Consolidated Alcohols Ltd., Toronto, Ontario, Canada. 
5 B.D.H. Canada Ltd., Toronto, Ontario, Canada. 


1 Woodlyn Farms, Guelph, Ontario, Canada. * Model 4-640-000, Acme Research Products, Cincinnati, Ohio. 


1322 /Journal of Pharmaceutical Sciences 








(2) L. G. Abood and 3. H. Biel, Int. Rev. Neurobiol., 4,218 (1962). 
(3) L. G. Abood, A. Astfeld, and J. H. Biel, Arch. Int. Pharmacodyn. 


Ther., 120,186 (1959). 
(4) L. G. Abood and L. J. Meduna, J.  Neru. Ment. Dis., 127,546 


(1958). 
(5) D. C. English, J. Neuropsychiat., 3,304 (1962). 
(6) L. G. Abood and F. Rinaldi, Psychopharrnacologia, 1, 117 


(1959). 
(7) K. Egli, Master’s thesis, University of Minnesota, Minneapolis, 


Minn., 1973. 
(8) M. W. Anders and G. J. Mannering, Mol. Pharmacol., 2, 219 


(1966). 
(9) L. F. Zerilli, A. Cometti, N. Rimorini, and G. G. Gallo, in “Pro- 


ceedings of the International Symposium on Gas Chromatography Mass 


Spectrometry,” At Friger.io, Ed., Elba, Italy, 1972. 
(10) J. M. Meola and M. Vanko, Clin. Chem., 20,184 (1974). 


ACKNOWLEDGMENTS AND ADDRESSES 
Received May 20, 1976, from the *College of Pharmacy and the 


*College of Biological Sciences, Uniuersity of Minnesota, Minneapolis, 
MN55455. 


Accepted for publication August 18,1976. 
Supported in part by a grant from the research funds provided by the 


The authors also thank the Samuel W. Melendy Summer Fellowship 
Graduate School of the University of Minnesota. 


for financial support to C.-H. Chen. 
To whom inquiries should be directed. 


Effects of Agitation on Size Distribution of 
Particulate Matter in Large-Volume Parenterals 


JAMES BLANCHARD x, JOHN A. SCHWARTZ, and DALE M. BYRNE * 


Abstract 0 The particle-size distributions of six types of large-volume 
parenterals subjected to different degrees of agitation were determined 
using an automatic particle counter. Data acquired from each solution, 
which had been maintained in a stored condition, subjected to agitation 
by inverting 20 times, and then mechanically shaken for 30 min, produced 
a linear relationship between log N>D and log I). Both the slope ( K )  and 
the number of particles per milliliter exceeding 1 pm in diameter ( N > l )  
exhibited a dependence on the degree of agitation. Their combined effect 
indicates that agitation by 20 hand inversions removed particulate matter 
from the surface of the container, which increased the total number of 
particles in solution (>1 pm) but did not significantly alter the relative 
size distribution. Agitation for 30 min, however, disintegrated agglom- 
erates and produced a particle-size distribution with a greatly increased 
number of particles whose diameters were less than 1 pm and a corre- 
sponding decrease in the number of particles exceeding 1 pm in diameter. 
The particle-size distribution of a parenteral solution determined by this 
in situ instrumental method was, therefore, dependent upon the degree 
of agitation to which the parenteral was subjected prior to examina- 
tion. 


Keyphrases 0 Particle-size distribution-various large-volume par- 
enterals, effect of different degrees of agitation 0 Parenterah, large 
volume-particle-size distribution, effect of different degrees of agitation 


Dosage forms-various large-volume parenterals, particle-size dis- 
tribution, effect of different degrees of agitation 0 Agitation-effect on 
particle-size distribution of various large-volume parenterals 


Particulate matter was defined as “extraneous, mobile, 
undissolved substances, other than gas bubbles, uninten- 
tionally present in parenteral solutions” (1). In a previous 
report, efforts to compare and contrast the ability of five 
methods to monitor the levels of particulate matter were 
described (2). During this investigation, it became ap- 
parent that the automatic particle counter was suitable for 
the rapid determination and sizing of particulate matter. 
This instrument’s ability to provide a reasonably accurate 
determination of the particle-size distributions present in 
large-volume parenterals was comparable1 to the mem- 
brane filtration and microscopic examination technique 


‘ J. Blanchard, J. A. Schwartz, and D. M. Byre, to be published. 


utilized in the recently adopted USP-NF standard (1). 
Some difficulties previously were noted in determining 


the actual levels of particulate matter of a given size 
present in parenterals. Ernerot et al. (3), who utilized a 
destructive counting procedure, reported that the parti- 
cle-size distribution in a parenteral solution at a given time 
was largely dependent upon the degree of agitation the 
solution had previously received. By its very nature, a 
destructive counting technique introduces a certain 
amount of shear force upon the particles in the solution, 
thereby altering the initial distribution of particles. This 
shear force introduced by the measuring technique itself 
would be eliminated by a nondestructive technique, since 
it would not be necessary to remove the solution from its 
container. Therefore, a nondestructive in situ technique 
that does not impose any additional shear force on the 
particles in a solution woald be ideally suited for charac- 
terizing the effects of agitation on particle-size distribu- 
tions in parenteral solutions. 


Some recent reports gave conflicting accounts of the 
importance of the effects of agitation. Groves (4) attributed 
the increase in particle counts observed (3) to the presence 
of air bubbles generated during the agithtion procedure. 
Ernerot (5) refuted this argument and identified the dis- 
integration and flocculation of particles as the true sources 
‘of the variation in particle counts following agitation. 
Blaug and Sarabia (6) noted that the particle counts re- 
corded using an electronic particle counter were the same 
for samples taken from intravenous bottles at rest or from 
the same bottles shaken immediately prior to sampling. 
Since destructive particle counting techniques were used 
in these investigations, it is difficult to draw definitive 
conclusions regarding the actual effects of agitation. 
Therefore, a major goal of this study was to examine more 
definitively the effects of agitation on the particle-size 
distribution in large-volume parenterals utilizing a non- 
destructive instrumental technique. 
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Table I-Effect of Agitation on the Average Size Distribution Characteristics of Large-Volume Parenteral Solutions 


Average“ Number of 
Particles per Milliliter >1 pm 


Average Slope (K) .  
of log-log Plot f SE Type of Solution Degree of Agitation 


Dextrose, 5% in half-strength normal salineb Storage 235.5 -3.1445 f 0.8328 
20 inversions 495.2 -2.9704 f 0.1111 
30-min shake 336.1 -3.2988 f 0.8381 


Normal salinec Storage 559.5 -3.3050 f 0.4240 
20 inversions 686.6 -2.7139 f 0.4143 
30-min shake 454.5 -3.7144 f 1.0690 


Dextrose, 5% in multiple electrolyte solutiond Storage 1022.4 -3.1047 f 0.7970 
20 inversions 1710.1 -2.4779 f 0.5774 
30-min shake 867.4 -3.1315 f 0.9748 


Dextrose, 5% in normal salinee Storage 838.0 -3.1239 f 0.1581 
20 inversions 784.2 -3.5116 f 0.2869 
30-min shake 808.5 -3.8292 f 0.2384 
Storage 869.0 -2.8606 f 0.4505 
20 inversions 1090.0 -2.8929 f 0.3545 


-3.0351 f 0.5778 30-min shake 1025.2 
Dextrose, 5% in lactated Ringer’s solutions Storage 590.5 -2.7193 f 0.2445 


20 inversions 813.5 -2.9037 f 0.2166 
30-min shake 737.8 -2.9229 f 0.4822 


Dextrose, 5% in waterf 


Average of three bottles. * Lot A4N265A. c Lot A5A130B. d Dextrose, 5% in Isolyte M, Lot A5E302C. Lot A5C047C. 1 Lot A5C239B. g Lot A5E483B. 


EXPERIMENTAL 


Large-volume parenteral solutions2 (1000 ml) were inspected using an 
automatic particle counter3. The six types of commercially available 
solutions examined were chosen on the basis of their extensive use in 
clinical practice (Table I). 


The particle counter utilized is capable of detecting particles as small 
as 1 pm in diameter. Solutions were examined by the automatic particle 
counter in the manner previously described (2). The number of particles 
per milliliter exceeding the following diameters was determined 1.000, 
1.259,1.585,1.995,2.512,3.162,3.981,5.012,and6.310pm. These diam- 
eters were chosen to facilitate data analysis since their logarithms are 
equally spaced. Starting at  1 pm, particle counts were recorded at suc- 
cessively increasing threshold settings until a given setting produced 10 
readings whose average was less than 10 particles/ml. This value was 
chosen to ensure statistical accuracy and to limit the instrumental error 
resulting from the fact that this instrument displays the truncated, rather 
than the rounded, version of the number of particles counted (2). 


Triplicate samples of each of the six types of large-volume parenterals, 
stored in an undisturbed condition for 65 days, were gently placed in 
position on the instrument for counting. After completion of the readings 
on the stored solutions, each bottle was agitated by being inverted, 
end-over-end, 20 times. This degree of agitation was chosen to conform 
with the degree of agitation used in the recently instituted compendia1 
standard technique (1). These inversions were performed by the same 
individual to obtain a uniform degree of agitation from bottle to bot- 
tle. 


Upon completion of this set of readings, each bottle was then shaken 
for 30 min at 140 excursions/min on a mechanical agitator4. After each 
agitation procedure, the bottles sat undisturbed on the measuring plat- 
form of the instrument for a minimum of 45-60 sec before any readings 
were recorded. This time period was reported to be adequate to ensure 
that air bubbles introduced even under “severe” agitation conditions 
would not be counted by this instrument (7,8). The present data support 
these observations. 


RESULTS AND DISCUSSION 


The particle-size distributions in parenteral solutions often can be 


logN>o=KlogD +logN>i (Eq. 1) 
where N>D is the number of particles per milliliter with a diameter larger 
than D, N>1 is the number of particles per milliliter with a diameter larger 
than 1 pm, D is the particle diameter in micrometers, and K is equal to 
the slope of a plot of log N>D uersus log D. This equation was used to 
characterize the particle-size distributions of the parenteral solutions 
to determine the effects of agitation on particle-size distributions. 


The effects of different degrees of agitation on the measured particle 


described’ by a straight-line equation of the form: 


McGaw Laboratories, Glendale, CA 91201. 


Eberbach model 6000, Eberbach Corp., Ann Arbor, MI 48106. 
3 Prototron, model ILI 1000, Spectrex Corp., Redwood City, CA 94063. 


counts in a typical solution are shown in Table 11; only the particle counts 
with diameters greater than 1.000,1.585, and 2.512 pm are represented. 
Values for K,  N>1, and correlation coefficients were calculated from all 
results, provided that a t  least 10 particleslml exceeding a given diameter 
were counted. 


The data in Table I1 for the stored solutions illustrate how the parti- 
cle-size distribution characteristics varied considerably among individual 
samples, as previously noted’. In addition, the effects of agitation on the 
measured particle-size distributions varied from sample to sample. For 
example, 20 inversions of a stored solution caused the particles counted, 
exceeding 1 pm in diameter, to decrease in Solutions C and K and to in- 
crease in Solution G relative to the stored condition. When these same 
solutions were subsequently shaken for 30 min, N>1 decreased for So- 
lutions C and G and increased for Solution K relative to the condition 
in these same solutions following 20 hand inversions. 


The effects of these different degrees of agitation on the slopes of the 
log-log plots also varied between individual samples. For example, 20 
inversions of a stored solution increased the absolute magnitude of the 
slopes for Solutions C and K relative to the stored condition, but that for 
Solution G decreased. When these same solutions were subjected to 30 
min of shaking, the slopes for Solutions G and K increased (i.e., became 
steeper) while the slope for Solution C decreased relative to the condition 
in these same solutions following 20 hand inversions. A close adherence 
to Eq. 1 (indicative of a linear relationship between log N>LJ and log D) 
is apparent for all three individual solutions shown in Table I1 regardless 
of the degree of agitation since the poorest correlation coefficient is 


Due to the variable effects of agitation on particle-size distributions 
among individual solutions (Table 11), the data for each solution type were 
averaged. The averaging of triplicate samples of a given type of solution 
facilitated the discrimination of the effects of agitation on their parti- 
cle-size distributions. The data in Table I clearly indicate certain trends. 
First, the average number of particles per milliliter exceeding 1.000 pm 
in diameter increased upon 20 inversions of a stored solution and then 
decreased when the solution was subsequently shaken for 30 min. Only 
the 5% dextrose in normal saline solution deviated from this trend. 
However, individual samples of 5% dextrose in normal saline exhibited 
some of these trends (Table 11). Second, the average slopes of the log-log 
plots varied throughout the six solution types. Upon 20 inversions of the 
stored solutions, the slopes for three solution types increased while three 
decreased. However, the subsequent 30 min of shaking resulted in an 
increase in all slopes of the log-log plots. 


Finally, the correlation coefficients between log N>D and log D for any 
type of solution were very high, regardless of the degree of agitation, and 
ranged from -0.9257 to -0.9998. These high correlation coefficients show 
that neither the type of solution nor the degree of agitation had any sig- 
nificant effect upon the linearity of the log-log plots. These observations 
differ from those of Ernerot (5) who reported a bend in the log-log plots 
of the particle-size distributions of stored parenterals. 


Since these results and those in another study’ indicated that the ef- 
fects of agitation upon the particle-size distributions and the particle-size 
distributions themselves were independent of the type of solution, the 
data were analyzed without regard to solution type. When the 18 stored 


-0.9815. 
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Table 11-Effect of Agitation on the Size Distribution Characteristics of Individual Large-Volume Parenteral Solutions 


Dextrose, 5% in Degree of Numberb of Particles per Milliliter Slope ( K )  of Correlation Coefficient 
Normal Saline Solutions‘‘ Agitation >1.000 pm >1.585 pm >2.512 pm log-log Plot between log N>D and log D 


Sample C Storage 599.3 122.9 <10 -3.2137 -0.9998 
20 inversions 524.5 147.9 <10 -4.0791 -0.9939 
30-min shake 444.8 141.9 < 10 -3.4268 -0.9963 


Sample G Storage 1105.1 150.6 65.5 -3.3415 -0.9815 
20 inversions 1158.5 274.9 <lo -3.3020 -0.9946 
30-min shake 1123.3 121.3 23.4 -4.2520 -0.9948 


Sample K Storage 968.6 300.5 55.6 -2.8165 -0.9985 
20 inversions 828.7 165.9 43.7 -3.1538 -0.9981 
30-min shake 1126.9 151.6 41.6 -3.8088 -0.9982 


a Lot A5C047C. * Average of 10 readings. 


samples were inverted 20 times, the slopes of the log-log plots of nine of 
the samples increased while the other nine decreased. The values of the 
individual sloDes were analyzed by the Student t-test, and no significant . 


lodged from the inner surface of the container (9) by the relatively mild 
agitation produced by 20 inversions (10). 


However, Ernerot et al. (3) previously noted that one effect of agitation 
difference ( p i  0.5) was observed between the slopes corresponding to 
these two degrees of agitation. When theae bt t les  that had been inverted 
20 times were subjected to an additional 30 min of shaking, 13 of the 18 
individual slopes increased. This increase was significant ( p  < 0.01) by 
the Student t-test. 


A similar analysis of the number of particles exceeding 1 pm in diam- 
eter indicated that, when a stored solution was inverted 20 times, 15 of 
the 18 individual intercepts (log N>1) increased; the subsequent 30 min 
of shaking caused 12 of the 18 individual intercepts to decrease. A Stu- 
dent t-test revealed that these trends were significant at the p < 0.005 
and p < 0.05 levels, respectively. 


Figure 1 illustrates the effects of agitation on K and N>1. Since the 
particle-size distribution was independent of the type of solution, the data 
in Fig. 1 represent the average values of these two parameters for the 18 
solutions. 


When a stored solution was inverted 20 times, two effects were evident 
(Fig. 1). As previously noted, there was no statistically significant change 
in the slope of the log-log plot whereas the intercept increased signifi- 
cantly. These simultaneous effects can be interpreted to mean that there 
is an increase in the number of particles a t  all size ranges measured. The 
origin of these additional particles is most likely particles that are dis- 
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Figure I-Effects of degree of agitation on the slopes and intercepts 
of the log-logplots. Key: A, storage for 65 days; B, 20 hand inversions; 
and C, 30-min shake. 


on a parenteral solution was a disintegration of large agglomerates into 
smaller sized particles. This effect would result in an increase in the in- 
tercept and a steeper slope. Since no significant increase in the slope was 
observed at  this degree of agitation, the predominant effect appeared to 
be the dislodging of particles from the surface of the container whose size 
distribution was similar to those already present in solution. An alter- 
native possibility is that only the larger particles were resuspended by 
the 20 hand inversions and that the process, in addition to resuspending 
these particles, also supplied sufficient shear force to disintegrate them 
into smaller particles whose resulting distribution was similar to the 
existing distribution. 


When the solutions previously subjected to 20 inversions were subse- 
quently shaken for 30 min, there was a significant increase in the slope 
of the log-log plot coupled with a significant decrease in the intercept. 
This decrease in the intercept is obviously indicative of the reduction of 
the total number of particles greater than 1 pm in diameter. The increased 
slope of the log-log plot represents a greater reduction in the number of 
larger sized, relative to smaller sized, particles following 30 min of shaking. 
A logical explanation for these concurrent effects is that the reduction 
in the number of larger sized particles is due to their disintegration caused 
by the high degree of agitation. This agitation, in turn, reduces these 
smaller particles to a size less than 1 pm in diameter, which is below the 
minimum size detectable by the automatic particle counter, causing a 
reduction in the observed intercept value. Since the disintegration of 
particles is the predominant event a t  this degree of agitation, the slope 
increases and the intercept decreases concurrently. 


The health-related implications of these observations are difficult to 
state unequivocally, since the clinical significance of the very presence 
of particulate matter in a parenteral solution has not been proven con- 
clusively. There is some controversy as to the most harmful size of par- 
ticles (9), although one would intuitively suspect that a given number of 
larger sized particles would be potentially more harmful than a like 
number of smaller particles. The comment by Groves (11) that a container 
of parenteral fluid should not be subjected to violent shaking prior to 
injection is therefore somewhat difficult to reconcile. One point that is 
clear is that particle counting procedures should be carried out under 
well-controlled and reproducible conditions utilizing measuring tech- 
niques that do not impose a shear force upon the particles. 
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Actions of Mescaline on Isolated Rat Atria 


PETER K. S. SIEGL and RAYMOND F. ORZECHOWSKIX 


Abstract Mescaline, in concentrations of 5 X and 1 X M ,  
produced negative chronotropic and positive inotropic responses in iso- 
lated, spontaneously beating rat atria. In tissues driven at  a constant rate, 
the inotropic response was diminished greatly, indicating that the in- 
crement in the force of contraction was secondary to the reduction in rate. 
These chronotropic and inotropic responses were not altered consistently 
by pretreatment with the histamine antagonists chlorpheniramine and 
metiamide. 


Keyphrases 0 Mescaline-chronotropic and inotropic effects on isolated 
rat atria 0 Chronotropic effects-mescaline on isolated rat atria 0 Ino- 
tropic effects-mescaline on isolated rat atria 0 Phenethylamines- 
mescaline, chronotropic and inotropic effects on isolated rat atria 0 
Cardiovascular effects-mescaline on isolated rat atria 0 Psychoto- 
mimetics-mescaline, chronotropic and inotropic effects on isolated rat 
atria 


In this study, the effects of mescaline (3,4,5-tri- 
methoxyphenethylamine) on isolated rat atria were ex- 
amined to reveal its possible actions directly on the pace- 
maker and atrial tissue. By the use of histamine antago- 
nists, the invohement of histamine receptors (both HI and 
H2) was examined as a possible mechanism of the in uitro 
cardiac action of mescaline. 


BACKGROUND 


The cardiovascular actions of the psychotomimetic amine mescaline 
were reported previously (1-8). Mescaline consistently evoked brady- 
cardia in several species of animals. Mescaline-induced slowing of the 
frog heart was first observed by Dixon (1); others confirmed this action 
in the dog (2), rabbit, and cat (3). The bradycardia was inhibited by va- 
gotomy or pretreatment with atropine (3); however, other published data 
(1,2,4) challenged these findings. Most evidence favors the conclusion 
that mescaline does not produce an effect on the heart by a vagal reflex 
or cholinergic stimulation. 


Competition for epinephrine receptors by mescaline was proposed (5) 
because both mescaline-induced bradycardia and hypoglycemia in rats 
were reduced upon pretreatment with epinephrine. In another study (6), 
mescaline showed no propranolol-like antagonism of isoproterenol- 
induced relaxation of spontaneously contracting rat uterus. Mescaline 
failed to antagonize isoproterenol-induced positive chronotropism and 
hypotension (4) or to reverse an ethylnorepinephrine depressor response 
(6) in anesthetized dogs. From these data, 8-adrenergic receptor blockade 
by mescaline or one of its metabolites was an unlikely explanation. 


Histamine release or direct stimulation of histamine receptors by 
mescaline might account for the observed bradycardia. Potentiation of 
the hypotensive response to histamine in rats (7) was attributed to in- 
hibition of the histaminolytic action of diamine oxidase by mescaline. 
Dogs receiving an intravenous infusion of mescaline showed (4) increased 
plasma histamine levels and a hypotensive response similar to that pro- 
duced by compound 48/80, a known histamine-liberating substance (9). 


Alteration of respiratory dynamics and elevated right ventricular pres- 
sure, resembling responses to histamine, were observed in the guinea pig 
(8). Attempts to block these effects of mescaline with the antihistamine 
diphenhydramine were unsuccessful (4,8). 


More recent evidence suggested that histamine produced bradycardia 
by a stimulation of histamine receptor subtypes (Hz-receptors), which 
were not blocked by conventional antihistaminic agents such as di- 
phenhydramine (10). The possible interaction of mescaline or mesca- 
line-released histamine with Hz-receptors in the myocardium could be 
evaluated with an Hz-blocker, such as metiamide, in an attempt to con- 
firm or refute this hypothesis. 


EXPERIMENTAL 


Sprague-Dawley rats of both sexes, 250-400 g, were sacrificed by cer- 
vical fracture and the hearts were rapidly removed. Paired atria were 
sectioned from the ventricles with a bridge of tissue joining the two atria. 
For examination of inotropic responses, left atria were electrically driven 
by paired platinum electrodes. Monophasic square wave pulses of 1-msec 
duration were delivered by a stimulator'. Tissues were suspended in a 
10-ml glass tissue bath filled with Krebs-Henseleit solution (11) at a 
constant temperature of 3 5 O  and equilibrated with 95% 02-5% Con. The 
solution pH was adjusted to 7.3. 


A constant resting tension of 1.0 g was maintained throughout each 
experiment. All preparations were allowed to equilibrate for a minimum 
of 50 min with washes a t  10-min intervals prior to drug challenge. Iso- 
metric contractions were measured with a force-displacement transducer' 
and recorded on a polygraph3. A linear tachometer4 was used to record 
changes in heart rate. All drug solutions were prepared daily in Krebs- 
Henseleit solution and expressed as molar concentration of base. 


Dose-Response Curves with Mescaline-To observe chronotropic 
and inotropic responses to mescaline, concentrations of 1 X lo-*, 5 X 


and 1 X 10-3 M mescaline base were generated in a tissue bath 
containing spontaneously beating, paired atria. Heart rate and developed 
tension were recorded as maximum responses within 5 min. To minimize 
possible tachyphylaxis, only two drug challenges per preparation were 
employed. The challenges were separated by three washes and a 15-min 
reequilibration period. Sixteen atrial preparations were tested in this 
manner. All data were reported as the percent change from the pre- 
treatment period and analyzed by Duncan's New Multiple Range Test 
(12). 


The effects of mescaline were studied on separated left and right atria 
of the same heart to determine differences in inotropic responses in both 
the presence and absence of chronotropic responses. Right atria were 
allowed to contract spontaneously, while left atria were electrically driven 
(150% threshold voltage). After a 1-hr equilibration period, the rate of 
electrical stimulation was adjusted to equal the heart rate of the spon- 
taneously contracting right atrium. At 5 mln after the addition of mes- 
caline to the tissue bath, changes in the developed tension for both atria 


I Grass model S48. 
Grass model FT-03. 
Grass model 7B. 
Grass model 7P4-D. 
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Drug Interactions with Isoniazid Metabolism in Rats 


BARRY H. THOMAS and GNANAPRAKASAM SOLOMONRAJ 


Abstract 0 14C-Isoniazid (20 mg/kg PO or iv) was administered alone 
or in combination with aspirin (100 mg/kg PO), rifampin (30 mg/kg PO), 
ethambutol (100 mg/kg PO), or ethanol (3 g/kg PO) to rats. In another 
experiment, phenobarbital sodium (40 mgikglday ip) was administered 
for 3 days prior to isoniazid. Aspirin and ethanol retarded the rate of 
isoniazid absorption from the GI tract. None of the drugs significantly 
altered the I4C-elimination rate from the blood over the first 4 hr. A tissue 
distribution study showed that changes in the blood levels produced by 
ethanol were reflected in the other tissues. When isoniazid was given 
intravenously, ethanol increased the amount of carbon-14 excreted in 
urine up to 24 hr after dosing; no other changes were observed in the total 
carbon-14 recovered in urine. Aspirin inhibited the conjugation of iso- 
nicotinic acid with glycine. Ethanol increased N-acetylisoniazid excretion 
and decreased isonicotinic acid excretion. None of the other treatments 
had more than a slight effect on isoniazid metabolism. Acute doses of 
isoniazid failed to produce any signs of hepatotoxicity, as judged by 
measurement of serum transaminase levels. The data do not suggest that 
any of the drugs studied are likely to potentiate the hepatotoxicity of 
isoniazid when administered acutely. Isoniazid metabolism in rats dif- 
fered quantitatively from that reported for humans. 


Keyphrases 0 Isoniazid-absorption, tissue distribution, excretion, 
and metabolism, effect of aspirin, rifampin, ethambutol, ethanol, and 
phenobarbital, radiochemical analysis, rats 0 Absorption-isoniazid, 
effect of various drugs, radiochemical analysis, rats Distribution, tis- 
sue-isoniazid, effect of various drugs, radiochemical analysis, rats 0 
Excretion-isoniazid, effect of various drugs, radiochemical analysis, rats 


Metabolism-isoniazid, effect of various drugs, radiochemical analysis, 
rats Radiochemistry-analysis, isoniazid, effect of various drugs on 
absorption, tissue distribution, excretion, and metabolism, rats 0 In- 
teractions, drug-isoniazid, absorption, tissue distribution, excretion, 
and metabolism, effect of aspirin, rifampin, ethambutol, ethanol, and 
phenobarbital, radiochemical analysis, rats Antibacterials, tubercu- 
lostatic-isoniazid, absorption, tissue distribution, excretion, and me- 
tabolism, effect of various drugs, rats 


Interest in the metabolism and toxicity of isoniazid was 
aroused by the death of two patients and the development 
of clinical hepatotoxicity in 17 others in 1970 following an 
isoniazid chemoprophylactic program (1). Furthermore, 
the antituberculous drug rifampin increased the incidence 


of hepatotoxicity in humans when given with isoniazid (2). 
This same association was observed in rats (3). 


Recently, it was shown that metabolism by the micro- 
soma1 mixed function oxidase system is responsible for 
isoniazid hepatotoxicity (4). It was suggested that it is 
necessary to acetylate isoniazid before it can be a substrate 
for the toxication pathway. The purposes of this study were 
to screen drugs likely to be taken by tuberculous patients 
and to observe their influence on isoniazid metabolism as 
a clue to possible toxic drug interactions. 


EXPERIMENTAL 


[14C-Carboxyl]-isoniazid1 had a specific activity of 11.3 mCi/mmole 
and a radiochemical purity of 96-97%, as determined in two paper 
chromatography and two TLC systems. Aspirin2, ethambuto13, rifampin4, 
phenobarbital sodium5, and absolute ethanol6 were obtained commer- 
cially. 


Male Wistar rats7, 170-200 g, were deprived of food but not water for 
16 hr prior to dosing and were housed in metabolism cagess that separated 
urine and feces. In most experiments, 14C-isoniazid was given orally a t  
a dose of 20 mghg  in 10 ml of water/kg. In one experiment, I4C-isoniazid 
was given intravenously into the saphenous vein a t  a dose of 20 mg/kg 
in 1.0 ml/kg. The dose of carbon-14 in all experiments was 25 pCihg. 


Aspirin (100 mg/kg) in 0.25% gum tragacanth, ethambutol(100 mg/kg), 
rifampin (30 mg/kg), and ethanol (3 ghg)  were given orally immediately 
prior to the dose of isoniazid in 10 ml of water/kg. Phenobarbital sodium, 
40 mg/kg/day ip, was administered for 3 days prior to isoniazid. Control 
animals were dosed similarly with saline for 3 days. 


Duplicate 10-p1 blood samples were collected from the tail a t  0.25,0.5, 
1.0, 2.0,3.0,4.0,6.0, and 12 hr after dosing using calibrated capillary tubes. 
The total carbon-14 in the samples was determined by digestion and 


* Amersham/Searle, Oakville, Ontario, Canada. 
J. T. Baker Chemical Co., Philli sburg, N.J. 
Myambutol, Cyanamid of Canatla, Montreal, Quebec, Canada. 
Rimactane, Ciba-Geigy Canada Ltd., Dorval, Quebec, Canada. 


Consolidated Alcohols Ltd., Toronto, Ontario, Canada. 
5 B.D.H. Canada Ltd., Toronto, Ontario, Canada. 


1 Woodlyn Farms, Guelph, Ontario, Canada. * Model 4-640-000, Acme Research Products, Cincinnati, Ohio. 
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Table I-Urinary Excretion of Isoniazid Metabolites in  Groups 
of Five Rats Dosed Orally with 14C-Isoniazid (20 mg/kg) and 
Either Saline (Control) o r  Aspirin (100 mg/kg) a 


Treatment 


Metabolite Hours Control Aspirin 


I 0-6 5.08 f 0.49 6.26 f 0.79 
0-12 5.19 f 0.51 6.49 f 1.96 
0-24 5.22 f 0.52 6.76 f 0.64 


I1 0-6 3.99 f 0.68 0 6  
0-12 4.51 f 0.69 0.16 f 0.17b 
0-24 4.90 f 0.70 0.16 f 0.17* 


I11 0-6 14.55 f 1.05 14.52 f 2.79 
0-12 17.21 f 1.22 19.74 f 1.85 
0-24 17.72 f 1.27 21.14 f 1.81 


IV 0-6 32.75 f 2.58 29.64 f 6.43 
0-12 40.11 f 2.10 42.33 f 4.06 
0-24 42.02 f 1.71 44.98 f 3.80 


0 The roportion of each metabolite is ex ressed as a percentage of the isoniazid 
dose. Vafues are means f SE.  p < 0.001 gompared to control). 


liquid scintillation counting as previously described (5). Urine was col- 
lected at 6,12, and 24 hr after dosing, and the total carbon-14 was de- 
termined (5). The metabolites of isoniazid were separated by paperg 
chromatography using 2-propanol-water (85:15) as the solvent as de- 
scribed previously (6,7). The location and quantity of each metabolite 
were determined by serially sectioning the chromatograms into 1-cm 
strips and counting in a liquid scintillation counter. 


The tissue distribution of carbon-14 was studied in groups of rats killed 
by decapitation at  either 0.5 or 3 hr after dosing. The liver, kidneys, lungs, 
brain, skeletal muscle (sample from the hindleg), and blood were col- 
lected. The concentration of carbon-14 was estimated in these tissues as 
previously described (5). 


In a small-scale study of acute hepatotoxicity, isoniazid (50,200, and 
500 mg/kg) was administered orally to groups of three rats. Blood samples 
(0.2 ml) were withdrawn from the tail at 6,12, and 18 hr after dosing for 
estimation of serum glutamic-oxaloacetic transaminase and serum glu- 
tamic-pyruvic transaminase. The transaminases were analyzed by a 
spectrophotometric method (8) using an automatic enzyme analyzerlo. 


Differences between treatment groups were analyzed by the unpaired 
Student t test. When there were several treatments and only one control, 
the significance of the t values was evaluated using Dunnett's method 
(9). The half-lives (Tl/z) of elimination of carbon-14 from blood were 
determined using the regression analysis equations from the literature 
(18G) (10) on a minicomputerll. These same equations were used to test 
for a change in T1/2 between control and treatment groups. 


RESULTS 


Blood Profiles and Urine-Analysis of the blood data indicated the 
presence of two compartments, but it was not possible to define the later 
phase because of insufficient data points. Estimation of carbon-14 in this 
later phase was difficult due to the low counts. Since the urine data 
showed that over 50% of the drug had been excreted in the first 6 hr, this 
period is the most important phase of elimination. 


Paper chromatography of the urine separated the radioactivity into 
three major peaks, one small peak, and several variable minor peaks. All 
corresponded in terms of R, with reported values (6). On the basis of the 
published Rf and concurrently run authentic specimens, one major peak 
was identified as isonicotinic acid (111). On the basis of R, values, the other 
two major peaks were tentatively identified as N-acetylisoniazid (IV) 
and isonicotinoylglycine (11) and the small peak was tentatively identified 
as a-ketoglutaric isonicotinoylhydrazone (I) (Table I). Isoniazid itself 
was present in only trace quantities, as were the two spots due to pyruvic 
acid isonicotinoylhydrazone. 


Aspirin-The blood profile shown in Fig. 1 indicates little effect of 
aspirin on the elimination of carbon-14 from blood. Analysis of the re- 
gression lines between 1 and 4 hr showed no significant differences be- 
tween the two groups, and the calculated Tl/z values12 over this period 
were 1.09 (0.96-1.25) hr for the control group and 1.28 (1.12-1.50) hr for 
the aspirin-treated group. 


Elimination of carbon-14 in urine was rapid and constituted the major 


Whatman No. 1. 
lo Abbott hichromatic analyzer, ABA-100. 
11 Datagen Nova 800. 
l2 The 95% confidence limits are given in parentheses, 
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H O U R S  
Figure 1-Effect of aspirin on  the  blood carbon-14 concentration, ex- 
pressed as micrograms of isoniazid per milliliter of blood. Values are 
means from groups of five rats dosed orally with 14C-isoniazid (20 
mgfkg). Key: 0, isoniazid alone; and X, isoniazid and aspirin (100 
mgfkg) .  


excretion route (control: 0-6 hr, 57.25 f 4.09%; 0-12 hr, 67.97 f 8.69%; 
0-24 hr, 70.93 f 3.00%; and aspirin: 0-6 hr, 50.56 f 8.69%; 0-12 hr, 66.92 
f 5.64%; 0-24 hr, 73.24 f 5.08%). No significant treatment effects were 
observed. Only one of the four metabolites estimated was affected; I1 was 
markedly inhibited by aspirin. 


Rifampin and Ethambutol-These two antitubercular drugs are 
considered together because they were studied on the same day against 
one control group. The blood profiles (Fig. 2) were all similar, with the 
calculated Tl/z values between 1 and 4 hr being 1.23 (1.14-1.33) hr for 
the control group, 1.31 (1.22-1.44) hr for the rifampin group, and 1.40 
(1.28-1.54) hr for the ethambutol group. Neither treatment had a sig- 
nificant effect on the Tllz. 


Elimination of carbon-14 was not affected at any of the times studied, 
and the excretion of isoniazid metabolites (Table 11) was only slightly 
changed by one treatment. Ethambutol reduced the excretion of I11 at 
6,12, and 24 hr. 


Ethanol and Oral Isoniazid-The linear portion of the blood profile 
shown in Fig. 3 is shorter than in the other interactions studied, probably 


Table 11-Urinary Excretion of Isoniazid Metabolites in Groups 
of Three Rats Dosed Orally with 14C-Jsoniazid (20 mg/kg) and 
Saline (Control), Rifampin (30 mg/kg), o r  Ethambutol(100 mg/ 
k d  


Treatment 


Metabolite Hours Control RifamDin Ethambutol 


I 0-6 1.45 f 0.30 2.27 f 0.51 1.38 f 0.07 
0-12 1.72 f 0.24 2.41 f 0.55 1.48 f 0.05 
0-24 1.88 f 0.34 2.46 f 0.50 1.56 f 0.05 


I1 0-6 6.68 f 0.82 6.14 f 0.33 9.14 f 0.92 
0-12 6.99 f 0.76 7.92 f 0.87 9.15 f 0.93 
0-24 7.64 f 0.80 8.61 f 0.94 9.15 f 0.93 


111 0-6 12.52 f 0.94 10.53 f 0.94 9.20 f 0.6LXb 
0-12 14.51 f 0.95 11.28 f 1.02 11.01 f 0.2Z6 
0-24 16.18 f 0.76 12.22 f 1.39 11.56 f 0.2Bb 


IV 0-6 27.54 f 3.02 27.72 f 2.51 29.38 f 3.82 
0-12 33.30 f 4.16 32.73 zt 3.18 37.23 f 4.13 
0-24 37.67 f 3.71 34.83 f 3.47 38.54 f 3.87 


a The roportion of each metabolite is expressed as a percentage of the isoniazid 
dose. VaLes are means f SE. * p < 0.05 (compared to control). 
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Table IV-Urinary Excretion of Isoniazid Metabolites in  Groups 
of Four Rats Dosed Intravenously with ''C-Isoniazid (20 mg/kg) 
and Orally with Either Saline (Control) or Ethanol (3 g/kg)a 


Table 111-Urinary Excretion of Isoniazid Metabolites in 
Groups of Five Rats Dosed Orally with I4C-Isoniazid (20 mg/kg) 
and Either Saline (Control) o r  Ethanol (3 g/kg) 


Treatment 
Metabolite Hours Control Ethanol 


r 0-6 n.97 f 0.17 2.13 f 0.52 . _  
0-12 0.98 f 0.14 2.33 f O.5Ob 
0-24 1.05 f 0.13 2.35 f 0.50b 


I1 0-6 9.00 f 1.09 3.52 f O.8Ob 
0-12 10.44 f 1.07 5.64 f 0.60 
0-24 ii.97 f 1.04 6.21 f 0.61 


I11 0-6 14.19 f 0.79 6.98 f 0.57 
0-12 15.70 f 0.80 9.99 f 0.81 
0-24 17.02 f 0.73 11.22 f 0.83b 


IV 0-6 35.58 f 3.05 40.35 i 4.34 
0-i2 38.85 f 3.21 56.37 f 3.53b 
0-24 42.20 f 2.40 59.27 f 3.78b 


" The roportion of each metabolite is expressed as a percentage of the isoniazid 
dose. Vakes are means f SE. * p < 0.05 (compared to control). 


because of a marked effect during the absorption phase. The concen- 
tration of carbon-I4 was significantly lower in the ethanol-treated group 
at  0.25,0.5, and 1 hr, suggesting that ethanol reduced the isoniazid ab- 
sorption rate. Over the linear 2-4-hr period, the values were 1.26 
(1.09-1.48) hr for the control group and 1.22 (1.05-1.44) hr for the etha- 
nol-treated group. The difference was not significant. At  12 hr, the blood 
concentration of carbon-14 was significantly higher in the ethanol 
group. 


Elimination of carbon-14 into urine was once more unaffected by the 
treatment, but changes were observed in the proportions of the isoniazid 
metabolites (Table 111). Both I1 and 111 were inhibited by ethanol treat- 
ment, but I and IV were increased. These opposing shifts in metabolism 
canceled each other out, resulting in no overall change in renal elimina- 
tion. 


The tissue distribution of carbon-14 at 0.5 and 3 hr after dosing is 
shown in Fig. 4. A t  0.5 hr, the highest concentration was observed in the 
kidneys followed by the lungs. The liver and muscle were close to the 
blood level, and the brain was less than the blood level. In all tissues ex- 
cept the lungs, ethanol reduced the concentration significantly. A t  3 hr, 


O d ! , , ,  I I I I 1 
0 1 2 3 4  6 12 


HOURS 
Figure 2-Effect of rifampin and ethambutol on the blood carbon-14 
concentration, expressed as micrograms of isoniazid per milliliter of 
blood. Values are means from groups of five rats dosed orally with 
'4C-isoniazid (20 mglkg). Key: @, isoniazid alone; X, isoniazid and ri- 
fampin (30 mglkg); and 0, isoniazid and ethambutol(100 mglkg). 


Treatment 


Metabolite Hours Control Ethanol 
I 0-6 1.01 f 0.12 1.62 f 0.41 


0-12 1.16 f 0.15 1.71 f 0.39 
0-24 1.26 f 0.15 1.72 f 0.39 


I1 0-6 3.38 f 1.59 4.82 f 0.60 
0-12 5.06 f 1.87 5.67 f 0.65 
0-24 5.88 f 1.94 6.24 f 0.66 


I11 0-6 14.75 f 2.01 10.87 f 0.34 
0-12 17.18 f 1.81 12.09 f 0.36b 
0-24 18.31 f 1.91 12.94 f 0.40b 


I V  0-6 34.04 f 1.23 47.27 f 1.37 
0-12 42.55 f 2.50 53.20 f 1.05b 
0-24 44.87 f 2.29 55.59 f 1.00b 


The proportion of each metabolite is expressed as a percentage of the isoniazid 
dose. Values are means f SE. p < 0.02 (compared to control). 


the effect of ethanol was essentially the same, but the reduction was then 
significant in the lung and not in the kidney tissues. All tissue concen- 
trations were substantially lower at 3 than 0.5 hr, except for the brain 
where the decline was not as great. 


Ethanol and Intravenous Isoniazid-Since some significant changes 
were observed with ethanol, most likely including an effect on absorption, 
it was decided to give isoniazid intravenously. The blood profile (Fig. 5) 
shows little indication of any effect of ethanol on elimination. The T I A  
values over 1-4 hr were 1.19 (1.07-1.33) hr for the controls and 1.18 
(1.08-1.29) hr for the ethanol group. At  2 hr, the carbon-14 concentration 
was significantly higher in the ethanol group than in the controls, but this 
effect was the only significant one. 


Urinary elimination was similar in magnitude to that observed after 
oral dosing (controls: 0-6 hr, 51.45 f 9.02%; 0-12 hr, 71.42 f 2.26%; 0-24 
hr, 75.92 f 2.11%; and ethanol treated: 0-6 hr, 64.17 f 6.70%; 0-12 hr, 
79.79 f 2.11%; 0-24 hr, 83.68 f 2.68%), but in this case ethanol signifi- 
cantly (p < 0.05) increased the amount excreted at  12 and 24 hr. This 
effect may be related to a significant increase in urine volume in the 
ethanol-treated group during 0-6 hr (controls: 1.78 f 0.17 ml; and ethanol 
treated: 3.64 f 0.27 ml; p < 0.001). However, by 12 hr, the difference was 


0.1 1 ,  , , ,  I , I I 1 
0 1 2 3 4  6 12 


HOURS 
Figure 3-Effect of ethanol on the blood carbon-14 concentration, ex- 
pressed as micrograms of isoniazid per milliliter of blood. Values are 
means from groups of five rats dosed orally with 14C-isoniazid (20 
mglkg). Key: @, isoniazid alone; and X, isoniazid and ethanol (3 g/ 
kg) . 
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Table V-Urinary Excretion of Isoniazid Metabolites in  Six Rats 
Dosed with Phenobarbital Sodium (40 mg/kg ip) for  3 Days and 
in Four Control Rats that Received Similar Doses of Saline; All 
Rats Were Dosed Orally with I4C-Isoniazid (20 mg/kg) on the 
Following Day a 


Treatment 


Metabolite Hours Control Phenobarbital 


I 0-6 1.72 f 0.71 1.01 60.44 
0-12 2.00 f 0.73 1.36 f 0.50 
0-24 2.05 f 0.71 1.38 f 0.50 
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I1 0-6 3.55 f 1.12 2.61 f 1.05 
0-12 7.20 f 2.32 9.41 f 0.92 
0-24 8.80 f 2.45 10.97 f 1.06 


111 0-6 12.62 f 1.92 5.16 f 1.57b 
0-12 17.80 f 2.65 13.19 f 1.53 
0-24 19.84 f 2.68 14.80 f 1.62 


IV 0-6 21.80 i 2.56 15.09 f 3.77 
0-12 31.54 f 3.84 27.34 f 1.41 
0-24 37.50 f 2.60 33.68 f 3.06 


a The roportion of each metabolite is ex ressed as a percenta e of the isoniazid 
dose. Varues are means f SE 


no longer significant. The metabolite data in Table IV confirm that 
ethanol inhibited 111 excretion and increased IV excretion, but in this rase 
the increase in IV was sufficient to increase overall excretion. 


Phenobarbital-Treatment with phenobarbital for 3 days to induce 
the microsomal enzyme system had no significant effect on the elimina- 
tion of carbon-14 from blood (Fig. 6). The T1/2 values over 1-6 hr were 
1.41 (1.28-1.57) hr for the controls and 1.59 (1.47-1.73) hr for the phe- 
nobarbital-treated group, and the difference was not significant. None 
of the individual blood values was significantly different. 


Renal excretion was unaffected by the pretreatment, and only at 6 hr 
was the excretion of isoniazid metabolites changed (Table V). At this one 
time, less 111 was excreted by the pretreated rats. 


Serum Transaminases-Isoniazid was not hepatotoxir in the rat 
when given as single doses, even in large amounts (Table VI). In no case 
was there a significant increase in the transaminase levels. 


p < 0.025 gompared to controlf 


8H 0 


* 
30 min 


n * 


Figure 4-Effect of ethanol on the tissue distribution of radioactivity, 
expressed as micrograms of isoniazid per milliliter of blood. Values are 
means and standard errors from groups of five rats dosed orally with 
14C-isoniazid (20 mglkg) and killed at 0.5 or 3 hr. Key: 0, isoniazid alone; 
ia, isoniazid and ethanol (3 glkg); *, p < 0.05; and **, p < 0.01. 


Table VI-Serum Glutamic-Oxaloacetic Transaminase (V) and 
Serum Glutamic-Pyruvic Transaminase (VI) Activities in  
Groups of Three Rats Administered Three Different Doses of 
Inoniazid a 


Hours after Dosing 


Treatment, 6 12 18 
mglkg V VI -v---vr v VI 


Control 1 0 6 f 9  3 4 f  1 1 3 6 f  11 3 0 f  1 9 7 f 4  7 3 f  3 
Isoniazid 


50 1 0 0 f 6  3 3 f 4  1 1 2 f 6  2 9 f 5  9 6 f 7  6 1 f 6  
200 7 5 f 3  3 3 f 1  9 0 f 3  2 7 i 1  8 4 f 3  5 2 i 2 b  
500 4 2 f 1  3 4 f 2  7 0 f 1 0  2 4 f 2  9 3 f 6  4 4 f 3 b  


The activities of each enzyme are expressed as international units. Values are 
means f SE. p < 0.05 (compared to control). 


DISCUSSION 


Isoniazid was eliminated rapidly by rats. The T1/2 of carbon-I4 in the 
first phase of elimination, during which over half of the dose was excreted 
in the urine, had a mean value of about 1.2 hr in the control animals. Due 
to this extremely rapid elimination, it was not possible to define the 
second phase, which commenced at about 6 hr after dosing. None of the 
drugs significantly changed the calculated Tl/z. Grassi and Grassi (11 )  
also observed that acute doses of ethanol in rats did not affect the serum 
isoniazid level but that chronic doses of 5 g of ethanol/kg/day did sig- 
nificantly increase serum isoniazid levels. Aspirin and ethanol probably 
retarded the isoniazid absorption rate, because the blood carbon- 14 
concentration was lower in the rats treated with these drugs during the 
first 0.5 hr after dosing. 


The tissue distribution study showed that isoniazid and/or its me- 
tabolites can enter the brain; but since the level was less than that in the 
blood, it was inferred that there was some barrier to the passage from 
blood to brain. The highest concentration of carbon-14 at both 0.5 and 
3 hr was observed in the kidneys, while in the control animals the other 
tissues resembled the blood level. The results are in accord with those 
reported for rats (12) when the smaller dose and different sampling times 
are taken into consideration. 


The changes in blood level produced by ethanol, which are attributed 
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HOURS 
Figure 5-Effect of ethanol on the blood carbon-14 concentration, ex- 
pressed as micrograms of isoniazid per milliliter of blood. Values are 
means from groups of five rats dosed intravenously with 14C-isoniazid 
(20 mglkg). Key: a, isoniazid alone; and X, isoniazid and ethanol (3 
glkgl. 
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HOURS 
Figure 6-Effect of phenobarbital pretreatment on the blood carbon-14 
concentration, expressed as micrograms of isoniazid per milliliter of 
blood. Values are means from a group of six rats pretreated with phe- 
nobarbital sodium (4Oglkglday ip) for 3 days and a group o f  four control 
rats that received saline. All rats were dosed orally with 14C-isoniazid 
(20 mglkg). Key: 0,  saline-dosed controls; and X, phenobarbital-pre- 
treated rats. 
mostly to an effect on absorption, were generally reflected in the tissues. 
Hence, estimation of the blood carbon-14 level is a good indication of the 
situation in the whole body. One possible exception is that at  0.5 hr the 
lung level of carbon-14 was significantly ( p  < 0.05) higher than the blood 
in the ethanol-treated rats. This effect was not apparent a t  3 hr, where 
the lung level reflected the blood level with a significantly lower level in 
the ethanol-treated rats. 


Renal excretion was the major route of isoniazid elimination, with 
about 70-8096 of the dose of carbon-14 being recovered in the urine in 24 
hr. Only ethanol affected the amount of carbon-14 excreted and then only 
when isoniazid was administered intravenously. In this case, ethanol 
treatment significantly increased the amount of carbon-I4 excreted, 
which could have been due to the diuretic effect of ethanol. 


Most treatments produced some change in the proportions of the iso- 
niazid metabolites excreted in urine. Aspirin almost completely inhibited 
I1 excretion, probably due to  salicylate competing for the glycine pool 
since salicylglycine is an aspirin metabolite (13). Rifampin did not pro- 
duce any significant changes, and ethambutol caused only a slight de- 
crease in the amount of I11 excreted. Phenobarbital pretreatment pro- 
duced a similar effect but only up to 6 hr after dosing. 


Ethanol produced the most marked interaction. When isoniazid was 
given orally, all four metabolites estimated were affected I1 and I11 were 
decreased and I and IV were increased. However, when isoniazid was 
administered intravenously, only 111 was decreased and IV was increased. 
If the theory of Peters et al. (14) that isoniazid is acetylated prior to being 
hydrolyzed to isonicotinic acid is true, then ethanol is blocking the 
cleavage of N-acetylhydrazine. Since i t  may be a t  this stage that hepa- 
totoxicity is caused, there is reason to believe that acute doses of ethanol 
will not potentiate isoniazid-induced liver damage. Nevertheless, pro- 
longed ethanol abuse will no doubt increase the danger of liver damage 
and isoniazid may potentiate this effect. At present, it is not possible to 


explain why ethanol has this effect on isoniazid metabolism, but it is 
similar to other cases where acute doses of ethanol block drug metabolism 
(5). 


Measurement of serum transaminase levels in rats dosed with isoniazid 
showed that the rat is not susceptible to an acute hepatotoxic reaction 
to this drug. Mitchell and Jollow (4) also reported that hepatic necrosis 
could not be produced in the rat even after lethal isoniazid doses. How- 
ever, their observation (4) that very little I11 is formed after isoniazid 
administration to rats is contrary to the present results, in which -25% 
of the isoniazid dose was metabolized to I1 and 111. Hence, the resistance 
of the rat to the hepatotoxicity of isoniazid remains unexplained. 


One possibility is that the metabolic activation of N-acetylhydrazine 
(15) is poorly developed in the strain of rats used. Comparison of the total 
amounts of 11,111, and IV with recent human data (16) shows that the 
amount of IV in the rat is about the same as in rapid acetylator humans 
but that the amount of 111 in the rat is less than in either slow or rapid 
acetylator humans. These results could indicate that the rat is not able 
to cleave acetylhydrazine from IV as rapidly as the human. This also could 
explain the low hepatic toxicity in the rat. 


It is concluded that, of the drugs studied, only ethanol had a significant 
interaction with isoniazid metabolism. Nevertheless, this effect did not 
change the elimination rate from the blood. Based on current knowledge 
of the mechanism of isoniazid-induced hepatotoxicity, it is not likely that 
acute doses of ethanol potentiate isoniazid toxicity. The rat is not a good 
model for the study of isoniazid-induced hepatotoxicity and its metab- 
olism of isoniazid does differ quantitatively from that observed in hu- 
mans. 
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In view of existing evidence, it appears that a methyl group alpha to 
the alkylamino function influences anticholinergic activity. Furthermore, 
the postulated ability of this group to alter the orientation between the 
molecule and the receptor should further substantiate the premise that 
the binding of an important moiety of an antagonist may be affected 
considerably by modifying other parts of the same molecule. 
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Chelates of Dicumarol I: Preparation and 
Structure Identification of Magnesium Chelate 


LYLE D. BIGHLEY and R. J. SPIVEY * 


Abstract A magnesium chelate of dicumarol was prepared by reacting 
a suspension of dicumarol and magnesium oxide in 50% water-methanol. 
GLC, thermogravimetric, and elemental analyses showed that this 
compound has a 2 1  ligand-metal stoichiometry with 2 moles of water 
associated with the complex. Although the chelate does not melt, two 
endothermic peaks at  205 and 274’ were observed in the thermogram, 
in contrast to a single endothermic peak corresponding to a melting point 
of 288O for dicumarol. IR spectroscopy indicated that the magnesium is 
bonded between the carbonyl at C-2 and the oxygen at  C-4’ (or vice 
versa). 


Keyphrases Dicumarol-chelate with magnesium prepared, structure 
elucidated 0 Chelates-dicumarol-magnesium, prepared, structure 
elucidated Magnesium-chelate with dicumarol prepared, structure 
elucidated 0 Metals-magnesium, chelate with dicumarol prepared, 
structure elucidated 0 Anticoagulants-dicumarol, chelate with mag- 
nesium prepared, structure elucidated 


-~ 


Dicumarol [3,3’-methylenebis(4-hydroxycoumarin)] (I) 
is an oral anticoagulant utilized for the prevention and 
therapy of thromboembolic vascular disease. However, 
many problems are associated with its use: concomitant 
administration with certain drugs can inhibit or potentiate 


its anticoagulant effect (l), it is slowly and erratically ab- 
sorbed from tablet dosage forms (2), and its bioavailability 
from tablets depends on the type and amount of excipients 
in the formulation (3). 


Reported bioavailability differences from various tablet 
formulations provided the stimulus for a study of potential 
solid-solid interactions between I and various metal- 
containing excipients (4). Chemisorption of I occurred with 
several excipients, but the interaction with the magne- 
sium-containing excipients was postulated to be chela- 
tion. 


In subsequent studies (5,6) in dogs and humans, con- 
comitant administration of I with magnesium-containing 
adjuvants resulted in faster and more complete drug ab- 
sorption, These investigators postulated that the enhanced 
bioavailability may be due to chelate formation within the 
GI tract. 


This investigation was undertaken to prepare, isolate, 
and study the physicochemical properties and bioavail- 
ability of the magnesium chelate of dicumarol. This report 
details the preparation, stoichiometry, and structure 
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identification of the dicumarol-magnesium chelate (11). 
The physicochemical properties and bioavailability will 
be the subject of a later report. 


EXPERIMENTAL 


Materials-Dicumaroll, methanol2, ethylenediinetetraacetic acid 
disodium salt2, eriochrome black Tz, 2-propanol*, heavy magnesium 
oxide3, dimeth~lformamide~, m e b o l i c  tetrabutylammonium hydroxide 
solution4 (25%), atomic absorption magnesium standard5, zinc metal6, 
dimethyl sulfoxide5, benzoic acid6, pyridinee, 4A molecular sieve@, am- 
monium chloride?, hydrochloric acids, tetrabutylammonium chlorides, 
ammonium hydroxidelo (58%), benzenelo, sodium hydroxidelo, and 
ethanol" were used without further purification, except that I was re- 
crystallized from benzene. The melting point of I was verified using a 
differential thermal analyzer. 


Ammonium chloride-ammonium hydroxide buffer (pH 10) was pre- 
pared by dissolving 14 g of ammonium chloride in 114 ml of ammonium 
hydroxide and diluting to 200 ml with distilled water (7). 


A 0.5% (wh) eriochrome black T solution was prepared by dissolving 
0.125 g in sufficient ethanol to make 25 ml. 
Ethylenediaminetetraacetic acid d d i u m  salt solution (0.025 M) was 


prepared by dissolving 9.306 g in enough water to make loo0 ml. Stan- 
dardization was accomplished by titrating with a solution of zinc chloride, 
prepared by dissolving an accurately weighed amount of zinc metal in 
dilute hydrochloric acid USP (7). 


Tetrabutylammonium hydroxide solution WBB standardized by po- 
tentiometrically titrating a 0.0106 M methanolic benzoic acid solution 
using a modified procedure described by Connors (8). 


Preparation of II-Three grams (0.ooSS mole) of I, recrystallid from 
benzene, and 0.324 g (0.008 mole) of heavy magnesium oxide were SUB- 


pended in 600 ml of methanol (Scheme I). When the reactants were 


S i m a  Chemical Co. 
ent, J. T. Baker. 


Tecffnical, Matheson, Coleman & Bell. 
Reagent. Matheson. Coleman & Bell. 
Cedti.4, Fisher Scientific Co. 
Technical, Fisher Scientific Co. 
Laboratory, Fisher Scientific Co. 
Reagent, Fisher Scientific Co. 
Eestman Organic Chemicals. 


U.S. Industrial Chemicals Co. 
lo Reagent, Malliickrodt Chemical Works. 


wetted, 600 ml of distilled water was added, and the mixture was stirred 
in a covered, light-protected beaker for 24 hr. Undissolved material was 
removed by filtration; the filtrate was collected in a 1000-ml round-bot- 
tom flask, covered, and placed in a refrigerator (5') until crystallization 
was complete. The crystals were collected on a Buchner funnel, washed 
thoroughly with distilled water, and dried in uacuo at  room temperature 
for 24 hr. Approximately 1.5 g of white crystalline material was ob- 
tained. 


Atomic Absorption-An atomic absorption spectrophotometer12, 
equipped with a single-slot burner head (10-cm pathlength) and a mag- 
nesium hollow cathode lamp, was used to determine the magnesium 
content of 11. Instrumental parameters were: wavelength, 285.2 nm; 
hollow cathode lamp current, 5 mamp; fuel, acetylene (flowmeter 4 1 0  
psig); oxidizer, air (flowmeter 20,35 psig); monochromator entrance slit 
width, 50 pm; monochromator exit slit width, 75 pm; gain, 1; and path- 
length, 10 cm. 


Commercially available magnesium reference standard (l0,OOO ppm) 
was diluted with dimethylformamide to prepare standard solutions 
equivalent to 0.1-1.0 ppm of magnesium. After optimizing the wavelength 
and zeroing the instrument while aspirating dimethylformamide, a 
standard curve was prepared from the standard solutions by plotting 
absorbance versus concentration. Standard solutions of magnesium 
spiked with I showed no enhancement or depression of absorption. 


Solutions of I1 were prepared by dissolving approximately 25 mg in 100 
ml of dimethylformamide and diluting an aliquot 20-fold with dimeth- 
ylformamide to give a magnesium concentration of approximately 0.4 
ppm. The actual magnesium content of I1 was obtained by reference to 
the standard curve. 


Complexometric Titration-The magnesium content of I1 also was 
determined by a modified complexometric titration procedure (9). To 
release the magnesium, the chelate was reacted with base prior to titration 
by dissolving accurately weighed samples of I1 (approximately 125 mg) 
in 10 ml of 1 N sodium hydroxide, adding 10 ml of distilled water, and 
stirring for 15 min. The magnesium was solubilized by adding 10 ml of 
dilute hydrochloric acid USP and stirring the solution an additional 15 
min. 


The acidic solution was filtered to remove the precipitated I, and the 
precipitate was washed with distilled water until the washings were 
neutral to litmus paper. After neutralizing the filtrate with 1 N sodium 
hydroxide, 5 ml of ammonium chloride-ammonium hydroxide buffer and 
0.5 ml of 0.5% (w/v) ethanolic eriochrome black T indicator solution were 
added. Then the filtrate was titrated with 0.025 M ethylenediamine- 
tetraacetic acid disodium salt solution until the wine-red color changed 
to blue. 


GLC-A gas ~hromatograph'~, equipped with a thermal conductivity 
detector and two commercially prepared 3-mm X 1.83-m (6-ft) stainless 
steel columns packed with 10% Carbowax 20M on 80-100-mesh Chro- 
mosorb W Awl4, was used to confirm the presence of water in 11. Oper- 
ating conditions were: injection port, 240'; column, 180'; detector, 260'; 
carrier gas (helium), 40 ml/min (50 psig); attenuation, 2; and bridge 
current, 175 mamp. 


Dimethyl sulfoxide, dried over 4A molecular sieves, was spiked with 
known amounts of water, and 5-p1 samples containing 5-20 pg of water 
were injected's. The retention times, from injection to peak maximum, 
were 0.4 min for water and 2.2 min for dimethyl sulfoxide. Confirmation 
of water in I1 was obtained by dissolving samples, which had been dried 
at So, in dried dimethyl sulfoxide, injecting 5 pl, and comparing retention 
times to those of the water-spiked dimethyl sulfoxide samples. 


Thermogravimetric Analysis-The water content of I1 also was 
determined by mass loss on a thermobalance16. A heating rate of 20°/min, 
a y-axis sensitivity of 0.4 mg/Z.54 cm, and a dynamic nitrogen atmosphere 
(40 ml/min, 5 psig) were used for all analyses. Sample sizes ranged from 
14 to 17 mg. 


Differential Thermal Analysis-Endothermic or exothermic 
transitions were determined by thermal analysis17 using 2-3-mg samples. 
A heating rate of 20°/min and a dynamic nitrogen atmosphere (flowmeter 
3,5 psig) were used for all analyses. The differential temperature sensi- 
tivities used were 1°/2.54 cm for I and 0.2'/2.54 cm for 11. Temperatures 
were corrected for the nonlinear response of the chromel-alumel ther- 
mocouple. 


11 Model 82-270, Jarrel-Ash. 
18 Model 5750B. Hewlett-Packard. 
14 Supelco. 
16 701SN. Hamilton Co. 
16 Model 950. DuPont. 
l7 Model 900; DuPont. 
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Figure 1-Thermograuimetric analysis of dicumarol-magnesium 
chelate. 


I R  Spectroscopy-IR spectra were obtainedIs from approximately 
a 0.33% dispersion in potassium bromide using a 5-min scan period. 


NMR Spectroscopy-Proton spectra were obtainedlg in deuterated 
chloroform. Chemical shifts were reported in parts per million relative 
to tetramethylsilane as an internal standard. 


Nonaqueous Titration-A nonaqueous titration was performed on 
I1 to quantitate the enolic protons. An accurately weighed sample (40-80 
mg), dissolved in 50 ml of pyridine, was titrated with 1.027 M methanolic 
tetrabutylammonium hydroxide solution delivered from a micrometer 
syringe20. Potential measurements were recorded using a digital pH 
meter21 equipped with a combination electrode. End-point drift was 
minimized by using a saturated solution of tetrabutylammonium chloride 
in 2-propanol as the internal electrolyte. 


Carbon and Hydrogen Analyses-Carbon and hydrogen analyses 
were performedzz on 11, and calculated percentages were based on a 
molecular formula of C&26Mg014. 


RESULTS AND DISCUSSION 


Initial attempts to prepare the magnesium chelate of I centered around 
the preparation of the disodium salt of I, which could subsequently be 
reacted with a water-soluble magnesium salt. Preparation of the disodium 
salt was attempted by four different procedures: (a) reacting I suspended 
in 2-propanol with sodium hydroxide, ( b )  reacting I suspended in ether 
with sodium hydride, ( c )  adding I to a pH 8.9 phosphate buffer, and ( d )  
dissolving I in an equivalent amount of 1.0 N sodium hydroxide and 
adjusting to a known volume with distilled water (10). None of these 
methods was successful; the isolated product was yellow or became yellow 
upon standing, suggesting that degradation had occurred. 


Subsequently, direct preparation of I1 was accomplished by reacting 
a suspension of I and magnesium oxide in a 50% water-methanol mixture 
(Scheme I). As the reaction progressed, the solution became less turbid. 


1s Model 267, Perkin-Elmer. 
19 Bruker Hx 90 equipped with an sxp RF pulse amplifier and an R-NC 12 data 


system. 
20 Burroughs Wellcome & Co. 
21 Model 76008, Beckman. 
22 Galbraith Laboratories, Knoxville, Tenn. 
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Figure 2-Differential thermal analysis of I and II. 


The isolated reaction product, later identified as 11, was a white, crys- 
talline material. Methanol was used in the reaction medium because water 
alone would not wet I; however, the volume was chosen empirically. 
Subsequently, the solubility of I1 was found to be greater in methanol- 
water mixtures, preventing precipitation of I1 and aiding its separation 
from unreacted materials after preparation. 


The optimum reaction time was determined by spectrophotometrically 
analyzing samples of the supernate for total ligand (I). After 24 hr, no 
further increase in absorbance was observed. Although water-soluble 
magnesium salts were tried in an attempt to prepare the chelate by this 
procedure, only magnesium oxide was useful. The pH increase in the 
microenvironment produced by the magnesium hydroxide may be suf- 
ficiently high to remove an enolic proton from the ligand, enabling the 
chelate to form. 


Before a reliable estimate of the stoichiometry of I1 could be obtained, 
it was necessary to determine the number of water molecules associated 
with the complex. The presumption of the presence of water subsequently 
was confirmed by thermogravimetric analysis and GLC. Thermograms 
of I1 (Fig. 1) showed a loss of loosely bound water between 30 and loo", 
followed by constant weight to 140". Between 140 and 190°, sigmoidal 
curves representing a mass loss of 4.81-4.98% were obtained. The theo- 
retical percentage of water in a 2 1  chelate, based on two water molecules, 
is 4.93%. Identical treatment of I resulted in no mass loss; consequently, 
two molecules of water were associated with each chelate molecule. 


However, since thermogravimetric analysis represents only mass loss, 
GLC was used qualitatively to confirm that the weight loss was due to 
water. Chromatograms of samples of 11, dried in U ~ C U O  a t  85' to remove 
surface water, showed a peak with the same retention time as water- 
spiked dimethyl sulfoxide samples. Under the chromatographic condi- 
tions used, I1 was not eluted from the column. These results substantiated 
that the mass loss observed between 140 and 190" was attributable to 
water associated with the chelate. 


After quantitation of the water of coordination or, possibly, water of 
crystallization occupying lattice sites (11) and after carbon, hydrogen, 
and magnesium analyses, the analytical data clearly indicate a 2:1 li- 
gand-metal stoichiometry. 


Anal.-Calc.: C, 62.45; H, 3.59; Mg, 3.33; water, 4.93. Found (standard 
error of the mean of three determinations): C, 62.66; H, 3.67; Mg, 3.29 
(0.012) (complexometric titration) and 3.33 (0.026) (atomic absorption); 
water, 4.91 (0.050) (thermogravimetry). 


Differential thermal analysis of I and I1 showed substantial differences 
(Fig. 2). Thermograms of I exhibited a single, sharp endothermic peak 
a t  a corrected temperature of 288", which was within the reported melting 
point range of 287-293" (12). The thermogram of I1 showed two broad 
endothermic peaks: a large peak a t  205" and a small peak a t  274'. Visual 
observation in a melting-point apparatus suggested that both peaks may 
have been due to degradation. A color change from white to yellow was 
observed at approximately 200" and a brown carmelized mass resulted 
a t  280°, but no melt was observed a t  any temperature. 


NMR spectra obtained in deuterated chloroform showed identical 
chemical shifts for I and 11. The spectra had a single signal of 3.7 ppm 
arising from the methylene protons, a complex multiplet between 7 and 
8 ppm corresponding to the aromatic protons, and a single signal a t  11.3 
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Figure 3-IR spectra of I and 11. 


ppm due to the hydrogen-bonded (enolic) protons a t  C-4 and/or C-4’ 
(13). 


The poor solubility of I1 in deuterated chloroform necessitated the use 
of an NMR spectrometer equipped with a Fourier transform data system. 
The sample was analyzed overnight; all peaks were identifiable and ap- 
peared at their expected chemical shifts, but the spectrum could not be 
quantitated. Therefore, nonaqueous titration was used to quantitate the 
enolic protons. As expected, titration curves of I1 yielded two sharp breaks 
corresponding to two protons. One proton is  believed to be at  C-4 or C-4’ 
on each ligand molecule. 


The IR spectra of I and I1 are shown in Fig. 3. Due to intramolecular 
hydrogen bonding, the carbonyl stretching frequency of I appeared at 
1660 cm-1 (13). When I was 0-methylated and no intramolecular hy- 
drogen bonding could occur, the carbonyl peak was shifted to 1725 cm-’ 
(13). Since there was no shift to longer wave numbers in the carbonyl 
stretching frequency of 11, both carbonyl groups in each ligand probably 
were bonded. Baaed on the presence of two titratable protons on 11, it 
seems reasonable that one carbonyl group in each ligand was still intra- 
molecularly hydrogen bonded and that the other carbonyl was bonded 
with magnesium. 


Intramolecular hydrogen bonding also affected the position of the 
hydroxyl peak in the IR region. This peak appeared at  3100 cm-’ for I; 
however, I1 exhibited a large, broad water band between 3700 and 2800 
cm-1. Since I1 is believed to retain one intramolecular hydrogen bond 


on each ligand, the hydroxyl band at 3100 cm-l was probably concedsd 
beneath the water band. 


In summary, elemental analyses conclusively established a 2:l li- 
gand-metal stoichiometry for I1 and the IR and other analytical data are 
consistent with Structure I1 in Scheme I. X-ray studies on the chelate 
are currently underway to substantiate further the structure. 
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X-Ray Analysis of 
Sulfur-Containing Colchicine Derivatives 


CATHERINE KOERNTGEN and T. N. MARGULIS’ 


Abstract 0 The crystal and molecular structures of deacetylthiocol- 
chicine hydrochloride dihydrate and thiocolchicine hexahydrate were 
determined by X-ray diffraction. The replacement of oxygen by sulfur 
on the C ring methoxy group causes greater puckering of the troponoid 
ring. The conformation of one A ring methoxy group differs from that 
of colchicine derivatives that do not contain sulfur. 


Keyphrases 0 Colchicine derivatives-X-ray diffraction determination 
of crystal and molecular structures Thiocolchicines, various-X-ray 
diffraction determination of crystal and molecular structures X-ray 
diffraction-determination of crystal and molecular structures of various 
thiocolchicines 0 Crystal and molecular structures-various thiocol- 
chicines, X-ray diffraction determination 


Colchicine (I), an ancient drug, is used primarily in the 
treatment of gout. Attempts to use this powerful mitotic 
inhibitor in the treatment of human malignancies have 


been largely unsuccessful. Other mitotic poisons, however, 
are being used successfully with human tumors. In par- 
ticular, vinblastine and vincristine are used for the treat- 
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Actions of Mescaline on Isolated Rat Atria 


PETER K. S. SIEGL and RAYMOND F. ORZECHOWSKIX 


Abstract Mescaline, in concentrations of 5 X and 1 X M ,  
produced negative chronotropic and positive inotropic responses in iso- 
lated, spontaneously beating rat atria. In tissues driven at  a constant rate, 
the inotropic response was diminished greatly, indicating that the in- 
crement in the force of contraction was secondary to the reduction in rate. 
These chronotropic and inotropic responses were not altered consistently 
by pretreatment with the histamine antagonists chlorpheniramine and 
metiamide. 


Keyphrases 0 Mescaline-chronotropic and inotropic effects on isolated 
rat atria 0 Chronotropic effects-mescaline on isolated rat atria 0 Ino- 
tropic effects-mescaline on isolated rat atria 0 Phenethylamines- 
mescaline, chronotropic and inotropic effects on isolated rat atria 0 
Cardiovascular effects-mescaline on isolated rat atria 0 Psychoto- 
mimetics-mescaline, chronotropic and inotropic effects on isolated rat 
atria 


In this study, the effects of mescaline (3,4,5-tri- 
methoxyphenethylamine) on isolated rat atria were ex- 
amined to reveal its possible actions directly on the pace- 
maker and atrial tissue. By the use of histamine antago- 
nists, the invohement of histamine receptors (both HI and 
H2) was examined as a possible mechanism of the in uitro 
cardiac action of mescaline. 


BACKGROUND 


The cardiovascular actions of the psychotomimetic amine mescaline 
were reported previously (1-8). Mescaline consistently evoked brady- 
cardia in several species of animals. Mescaline-induced slowing of the 
frog heart was first observed by Dixon (1); others confirmed this action 
in the dog (2), rabbit, and cat (3). The bradycardia was inhibited by va- 
gotomy or pretreatment with atropine (3); however, other published data 
(1,2,4) challenged these findings. Most evidence favors the conclusion 
that mescaline does not produce an effect on the heart by a vagal reflex 
or cholinergic stimulation. 


Competition for epinephrine receptors by mescaline was proposed (5) 
because both mescaline-induced bradycardia and hypoglycemia in rats 
were reduced upon pretreatment with epinephrine. In another study (6), 
mescaline showed no propranolol-like antagonism of isoproterenol- 
induced relaxation of spontaneously contracting rat uterus. Mescaline 
failed to antagonize isoproterenol-induced positive chronotropism and 
hypotension (4) or to reverse an ethylnorepinephrine depressor response 
(6) in anesthetized dogs. From these data, 8-adrenergic receptor blockade 
by mescaline or one of its metabolites was an unlikely explanation. 


Histamine release or direct stimulation of histamine receptors by 
mescaline might account for the observed bradycardia. Potentiation of 
the hypotensive response to histamine in rats (7) was attributed to in- 
hibition of the histaminolytic action of diamine oxidase by mescaline. 
Dogs receiving an intravenous infusion of mescaline showed (4) increased 
plasma histamine levels and a hypotensive response similar to that pro- 
duced by compound 48/80, a known histamine-liberating substance (9). 


Alteration of respiratory dynamics and elevated right ventricular pres- 
sure, resembling responses to histamine, were observed in the guinea pig 
(8). Attempts to block these effects of mescaline with the antihistamine 
diphenhydramine were unsuccessful (4,8). 


More recent evidence suggested that histamine produced bradycardia 
by a stimulation of histamine receptor subtypes (Hz-receptors), which 
were not blocked by conventional antihistaminic agents such as di- 
phenhydramine (10). The possible interaction of mescaline or mesca- 
line-released histamine with Hz-receptors in the myocardium could be 
evaluated with an Hz-blocker, such as metiamide, in an attempt to con- 
firm or refute this hypothesis. 


EXPERIMENTAL 


Sprague-Dawley rats of both sexes, 250-400 g, were sacrificed by cer- 
vical fracture and the hearts were rapidly removed. Paired atria were 
sectioned from the ventricles with a bridge of tissue joining the two atria. 
For examination of inotropic responses, left atria were electrically driven 
by paired platinum electrodes. Monophasic square wave pulses of 1-msec 
duration were delivered by a stimulator'. Tissues were suspended in a 
10-ml glass tissue bath filled with Krebs-Henseleit solution (11) at a 
constant temperature of 3 5 O  and equilibrated with 95% 02-5% Con. The 
solution pH was adjusted to 7.3. 


A constant resting tension of 1.0 g was maintained throughout each 
experiment. All preparations were allowed to equilibrate for a minimum 
of 50 min with washes a t  10-min intervals prior to drug challenge. Iso- 
metric contractions were measured with a force-displacement transducer' 
and recorded on a polygraph3. A linear tachometer4 was used to record 
changes in heart rate. All drug solutions were prepared daily in Krebs- 
Henseleit solution and expressed as molar concentration of base. 


Dose-Response Curves with Mescaline-To observe chronotropic 
and inotropic responses to mescaline, concentrations of 1 X lo-*, 5 X 


and 1 X 10-3 M mescaline base were generated in a tissue bath 
containing spontaneously beating, paired atria. Heart rate and developed 
tension were recorded as maximum responses within 5 min. To minimize 
possible tachyphylaxis, only two drug challenges per preparation were 
employed. The challenges were separated by three washes and a 15-min 
reequilibration period. Sixteen atrial preparations were tested in this 
manner. All data were reported as the percent change from the pre- 
treatment period and analyzed by Duncan's New Multiple Range Test 
(12). 


The effects of mescaline were studied on separated left and right atria 
of the same heart to determine differences in inotropic responses in both 
the presence and absence of chronotropic responses. Right atria were 
allowed to contract spontaneously, while left atria were electrically driven 
(150% threshold voltage). After a 1-hr equilibration period, the rate of 
electrical stimulation was adjusted to equal the heart rate of the spon- 
taneously contracting right atrium. At 5 mln after the addition of mes- 
caline to the tissue bath, changes in the developed tension for both atria 


I Grass model S48. 
Grass model FT-03. 
Grass model 7B. 
Grass model 7P4-D. 
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Figure 1-Responses to mescaline challenge in spontaneously con- 
tractingpaired rat atria. All bars indicate mean f SEM; n = 8. 


and the heart rate for the right atria were recorded. Twelve preparations 
were studied (i.e., six hearts), each challenged with 1 X 
and 1 X M mescaline base. Inotropic responses of left uersus right 
atria were treated as paired data and tested by the Student t test (13). 


To establish the relationship between rate and tension for rat atria and 
to allow interpretation of the effects obtained with mescaline, a Bowditch 
or rate-tension curve was constructed. Four left atria were electrically 
driven at  150% of threshold voltage and at  various rates of stimulation. 
The maximum developed tension was recorded 5 min after the rate was 
altered. Results were graphed as the average developed tension (grams) 
versus the rate of stimulation (Hertz and beats per minute). 


Histaminic Mechanism Study: Pretreatment with Antihista- 
mines-Two concentrations of an HI-antagonist (chlorpheniramine 
maleate, 1 X M) and an Ha-antagonist (metiamide, 3 
X M) were each employed to pretreat six spontaneously 
contracting, paired atria 8 min prior to challenge with mescaline. Twelve 
control preparations were pretreated with 0.1 ml of Krebs-Henseleit 
solution. Pretreatments were randomized by the use of a table of random 
numbers. 


Concentrations of mescaline were log spaced, and each challenge was 
separated by three washes and 8 min of incubation with the antagonist. 
Chronotropic and inotropic responses were measured before and 5 min 
after the addition of mescaline. Results were reported as the percent 
change from pretreatment values. Tukey's multiple range procedure for 
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Figure 2-Comparison of inotropic responses of electrically driven left 
atrium ( L )  and spontaneously contracting right atrium ( R )  to challenge 
with mescaline. All bars indicate mean f SEM; n = 6. 
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Figure 3-Bowditch (rate-tension) curue for electrically stimulated 
left rat atrium. 


unequal subclass numbers5 was used to test for statistical significance. 


RESULTS 


Dose-Response Curves with Mescaline-Dose-related positive 
inotropic and negative chronotropic responses were observed when 
spontaneously beating, paired rat atria were challenged with 1 X 10-4, 
5 X M mescaline (Fig. 1). All inotropic responses were 
significantly different from the control; however, only the two highest 
concentrations of mescaline produced a chronotropic response signifi- 
cantly different ( p  < 0.05) from the control. 


Positive inotropic responses in electrically driven left atria challenged 
with 5 X low4 and 1 X M mescaline were significantly less in the 
absence of a negative chronotropic response (Fig. 2). Since M mes- 
caline produced no significant change in heart rate, a difference in ino- 
tropic responses between spontaneously beating and electrically driven 
preparations was neither anticipated nor seen. Responses of sponta- 
neously beating right atria were similar to those of spontaneously beating 
paired atria. 


Since data from electrically driven atria suggested that a major com- 
ponent of the positive inotropic response was related to the negative 
chronotropic effect of mescaline, it was important to examine the effects 
of heart rate upon the developed tension in the control atria. A Bowditch 
or rate-tension curve for the electrically stimulated left rat atrium (Fig. 
3) indicated that a positive inotropic response accompanied a decrease 
in heart rate. This relationship between rate and tension also was reported 
for rat papillary muscle (14, 15) and rat arterially perfused septa1 (16) 
preparations. 


Histaminic Mechanism Study: Effects of Pretreatment with 
Antihistaminic Agents-Negative chronotropic responses to mescaline 


and 1 X 
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Figure 4-Effect of pretreatment with chlorpheniramine upon the 
negative chronotropic response to mescaline challenge. Key: A, control, 
n = 12; 0, I X M 
chlorpheniramine, n = 6. 


M chlorphenirarnine, n = 6; and 0, 1 X 


J. L. Ciminera, Merck Institute for Therapeutic Research, West Point, Pa., 
personal communication. 
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Figure 5-Effect of pretreatment with chlorpheniramine upon the 
positive inotropic response to mescaline challenge. Key: same as Fig. 
4; and *, p < 0.05. 


were unaltered by pretreatment with 1 X 10-5 or 1 X M chlor- 
pheniramine (Fig. 4). Both concentrations of chlorpheniramine produced 
a dose-related shift of the percent change in developed tension uersus 
the log concentration of mescaline (Fig. 5); however, only responses to 
1 X M mescaline were reduced significantly by 1 X 


M, failed to show a significant 
blockade of the negative chronotropic response, except a t  1 X M 
mescaline with 3 X M metiamide (Fig. 6). Positive inotropic re- 
sponses also were unchanged following pretreatment with metiamide 
(Fig. 7). 


and 3.3 X 
M chlorpheniramine. 


Metiamide, 3 X lov5 and 3 X 


DISCUSSION 


A significant role of endogenous histamine in the regulation of cardiac 
dynamics was proposed previously (17-19). The presence of histamine 
in rat atrial tissue (17) and evidence of the histamine-releasing activity 
of mescaline in vascular tissue (4) suggested that the cardiac actions of 
mescaline might involve activation of a histaminergic mechanism. Recent 
studies (10,20,21) indicated that separate receptors may mediate the 
chronotropic and inotropic responses to histamine in guinea pig atria. 
Positive chronotropic responses blocked by metiamide or burimamide, 
but not by promethazine or tripelennamine, suggested involvement of 
histamine Hz-receptor subtypes, whereas positive inotropic responses 
were altered only by promethazine and tripelennamine, histamine HI- 
receptor blocking agents. 


Exogenous histamine effects a negative chronotropic response in the 
isolated rat heart (17,22). Based on the situation in the guinea pig heart, 
stimulation of Hn-receptors in rat atria by mescaline, either directly or 
uia a release of endogenous histamine, could be responsible for the ob- 
served bradycardia (10, 20). That direct stimulation of histamine re- 
ceptors could not account for the cardiac effects of mescalhe was indi- 
cated by failure of histamine receptor blockers of the Hi and Hz type to 
obtund the response to mescaline. This explanation of mescaline-induced 
bradycardia in species other than the rat is untenable, since exogenous 


I- 
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Figure 6-Effect of pretreatment with metiamide upon the negatiue 
chronotropic response to mescaline challenge. Key: A, control, n = 12; 
0 , 3  X M metiamide, n = 
6. 
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Figure 7-Effect of pretreatment with metiamide upon the positive 
inotropic response to mescaline challenge. Key: same as  Fig. 6. 


histamine evokes positive chronotropic responses in most species (22- 
27). 


An inverse relationship existed between atrial rate and peak muscle 
tension in control rat atria; i.e., the Bowditch curve showed that a de- 
crease in atrial rate was associated with an increase in peak tension de- 
velopment (Fig. 3). Thus, it was of interest to determine whether the 
positive inotropic effect of mescaline would persist in atrial preparations 
electrically driven at  a constant rate. The data indicated that a major 
component of the observed increase in tension development following 
mescaline was directly attributable to the slowing effect of the drug on 
atrial rate, since only slight increases in contractile force were seen in 
electrically driven tissues when the rate was held constant (Fig. 2). 


A central action of mescaline might account for the bradycardia re- 
ported to occur in in uiuo preparations. a-Adrenergic agonists injected 
into certain brain sites produced bradycardia and hypotension, due ap- 
parently to a reduction in sympathetic nervous tone (28). Mescaline 
penetrated into the central nervous system (29) and also evidenced (Y- 


adrenergic agonist properties in in uitro systems (30). Bradycardia was 
observed 1 min following injections of mescaline into the lateral brain 
ventricle of the mouse (31). Further investigation into the central 
mechanism appears to be warranted. 


Finally, the concentrations of mescaline required to evoke alterations 
in myocardial rate in this study were relatively high (3.3 X 10-5-1 X lo-“ 
M). Such concentrations, if extrapolated to the in uiuo situation, would 
probably represent toxic concentrations of the drug (5). 
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Comparative Pharmacokinetics of 
Coumarin Anticoagulants XXIV: Effect of Treatment with 
Phenobarbital on Serum Protein Binding of 
Warfarin and Dicumarol in Rats 


AVRAHAM YACOBI, JOHN T. SLATTERY, and GERHARD LEVY x 


Abstract 0 Rats were treated with the enzyme inducer phenobarbital 
to determine if it would affect the serum protein binding of warfarin and 
dicumarol, possibly by changing the rate of formation or elimination of 
endogenous inhibitor(s). Daily administration of phenobarbital, 75 
mg/kg, for 4 days increased relative liver size (a concomitant of enzyme 
induction) but had no apparent effect on the serum protein binding of 
warfarin and dicumarol. 


Keyphrases 0 Phenobarbital-effects on serum protein binding of 
warfarin and dicumarol, rats Protein binding, serum-warfarin and 
dicumarol, effect of phenobarbital, rats n Binding, serum protein- 
warfarin and dicumarol, effect of phenobarbital, rats 0 Warfarin-serum 
protein binding, effect of phenobarbital, rats Dicumarol-serum 
protein binding, effect of phenobarbital, rats 0 Anticoagulants-warfarin 
and dicumarol, serum protein binding, effect of phenobarbital, rats 0 
Enzyme inducers-phenobarbital, effect on serum protein binding of 
warfarin and dicumarol, rats 


The total clearance of warfarin by the body is directly 
proportional to the free fraction of this drug in serum of 
rats (1, 2) and humans (3). There are pronounced inter- 
individual differences in free fraction values of warfarin 
(4) and corresponding differences in the total clearance of 
this drug by the body (2,3). Ongoing studies in rats1 indi- 
cate that this is true also for the other major coumarin 
anticoagulant, dicumarol. There is no relationship between 
the free fraction values of either warfarin (2) or dicumarol 
(data in this report) and the concentration of albumin in 
serum. 


Recent studies showed that endogenous inhibitors in 
uremic as well as in normal human serum cause a decrease 
in the protein binding of warfarin and other drugs (5). 
Therefore, interindividual differences in the serum protein 


binding of warfarin and dicumarol may be caused by cor- 
responding differences in the serum concentration of such 
inhibitors. Treatment with an enzyme inducer such as 
phenobarbital may change the serum protein binding of 
warfarin, dicumarol, and other drugs by changing the 
concentration of endogenous inhibitors in serum. This 
situation could result from a change in the formation or 
elimination kinetics of the inhibitors due to increased ac- 
tivity of certain enzyme systems. Accordingly, a study was 
initiated to determine the effect of treatment with phe- 
nobarbital on the protein binding of warfarin and dicu- 
marol in the serum of rats. 


EXPERIMENTAL 


Forty-eight adult male Sprague-Dawley rats, -350 g, were used for an 
initial screening study. About 3 ml of blood was obtained from the tail 
artery of each animal, and serum was separated. The free fraction of ra- 
cemic warfarin in these serum samples was determined by equilibrium 
dialysis as described previously (2). Based on the results of this screening 
study, 20 rats were selected and classified into 10 pairs with very small 
intrapair and large interpair differences in the warfarin free fraction 
value. 


Four days later, one member of each pair received phenobarbital, 75 
mg/kg/day ip, for 4 days while the other member received injections of 
normal saline solution. One day later, the animals were sacrificed by re- 
moving all blood from the aorta under ether anesthesia. The liver was also 
removed, compressed slightly between paper tissue to remove remaining 
blood, and weighed. Serum was separated and used to determine the free 
fraction values for warfarin (2) and dicumarol(6) by equilibrium dialysis. 
The concentration of total protein in serum was determined by the 
method of Gornall et al. (7) with crystalline rat albumin as the standard, 
and the fraction of albumin was determined by electrophoresis using a 
commercial2 serum protein electrophoresis system. 


1 To be published. * Gelman Instrument Co., Ann Arbor, Mich. 
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Effect of Coadministered Salicylamide on Terbutaline 
Metabolism in Rats 


SAMPAT M. SINGHVI *, WALTER D. CONWAY x, 
MILO GIBALDI, and STEPHEN SHAAR* 


Abstract 0 Concomitant oral administration of salicylamide (200 mg/kg) 
and 3H-terbutaline (1 mg/kg) to rats with ligated bile ducts decreased 
absorption of terbutaline from the gut from 73 to 56% as measured by 
urinary excretion of radioactivity in 48 hr. No increase in the fraction of 
terbutaline excreted unchanged was observed, suggesting that sali- 
cylamide does not substantially inhibit the conjugation of terbutaline 
with glucuronic acid. An increase in the fraction of terbutaline excreted 
unchanged observed in normal animals may result from enhanced ex- 
cretion of terbutaline glucuronide into bile rather than from inhibition 
of conjugation. 


Keyphrases Salicylamide-effect on absorption and metabolism of 
terbutaline, rats 0 Terbutaline-absorption and metabolism, effect of 
salicylamide, rats 0 Absorption-terbutaline, effect of salicylamide, rats 
0 Metabolism-terbutaline, effect of salicylamide, rats Bronchodi- 
lators-terbutaline, absorption and metabolism, effect of salicylamide, 
rats 0 Analgesics-salicylamide, effect on absorption and metabolism 
of terbutaline, rats 


The metabolic fate of the bronchodilator drug terbu- 
taline in rats was reported following administration of 
5-mg/kg doses by oral, subcutaneous, intraperitoneal, and 
intraportal routes (1). Regardless of the route of admin- 
istration, only one metabolite, a glucuronide conjugate of 
terbutaline, was excreted in the urine along with un- 
changed drug. On oral administration, terbutaline was 
extensively conjugated by the intestinal mucosa during 
absorption from the gut lumen (1). In fact, the fraction of 
drug excreted unchanged in the urine was less than 3.5% 
of the dose at 10 mg/kg or less and rose to only 6.2% at lo00 
mg/kg (2). Therefore, it was decided to study the possi- 
bility of competitively inhibiting glucuronide conjugation 
and thereby increasing the transfer of unchanged terbu- 
taline across the intestinal epithelium by concomitant 
administration of salicylamide, another phenolic drug. 


Salicylamide inhibited the glucuronide conjugation of 
salicylic acid in humans (3) and decreased the formation 
of acetaminophen sulfate and, to a less extent, acetami- 
nophen glucuronide in humans (4). Salicylamide signifi- 
cantly inhibited the conjugation of isoproterenol in the dog 
intestine ( 5 ) .  Isoproterenol is structurally similar to ter- 
butaline; on oral administration to dogs, it was extensively 
metabolized and mainly excreted in urine as a sulfuric acid 
ester (6, 7). Introduction of 1-2 g of salicylamide into 
surgically isolated gut loops of dogs prior to isoproterenol 
administration raised the fraction of radioactivity found 
in the venous effluent as unchanged isoproterenol to about 
74% compared to about 4% in the absence of salicylamide 
(5). 


Since, in rats, terbutaline is excreted in urine mainly as 
the glucuronide, salicylamide might be expected to inhibit 
the conjugation. The effect in rats of various doses of sal- 
icylamide administered concomitantly with terbutaline 
on the amounts of free and conjugated drug subsequently 
excreted in urine is reported in this paper. 


EXPERIMENTAL 


Aqueous solutions of salicylamide (4-72 mg/ml) were prepared in 1 N 
NaOH, and the pH was adjusted to 10.0 with 1 N acetic acid. Appropriate 
volumes of solutions of nonradioactive and purified 3H-terbutaline were 
then added to provide solutions containing salicylamide equivalent to 
doses of 10,100, and 200 mg/kg and terbutaline base equivalent to a dose 
of 1 mg/kg in 1 ml. Aliquots of 1 ml of these solutions containing ap- 
proximately 70 pCi of tritium were administered orally to groups of three 
male Sprague-Dawley rats weighing approximately 250 g. 


Rats in a control group were given 1 ml of a buffered solution (0.15 M 
NaHC03 adjusted to pH 10 with 1 N NaOH) containing 1 mg of terbu- 
taline base/kg and approximately 70 rCi of tritium. All rats were fasted 
overnight prior to dosing and for 8 hr thereafter. Water was available ad 
libitum before and throughout the experiment. Urine was collected at  
intervals of 0-8,8-24, and 24-48 hr postmedication. 


An identical experiment was conducted using other groups of rats in 
which the common bile duct had been ligated with two sutures and then 
severed between the sutures immediately prior to drug administra- 
tion. 


Aliquots of 10-30 r l  of 0-8- and 8-24-hr urine were examined by 
electrophoresis using the technique of Conway et al. (8). Electrophoretic 
runs were made in pH 3.0 phosphate buffer, which provided adequate 
separation of all metabolites (I). 


The tritium content of urine was analyzed by liquid scintillation 
counting, and the radioactive zones on electrophoregrams were located 
and quantitated by scanning in a gas-flow counter as described previously 


RESULTS AND DISCUSSION 


Following oral administration of 3H-terbutaline in a solution buffered 
a t  pH 10 to normal rats, radioactivity was rapidly excreted in urine, ac- 
counting for mean values of 31% of the dose in 8 hr and 35% in 24 hr. 
These results are in good agreement with the reported excretion in urine 
of 40% of a 1-mg/kg dose of 3H-terbutaline administered in water (2). The 
excretion of radioactivity decreased with increasing doses of concomi- 
tantly administered salicylamide to 18 and 23% in 8 and 24 hr, respec- 
tively, with the highest dose (200 mg/kg) of salicylamide administered. 
Without or with coadministration of salicylamide, little additional ra- 
dioactivity was excreted in the urine in the 8-24-hr period and a negligible 
amount was excreted thereafter. 


In contrast, groups of rats with ligated bile ducts excreted 49,70, and 
73% of the administered radioactivity in 8-, 24-, and 48-hr periods, re- 
spectively; when salicylamide (200 mg/kg) was administered concomi- 
tantly, these values decreased to 17,50, and 56%, respectively. 


Ligation of the bile duct resulted in a more prolonged elimination of 
radioactivity in the urine whether or not salicylamide was adminis- 
tered. 


Compositions of the 0-24-hr urines are summarized in Fig. 1. In ani- 
mals with patent bile ducts, the total radioactivity excreted in urine de- 
creased with increasing doses of salicylamide, although the decrease was 
significant only at  the 200-mg/kg dose. At the same time, the small 
quantity of free terbutaline excreted increased about twofold in terms 
of percentage of dose or fourfold in terms of percentage of total radio- 
activity in urine. In animals with ligated bile ducts, the total radioactivity 
excreted in urine remained constant for doses of salicylamide up to 100 
mg/kg but decreased with the 200-mg/kg dose. Since excretion was es- 
sentially complete in 24 hr, these results confirm that coadministration 
of high doses of salicylamide decreases terbutaline absorption from the 
gut. 


The fraction of terbutaline excreted in unchanged ( i e . ,  free) form re- 
mained essentially constant in the bile duct-ligated animals, suggesting 
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Figure 1-Excretion of total radioactiuity and free terbutaline in the 
24-hr urine following oral administration of 3H-terbutaline (1 mg/kg) 
coadministered with salicylamide to rats with either patent or ligated 
bile ducts. Values are the means f l  SE for groups of three rats. 


that terbutaline in the intestinal wall and in the liver is not appreciably 
inhibited by coadministered salicylamide. A definitive explanation for 
the rise in the fraction of terbutaline excreted unchanged when sali- 
cylamide was coadministered to normal animals cannot be given. Nev- 
ertheless, the observation can be rationalized in terms of the reported 
finding (2) that unchanged terbutaline passing the gut and subsequently 
conjugated in the liver is preferentially excreted in the bile while the 
conjugate previously formed in the intestinal wall is preferentially ex- 
creted in urine. The simultaneous presence of salicylamide or its conju- 
gate might influence the partitioning between bile and portal blood of 
terbutaline glucuronide formed in the liver and thereby influence the 
observed fraction of terbutaline excreted unchanged in the urine. Such 


a process would not influence the ratio of metabolites in bile duct-ligated 
animals since all conjugated drug, regardless of its site of formation, would 
be excreted in urine. 
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Dehydrodiisoeugenol: A Naturally Occurring Lignan from 
Ark to  lochia t a 1 iscana ( Aristoloc hiaceae) 


F. IONESCU, S .  D. JOLAD, and J. R. COLE" 


Abstract The ethanol-water extract of Aristolochia taliscana Hook 
and Arn (Aristolochiaceae) yielded a compound which was identified as 
dehydrodiisoeugenol by means of elemental analysis, IR, UV, NMR, and 
mass spectra, and direct comparison with a synthetic sample. 


Keyphrases D Aristolochia talisccrna-ethanol-water extract of 
aboveground parts, dehydrodiisoeugenol isolated and identified 0 
Dehydrodiisoeugenol-isolated from ethanol-water extract of above- 
ground parts of Aristolochia taliscana Lignans-dehydrodiisoeugenol 
isolated from ethanol-water extract of aboveground parts of Aristolochia 
taliscana 


During the search for tumor inhibitory constituents 
from plants, it was found that the ethanol-water extract 
of stems, leaves, flowers, and fruits of Aristolochia t a b  
cana Hook and Arn (Aristo1ochiaceae)l contained a crys- 
talline substance that did not show tumor inhibition ac- 
tivity against the P-388 lymphocytic leukemia test system2 


Identification was confirmed by Robert Barr, College of Pharmacy, and Dr. 
Charles Mason, Botany Department, University of Arizona, Tucson, Ariz., where 
a reference specimen was a so deposited. 


*Data from the Drug Evaluation Branch, Drug Research and Development, 
Chemotherapy, National Cancer Institute, Bethesda, MD 20014. 


(3PS). However, to determine the nature of the potentially 
active constituents in the ethanol-water extract of this 
plant, it was decided to characterize the isolated com- 
pound. The plant was collected in Nayarit, Mexico, in June 
1970. 


RESULTS AND DISCUSSION 


Elemental analysis and molecular weight determination of the com- 
pound, mp 130°, by mass spectrometry indicated the molecular formula 
C20H2204. IR, UV, NMR, and mass spectral data revealed that the 
compound corresponded to dehydrodiisoeugenol (I), an oxidation cou- 
pling product of trans-isoeugenol(1). This structure was verified by direct 
comparison of UV and IR spectra, co-TLC, and mixed melting point with 
a synthetic sample3. 


Dehydrodiisoeugenol, licarin A, was previously isolated for the first 
time from the trunk wood of Licaria aritu Ducke (Lauraceae) and 
characterized by IR, UV, optical rotatory dispersion, NMR, and mass 
spectral methods (2). Except for its melting point (114-116') and optical 
activity, other data (UV, IR, and NMR) reported for licarin A4 were 
identical with the dehydrodiisoeugenol isolated from A. taliscana. 


3 Prepared in accordance with the procedure given in Ref. 1. ' Courtesy of Dr. 0. R. Gottlieb, Laboratoio de Produtos Naturais da Fundacao 
de Amparo a Pesquisa do Estado de San Paulo, Instituto do Quimica, Universidade 
do Sao Paulo, Brazil. 
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24-hr urine following oral administration of 3H-terbutaline (1 mg/kg) 
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that terbutaline in the intestinal wall and in the liver is not appreciably 
inhibited by coadministered salicylamide. A definitive explanation for 
the rise in the fraction of terbutaline excreted unchanged when sali- 
cylamide was coadministered to normal animals cannot be given. Nev- 
ertheless, the observation can be rationalized in terms of the reported 
finding (2) that unchanged terbutaline passing the gut and subsequently 
conjugated in the liver is preferentially excreted in the bile while the 
conjugate previously formed in the intestinal wall is preferentially ex- 
creted in urine. The simultaneous presence of salicylamide or its conju- 
gate might influence the partitioning between bile and portal blood of 
terbutaline glucuronide formed in the liver and thereby influence the 
observed fraction of terbutaline excreted unchanged in the urine. Such 


a process would not influence the ratio of metabolites in bile duct-ligated 
animals since all conjugated drug, regardless of its site of formation, would 
be excreted in urine. 
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Abstract The ethanol-water extract of Aristolochia taliscana Hook 
and Arn (Aristolochiaceae) yielded a compound which was identified as 
dehydrodiisoeugenol by means of elemental analysis, IR, UV, NMR, and 
mass spectra, and direct comparison with a synthetic sample. 
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(3PS). However, to determine the nature of the potentially 
active constituents in the ethanol-water extract of this 
plant, it was decided to characterize the isolated com- 
pound. The plant was collected in Nayarit, Mexico, in June 
1970. 


RESULTS AND DISCUSSION 


Elemental analysis and molecular weight determination of the com- 
pound, mp 130°, by mass spectrometry indicated the molecular formula 
C20H2204. IR, UV, NMR, and mass spectral data revealed that the 
compound corresponded to dehydrodiisoeugenol (I), an oxidation cou- 
pling product of trans-isoeugenol(1). This structure was verified by direct 
comparison of UV and IR spectra, co-TLC, and mixed melting point with 
a synthetic sample3. 


Dehydrodiisoeugenol, licarin A, was previously isolated for the first 
time from the trunk wood of Licaria aritu Ducke (Lauraceae) and 
characterized by IR, UV, optical rotatory dispersion, NMR, and mass 
spectral methods (2). Except for its melting point (114-116') and optical 
activity, other data (UV, IR, and NMR) reported for licarin A4 were 
identical with the dehydrodiisoeugenol isolated from A. taliscana. 
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EXPERIMENTAL5 


Air-dried stems, leaves, flowers, and fruits of A. taliscana (5.5 kg) were 
ground in a Wiley mill and macerated with ethanol-water (1:l v.v). The 
aqueous ethanol extract was filtered and air dried, and the residue (1 kg) 
was repeatedly extracted with methanol until the methanol was clear. 
The combined methanol filtrate was air dried, and the residue was ex- 
haustively extracted with ether. The combined ether extract, after re- 
moval of the solvent under vacuum, was subjected to three-funnel par- 
tition between benzene- methanol-water (85:l v/v) (each phase was 1600 
ml). 


The lower phases were combined and air dried, and the residue (28 g) 
was chromatographed on an aluminum oxide (Grade III; 1 kg) column 


5 Carbon and hydrogen analyses were carried out by Chemalytics, Inc., Tempe, 
Ariz. Melting points were determined on a Kofler hot-stage apparatus and are 
uncorrected. UV and IR spectra were run on a Beckman KB spectrophotometer 
and a Beckman IR-33, respectively. NMR and mas5 spectra were run using a Varian 
T-60 spectrometer and a Hitachi Perkin-El.mer double-focusing spectrometer 
(model RMU-GE), respectively. Optical rotations were run in chloroform using a 
Cary 60 spectropolarimeter. 


Rapid GLC Determination of Propranolol in 
Human Plasma Samples 


ROBERT E. KATES and CATHERINE L. JONES * 


using hexane with increasing concentrations of acetone (0.145%) as the 
eluent. Fifty 250-ml fractions were collected. Based on TLC analysis, 
fractions 9-34 were combined to give a residue. Treatment with petro- 
leum ether yielded a colorless material, which was filtered and then 
crystallized from methanol as colorless needles. The melting point, 130°, 
was undepressed by admixture with a synthetic sample. 


The IR (KBr: A,, 3450,3040,2970,2930,2880,2850, and 955 ern-'), 
UV [CH30H: Amax 243 (log c 4.55) and 276 (4.35) nm], NMR [CDC13: 6 
1.35(3H,d),1.83(3H,d),3.12-3.73(1H,m),3.38or3.85(3H,s),3.38or 
3.85 (3H, s), 5.07 (IH, d), 5.67 (IH,s),6.01-6.27 (lH,m),6.01-6.27 (1H, 
m), and 6.734.93 (5H, m) ppm], and mass [mle 326 (M+, base), 311,283, 
202,189, 163,151,149, and 1371 spectra are in accord with Structure I. 
This compound was optically inactive, [a13 f 0'. 


Anal.-Calc. for CzoHzz04: C, 73.68; H, 6.80: mol. wt.. 326. Fonnd: C ,  
73.70; H, 6.91; rnle 326 (M+). 
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Abstract A rapid GLC method for measuring plasma propranolol 
levels is reported. 4-Methylpropranolol was utilized as an internal 
standard. Pentafluoropropionate derivatives of propranolol and the in- 
ternal standard eluted rapidly and gave good sensitivity under the con- 
ditions employed. The advantage of this procedure over previously re- 
ported methods is the speed of analysis, which is facilitated by rapid 
elution of contaminant peaks. 


Keyphrases 17 Propranolol-GLC analysis, human plasma 0 GLC- 
analysis, propranolol in human plasma 0 Cardiac depressants-pro- 
pranolol, GLC analysis in human plasma 


Recent studies demonstrated that the effect of pro- 
pranolol is plasma level related (1,Z).  The accurate mea- 
surement of plasma propranolol levels has become essen- 
tial for studies involving the mechanism of action of this 
agent; in some institutions, the monitoring of plasma 
propranolol levels is being used to aid patient therapy. 
Because of the increasing demand for rapid and accurate 
analysis of propranolol in plasma samples, previously re- 
ported procedures are being modified to increase efficiency 
and new procedures are being offered as improved alter- 
natives. 


The fluorometric method for measuring propranolol in 


biological fluids recently was reported to be limited with 
respect to both specificity and sensitivity (3). Three GLC 
procedures were proposed, two utilizing trifluoroacetyl 
derivatives (4,5) and one utilizing a difluorobutyrate de- 
rivative (6); each employs a different internal standard. 
These three methods have their subtle differences and 
each, in order of publication, offers an advantage over the 
previous method. When analyzing large numbers of sam- 
ples, however, these methods share one common disad- 
vantage: the slow elution of contaminant peaks, which 
limits the frequency with which samples can be injected. 
Because of this limitation, an alternative procedure was 
developed, affording a greater efficiency by facilitating the 
more rapid analysis of large numbers of samples. 


EXPERIMENTAL 
Reagents-Glass-distilled1 benzene, ethyl acetate, and cyclohexane 


were used, and 5 N NaOH, 0.2 N HzS04, and 0.05 M, pH 11.5 phosphate 
buffer were prepared with double-distilled water and extracted twice with 
benzene. GLC grade pyridine2 was diluted to 1.5% in ethyl acetate. 


Burdick & Jackson Laboratories, Muskegon, Mich. 
Pierce Chemical Co., Rockford, Ill. 
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Figure 3-IR spectra of I and 11. 


ppm due to the hydrogen-bonded (enolic) protons a t  C-4 and/or C-4’ 
(13). 


The poor solubility of I1 in deuterated chloroform necessitated the use 
of an NMR spectrometer equipped with a Fourier transform data system. 
The sample was analyzed overnight; all peaks were identifiable and ap- 
peared at their expected chemical shifts, but the spectrum could not be 
quantitated. Therefore, nonaqueous titration was used to quantitate the 
enolic protons. As expected, titration curves of I1 yielded two sharp breaks 
corresponding to two protons. One proton is  believed to be at  C-4 or C-4’ 
on each ligand molecule. 


The IR spectra of I and I1 are shown in Fig. 3. Due to intramolecular 
hydrogen bonding, the carbonyl stretching frequency of I appeared at 
1660 cm-1 (13). When I was 0-methylated and no intramolecular hy- 
drogen bonding could occur, the carbonyl peak was shifted to 1725 cm-’ 
(13). Since there was no shift to longer wave numbers in the carbonyl 
stretching frequency of 11, both carbonyl groups in each ligand probably 
were bonded. Baaed on the presence of two titratable protons on 11, it 
seems reasonable that one carbonyl group in each ligand was still intra- 
molecularly hydrogen bonded and that the other carbonyl was bonded 
with magnesium. 


Intramolecular hydrogen bonding also affected the position of the 
hydroxyl peak in the IR region. This peak appeared at  3100 cm-’ for I; 
however, I1 exhibited a large, broad water band between 3700 and 2800 
cm-1. Since I1 is believed to retain one intramolecular hydrogen bond 


on each ligand, the hydroxyl band at 3100 cm-l was probably concedsd 
beneath the water band. 


In summary, elemental analyses conclusively established a 2:l li- 
gand-metal stoichiometry for I1 and the IR and other analytical data are 
consistent with Structure I1 in Scheme I. X-ray studies on the chelate 
are currently underway to substantiate further the structure. 
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X-Ray Analysis of 
Sulfur-Containing Colchicine Derivatives 


CATHERINE KOERNTGEN and T. N. MARGULIS’ 


Abstract 0 The crystal and molecular structures of deacetylthiocol- 
chicine hydrochloride dihydrate and thiocolchicine hexahydrate were 
determined by X-ray diffraction. The replacement of oxygen by sulfur 
on the C ring methoxy group causes greater puckering of the troponoid 
ring. The conformation of one A ring methoxy group differs from that 
of colchicine derivatives that do not contain sulfur. 


Keyphrases 0 Colchicine derivatives-X-ray diffraction determination 
of crystal and molecular structures Thiocolchicines, various-X-ray 
diffraction determination of crystal and molecular structures X-ray 
diffraction-determination of crystal and molecular structures of various 
thiocolchicines 0 Crystal and molecular structures-various thiocol- 
chicines, X-ray diffraction determination 


Colchicine (I), an ancient drug, is used primarily in the 
treatment of gout. Attempts to use this powerful mitotic 
inhibitor in the treatment of human malignancies have 


been largely unsuccessful. Other mitotic poisons, however, 
are being used successfully with human tumors. In par- 
ticular, vinblastine and vincristine are used for the treat- 
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Table I-Coordinates of Atoms Other than Hydroaen in I1 * 0 ii 


R - O C H 3  
CH,O' bCH3 


I:  R, = NHCOCH,, R, = OCH, 


111: R, = NHCOCH,, R, = SCH, 
IV: R, = NHCOCH,, It, = SC,H, 


VI: R, = NHCH,, R, = OCH, 


11: R, = NH,; R, = SCH, 


V: R, = NHCOCH,, R, = S-n-C,H, 


ment of Hodgkin's disease, leukemia, and some solid 
cancers (1). 


Thiocolchicines, in which sulfur replaces oxygen in the 
troponoid methoxy group of a colchicine derivative, were 
first prepared in 1954 (2-5). Recently, a series of new 
thiocolchicines was prepared (6) with groups larger than 
methyl on the sulfur atom. In general, substitution of 
sulfur for oxygen in itself does not inhibit, and in some 
cases may increase, colchicine activity. 


Deacetylthiocolchicine hydrochloride (11) inhibited the 
binding of colchicine to microtubule protein and had 
nearly equivalent antimitotic and anti-inflammatory ac- 
tivities (7). Compound I1 also had about the same activity 
against mouse leukemia as colchicine (6). In the allium 
test, I1 and thiocolchicine (111) were somewhat more active 
than colchicine in their ability to arrest mitosis (8). With 
groups larger than methyl attached to the sulfur atom, 
activity was diminished; ethylthiocolchicine (IV) was 
slightly active and n-butylthiocolchicine (V) was inactive 
(6). 


Colchicine is believed to bind to tubulin, preventing 
assembly into microtubules. Mictotubules are involved in 
several important biological processes including chromo- 
some movement, development of asymmetric cell shape, 
cell motility, and, possibly, nerve transmission. To gain a 
detailed understanding of the colchicine-tubulin inter- 
action, X-ray diffraction studies of inactive, as well as ac- 
tive, colchicine derivatives and other antimitotic drugs are 
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Figure 1-Bond lengths ( A )  and bond angles (" ) for  atoms other than 
hydrogen in II. Standard deviations are approximately 0.005 A and 0 . 4 O ,  
respectively. 
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Atom X Y 2 


S 0.75908 (14) -0.34348 (9) 0.39608 (4) 
c1 -0.03668 (15) 0.38244 (10) 0.44701 (6) 
N 0.1248 (4) 0.0095 (2) 0.4998 (1) 
0-1 0.5744 (4) -0.2684 (2) 0.47997 (9) 
0-3 0.5451 (3) 0.1921 (2) 0.33360 (9) 
0-4 0.3745 (4) 0.3709 (2) 0.2862 (1) 
0-5  0.0204 (3) 0.3636 (2) 0.2689 (2) 


-0.0944 (4) 0.5601 (1) Water 0-1 -0.2595 (6) 
Water 0-2 -0.1420 (4) 0.1675 (3) 0.5137 (1) c-1 0.5251 (5) -0.2092 (3) 0.4417 (1) 
c-2 0.6118 (5) -0.2281 (3) 0.3910 (1) 
c-3 0.5887 (5) -0.1655 (3) 0.3460 (1) 
c-4 0.4834 (5) -0.0664 (3) 0.3369 (1) 
c - 5  0.3597 (4) -0.0120 (3) 0.3677 (1) 
C-6 0.3073 (4) -0.0454 (3) 0.4197 (1) 
c-7 0.3846 (5) -0.1285 (3) 0.4502 (1) 
C-8 0.2691 (4) 0.0889 (3) 0.3428 (1) 
c -9  0.0848 (4) 0.0858 (3) 0.3348 (1) 
(2-10 -0.0011 (5) 0.1763 (3) 0.3101 (1) 
c-11 0.0940 (5) 0.2711 (3) 0.2942 (1) 
(2-12 0.2777 (5) 0.2781 (3) 0.3026 (1) 
C-13 0.3633 (4) 0.1854 (3) 0.3264 (1) 


C-16 0.1477 (4) 0.0194 (3) 0.4414 (1) 
(2-18 0.5971 (6) 0.2217 (5) 0.3858 (2) 


0.4740 (4) 0.3161 (2) c-19 0.3480 (8) 
0.3653 (4) 0.2651 (2) c-20 -0.1682 (6) 


c-21 0.8542 (7) -0.3551 (4) 0.3316 (2) 


ntheses as deviations in the last 
figure. The numbering system omits 0-2  and (!?to make it compatible with the 
numbering used in demecoleine (10). 


C-14 -0.0166 (5) -0.0172 (3) 0.3548 (1) 
C-15 -0.0256 (5) -0.0196 (3) 0.4153 (1) 


0 Estimated standard deviations are given in 


being performed. This report describes the crystal and 
molecular structures of I1 and 111. 


EXPERIMENTAL 


All X-ray data for cell dimensions and intensities were collected on an 
automatic diffractometer with monochromatized CuKa (A = 1.54178 A) 
radiation. Cell dimensions were calculated by least-squares fitting of the 
diffractometer angles for 15 reflections. Intensities were measured with 
28 - 8 scans and converted to structure factors without correction for 
absorption. Densities were measured by flotation. Refinement of each 
structure was accomplished by fuIl-matrix least squares with atomic 
scattering factors from the literature (9). 


The structure of I1 was solved by the conventional heavy atom method. 
The crystal', obtained by slow evaporation from aqueous solution, had 
approximate dimensions of 0.2 X 0.2 X 0.4 mm. The final value of R = 
Zl IF0b.l - lFeall 1/21Fobl was 0.035 for 1911 observed reflections2. In 


0°' 


Figure 2-One molecule of II ,  with hydrogen atoms omitted. 


Obtained from Roussel-Uelaf. 
Obeerved and calculated structure factors and thermal parameters are available 


from the authors. 
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Table 11-Hydrogen Atom Coordinates and Bond Lengths for I1 


Hydrogen Atom 
Bonded to X Y Z Db. A 


Table 111-Selected Torsion Angles, T, in Biologically Active 
Colchicine Derivatives 


Atom T o ,  VI" To, I I b  Yo. IIIb 


Water 0-1 0.648 -0.033 0.564 1.0 
Water 0-1' 0.676 -0.143 0.543 0.9 
Water 0-2 -0.178 0.227 0.485 1.0 
Water 0-2' -0.249 0.155 0.523 0.9 
N 0.022 0.067 0.509 1.1 
N' 
N" 
c -3  
c-4 
c -7  
C-10 
C-14 
C-14' 
C-15 
C-15' 
C-16 
(2-18 
c-18' 
C-18" 
c-19 
(2-19' 
c-19" 
c-20 
c-20' 
c-20" 
(2-21 


0.094 
0.248 
0.658 
0.514 
0.345 


-0.132 
-0.137 


0.043 
-0.063 
-0.129 


0.152 
0.726 
0.559 
0.557 
0.395 
0.450 


-0.055 0.510 0.8 
0.044 0.519 1.1 


-0.189 0.311 1.1 
-0.039 0.299 1.0 
-0.141 0.487 1.0 


0.166 0.302 1 .o 
-0.011 0.340 1.0 
-0.104 0.342 1.2 
-0.097 0.428 1.0 


0.038 0.428 1.1 
0.103 0.435 1.0 
0.233 0.386 1.0 
0.290 0.396 0.9 
0.168 0.415 1.0 
0.469 0.348 0.9 
0.533 0.298 1.1 


0.217 0.471 0.341 1.2 
0.782 0.298 0.246 1.0 
0.801 0.431 0.247 0.9 
0.770 0.366 0.300 1.0 
0.944 -0.267 0.333 1.2 


c-21' 0.912 -0.425 0.327 0.9 
c-21" 0.760 -0.356 0.307 1.0 


a Estimated standard deviations are approximately 0.005,0.003, and 0.001 for 
x, y, and z, respectively, and 0.1 A for bond lengths. * CH, OH, or NH bond 
length. 


the final cycles, hydrogen atoms, located in a difference map, were refined 
with isotropic temperature factors while all other atoms were refined 
anisotropically . 


Thiocolchicine' yields crystals easily from aqueous solution, but they 
lose water rapidly. Therefore, data were collected with a crystal, ap- 
proximately 0.3-mm cube, in a capillary surrounded by mother liquor3. 
A trial structure was obtained by direct methods using the computer 
program MULTAN. A difference map gave the location of one full water 
and two partially occupied water sites but showed evidence of consider- 
able disorder in the water structure. This map also revealed about half 
of the hydrogen atoms, but they were not included in the refinement. The 
final R factor, with all atoms anisotropic, with one ordered and two half 
water oxygen atoms, was 0.12 for 1613 nonzero reflections2. 


P 


d 


0 


Figure 3-Crystal structure of II. Dashed lines are hydrogen bonds. 
Hydrogen atoms are omitted. 


3 Thiocolchicine also forms crystals from ethyl acetate. These are monoclinic, 
space group P21 with a = 21.23 f 0.03, b = 7.188 f 0.004, and c = 18.59 f 0.05 A, 
and f l  = 110.9 f 0.2'. 2 = 4. 


Troponoid Ring 
c-7-c-1-c-2-c-3 c- 1-c -2-c - 3-c -4 
c-2-c-3-c-4-c-5 
C-3-C-4-C-5-C-6 
C-4-C-5-C-6-C-7 
C-5-C-6-C-7-C-1 
C-6-C-7-C-1-C-2 


C-8-C-5-C-6-C- 16 
C-5-C-6-C-16-C-15 
C-6-C-16-C-15-C-14 
C- 16-C- 15-C- 14-C-9 
C-15-C-14-C-9-C-8 


B Ring 


C-14-C-9-C-8-C-5 
C-9-C-8-C-5-C-6 


OCHl and SCHl 


-3.0 7.7 
0.9 2.5 


-0.8 -8.6 
3.1 0.6 


-3.7 8.2 
0.0 -3.8 
3.1 -7.1 


-4.5 6.5 
80.8 73.8 


-48.3 -51.7 
-41.3 -38.9 


71.1 70.3 
4.2 3.5 


-53.9 -60.1 


3 
1 


-2 
3 


-7 
10 
-8 


-3 
82 


-50 
-39 


68 
7 


-55 


C-12-C-13-Or3-C-18 82 101 104 
c-11-c-12-0-4-c-19 -82 72 78 
C-10-C-11-0-5-C-20 8 8 1 
C-3-C-243 or 0-2)-C-21 0 0 -2 


See Ref. 10. This work. 


RESULTS AND DISCUSSION 


Compound I1 dihydrate, C2oH2rNO&+C1--2 HzO, forms orthorhombic 
crystals, space group P212121, with a = 7.538, b = 11.663, and c = 25.375 
A and four molecules per unit cell. All atoms are in general positions given 
by x, y, and z: 'h -x, -y, and 'h tz; )c, +x, 'h -y, and -2; and -x, % +y, and 
% -2. Atomic parameters are listed in Tables I and 11. These parameters 
are used to calculate the bond lengths and angles given in Fig. 1. A picture 
of a single molecule is given in Fig. 2. 


The crystal structure of IIis illustrated in Fig. 3. The dashed lines show 
hydrogen bonds that link the molecules in sheets running perpendicular 
to the c axis. The ions are linked directly by an NH-0 hydrogen bond 
in the same manner as is found in the crystal structure (10) of demecolcine 
(VI). In addition, there are hydrogen bonds from N to C1- and to water, 
from 0-1 to water, from water to water, and from water to C1-. There are 
no intramolecular hydrogen bonds and no hydrogen bonding between 
sheets. 


The substitution of sulfur for oxygen causes small, but significant, 
changes in the troponoid ring. While tropolone had been considered to 
be aromatic, recent results indicate that there is not complete delocali- 
zation of the *-electrons. The best diffraction work shows a clear alter- 
nation in bond lengths about the ring, whereas an aromatic ring ought 
to have equal lengths. Hamor and Derry (11) found that the tropolone 
ring is not planar but may be described as a boat with angles of about 2' 
between its planes. 


In 11, some of these effects are exaggerated because the sulfur provides 
less opportunity for electron delocalization than oxygen. The bond length 
alternation is apparent with the formally double bonds averaging 1.370 


b \ 


J 


Figure 4-Crystal structure of hydrated Il l .  Dashed lines are hydrogen 
bonds. The region around the origin and corners of the unit cell contain 
disordered water of hydration. Some atoms in the C ring, the troponoid 
ring, are displaced for clarity. 
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Table IV-Positional Parameters  in I11 a is 6.79 8, in VI and 6.53 A in 11. Torsion angles for the B ring (Table 111) 
are similar to those in VI, the difference being due to differences in the 
troponoid ring buckling. 


Compound 111 forms trigonal crystals space group P3121, with a = b 
= 14.532 f 0.02 and c = 23.453 f 0.03 A. The observed density is 1.23 
g/cm3. With six water molecules per molecule, the calculated density is 
1.22 g/cm3. The compound is thus formulated as C22H25NO&6HzO with 
six formula weights per unit cell. All atoms are in general positions given 
by x, y, and z: -y. x - y, and f +z; y - x, -x, and ?$ +z; y, x, and -2; -x, 
y - x, and % -2; and x - y, -y, and % -2. The thiocolchicine molecules 
are arranged around the 31 axis, leaving a large opening containing water 
of crystallization (Fig. 4). The methoxy groups point in, toward another 
31 axis, giving a hydrophobic area in the crystal. 


As in I1 and VI, there is an NH-0 hydrogen bond to 0-1. Most of the 
water is disordered. The oxygen of the one ordered water forms hydrogen 
bonds to carboxyls 0-1  on one molecule and 0-6 on another; two disor- 
dered waters, refined as half atoms, are hydrogen bonded to 0-4 (a mg- 
thoxy oxygen) and to water. A difference map shows numerous other 
small peaks due to disordered water in the hole a t  the origin. The disorder 
in the water structure accounts for the rather high R factor and leads to 
large standard deviations in bond lengths. For this reason, bond lengths 
and angles are not listed in detail. The molecule has the same structure 
as I1 within the limits of this analysis. Atomic parameters are listed in 
Table IV, and one molecule is shown in Fig. 5. 


The conformation of the methoxy group is different in these two sulfur 
derivatives from that in VI. In general, methoxy groups on benzenoid 
rings adopt either a planar conformation (torsion angle T = 0’) with the 
methyl carbon in the plane of the benzenoid ring or a perpendicular 
conformation ( T  = 90’) with the methyl group sticking out as far as 
possible from this plane5. If the methyl group is on the opposite side of 
the ring from that of T = go”, i t  would be described as T = -90’. 


Atom X V Z 


0.7583 (2) 
0.7407 (5) 
0.4847 (5) 


S 
0-1 
0-3  
0 - 4  
0-5 
0-6 
N 
Water 0-1 
Water 0 - 2  


0.5907 (5) 
0.799 (1) 
0.574 (1) 


0.4963 (5) 
0.561 (1) 
0.372 (1) 
0.388 (1) 0.574 i i i  0.3684 (5) 


0.712 i i j  
0.883 (1) 
0.994 (2) 


0.571 i i j  
0.405 (1)  
0.589 (1) 
0.209 (1) 


0.3168 i 5 j  
0.5748 (5) 
0.5739 (7) 


0.816 (2) 
0.314 (4) 


0.5273 (7) 
0.601 (2 )  0.368 (4) 


Water 0 - 3  c-1 
c - 2  
c-3 
c-4 


0.283 i4j 
0.763 (2) 
0.650 (2) 
0.589 (2) 


0.192 i4j 
0.553 (2) 
0.518 (2) 


0.303 i2j  
0.6932 (7) 
0.6901 (7) 
0.6427 (7) 0.502 (2) 


0.510 (2) 
0.543 (2) 


0.615 (2) 0.5836 (7) 
0.5601 (7) c-5 


C-6 
0.714 i2j 
0.811 (2) 
0.836 (2) 
0.714 (2) 
0.786 (2) 
0.796 (2) 
0.714 (2) 
0.645 (2)  
0.646 (2) 
0.872 (2) 


0.570 i i  j 
0.582 (2) 
0.548 (2) 


0.5887 i 7 j  
0.6464 (7) 
0.4948 (7) 


_ .  


c-7 
C-8 
c-9 0.641 (2) 


0.664 (2) 
0.565 (2) 
0.471 (2) 
0.465 (2) 
0.734 (2) 
0.709 (2) 
0.596 (2) 
0.499 (2) 
0.306 (2) 
0.329 (2) 
0.671 (2) 
0.458 (2) 
0.474 (2) 


0.4711 (8) 
0.4079 (8) 
0.3759 (8) 
0.4011 (9) 
0.4622 (7) 
0.5061 (8) 
0.5298 (8 )  


C-10 ~ ~. 


c-11 
c-12 
C-13 
c-14 
c-15 
C-16 
C-17 
C-18 
c-19 
c-20 
c-21 
c-22 


0.955 (2) 
0.907 (2) 
0.976 (2) 
0.619 (2) 
0.620 (2) 
0.788 (2) 
0.456 (2) 
1.066 (2) 


0.5492 i 7 i  
0.5809 (8) 
0.5041 (9) 
0.3364 (9) 
0.2891 (8) 
0.7469 (8) 
0.598 (1) 


See footnote a .  Table I 


8, and the formally single bonds4 averaging 1.428 A. The ring may be 
described as a boat consisting of three planes: (C-3-C-4-C-5-C-6), (C- 
2-C-3-C-6-C-7), and (C-1-C-2-C-7-0-1). The dihedral angle is 6.7’ 
between the first and second of these planes and 5.1’ between the second 
and third, larger angles than are seen in other tropolones. 


Table 111 lists the torsion angles around some selected bonds for I1 and 
VI. The larger torsion angles of the troponoid ring in I1 are a measure of 
the lack of planarity, since a planar ring would have all torsion angles zero. 
This buckling of the troponoid ring leads to some changes in distances 
between atoms on the A and C rings. In particular, the 0-1-0-3 distance 


While the conformation of all three compounds is the same a t  0-3,0-5, 
and SCH3 or OCH3 on the troponoid ring, the 0 - 4  methoxy is on the 
opposite side of the benzenoid ring in the sulfur-containing compounds 
(Table 111). 


Except for the large conformational changes possible in the methoxy 
groups, the colchicine molecule is rigid. All derivatives may be described 
as containing two nearly planar moieties twisted by about 54-60’ from 
each other. Indeed, even inactive molecules such as colchicoside and 
isocolchicine (12) fit this basic description. The methoxy groups in such 
a wide variety of natural products are probably crucial to the interaction 
with tubulin (10,12, 13). The structure of thiocolchicine serves as a re- 
minder that an OCH3 group may participate in hydrogen bonding and 
is not necessarily associated with hydrophobic interactions. In addition, 
methoxy can rather easily change conformation, which may play a role 
in the specificity of these molecules. For example, a change in the me- 
thoxy conformation may take place just before binding, with the methoxy 
group protecting the ring until the binding site is reached. 
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Simultaneous Automated Determination of 
Spironolactone Metabolites in Serum 


PETER NEUBERT” and KLAUS KOCH 


Abstract 0 An automated two-phase method for the simultaneous 
fluorometric determination of the spironolactone metabolites canrenone 
(11) and canrenoic acid (111) in serum is described. The determination 
is performed by two dichloroethane extractions of the same serum sample 
at  different pH values. The fluorescence developed in 65% (v/v) sulfuric 
acid is measured in two separate fluorometers (one each for canrenone 
and canrenoic acid). Comparable specificity and sensitivity to the manual 
procedure are obtained, with sensitivity limits of 20 ng of II/ml and of 
30 ng of IWml in serum. This method is applicable to the automated 
determination of drugs and metabolites in biological material when 
several extraction steps are involved. 


Keyphrases Canrenone and canrenoic acid-automated simultaneous 
fluorometric analyses, serum 0 Fluorometry-automated simultaneous 
analyses, canrenone and canrenoic acid, serum 0 Automated analyses- 
simultaneous fluorometric analyses of canrenone and canrenoic acid, 
serum 0 Spironolactone metabolites-canrenone and canrenoic acid, 
automated simultaneous fluorometric analyses, serum Aldosterone 
antagonists-canrenone and canrenoic acid, automated simultaneous 
fluorometric analyses, serum 


Spironolactone’ (I) inhibits the aldosterone-initiated 
reabsorption of sodium ions from the distal portion of the 
renal tubule. The increased excretion of sodium ions is the 
underlying principle of the diuretic action in the treatment 
of edema. 


Compound I is rapidly metabolized in the body after oral 
administration (1, 2). The elimination of the thioacetyl 
group on C-7 gives rise to canrenone2 (11). Canrenone, as 
a y-lactone, is in a pH-dependent equilibrium with the 
corresponding y-hydroxycarbonic acid, canrenoic acid2 
(111) (Scheme I). 


Compounds I1 and I11 are relatively stable in the phys- 
iological pH range of 5-9, but greater pH changes and en- 
zymatic processes change the ratio of the two metabolites 
(3). For this reason, knowledge of the blood level curves for 
both metabolites is important for assessing the absorption, 
distribution, and excretion of spironolactone. 


Gochmann and Gantt (4) first described the procedure 
for the fluorometric determination of canrenone by mea- 


l Aldactone, Boehringer Mannheim GmbH. 
Compound I1 was formerly referred to as aldadiene, and 111 was referred to as 


aldadienic acid (1.2).  


jCOOH 


n I11 
Scheme I 


surement of the fluorescence in 65% sulfuric acid. The 
structure of the fluorophore (IV) produced by the reaction 
of sulfuric acid with canrenone and canrenoic acid was 
elucidated ( 5 ) .  


The high intensity of the fluorescence of the trienone 
(IV) in 65% sulfuric acid permits the sensitive determi- 
nation of the metabolites in both manual (6) and auto- 
mated procedures. The manual procedure is time con- 
suming since four extractions are necessary. The analysis 
is complicated further by the caustic nature of the reagents 
dichloroethane and 65% sulfuric acid. The automation of 
the analytical procedure was therefore desirable and is the 
subject of this report. 


rCOOH 


Iv 
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Comparative Pharmacokinetics of 
Coumarin Anticoagulants XXIV: Effect of Treatment with 
Phenobarbital on Serum Protein Binding of 
Warfarin and Dicumarol in Rats 


AVRAHAM YACOBI, JOHN T. SLATTERY, and GERHARD LEVY x 


Abstract 0 Rats were treated with the enzyme inducer phenobarbital 
to determine if it would affect the serum protein binding of warfarin and 
dicumarol, possibly by changing the rate of formation or elimination of 
endogenous inhibitor(s). Daily administration of phenobarbital, 75 
mg/kg, for 4 days increased relative liver size (a concomitant of enzyme 
induction) but had no apparent effect on the serum protein binding of 
warfarin and dicumarol. 


Keyphrases 0 Phenobarbital-effects on serum protein binding of 
warfarin and dicumarol, rats Protein binding, serum-warfarin and 
dicumarol, effect of phenobarbital, rats n Binding, serum protein- 
warfarin and dicumarol, effect of phenobarbital, rats 0 Warfarin-serum 
protein binding, effect of phenobarbital, rats Dicumarol-serum 
protein binding, effect of phenobarbital, rats 0 Anticoagulants-warfarin 
and dicumarol, serum protein binding, effect of phenobarbital, rats 0 
Enzyme inducers-phenobarbital, effect on serum protein binding of 
warfarin and dicumarol, rats 


The total clearance of warfarin by the body is directly 
proportional to the free fraction of this drug in serum of 
rats (1, 2) and humans (3). There are pronounced inter- 
individual differences in free fraction values of warfarin 
(4) and corresponding differences in the total clearance of 
this drug by the body (2,3). Ongoing studies in rats1 indi- 
cate that this is true also for the other major coumarin 
anticoagulant, dicumarol. There is no relationship between 
the free fraction values of either warfarin (2) or dicumarol 
(data in this report) and the concentration of albumin in 
serum. 


Recent studies showed that endogenous inhibitors in 
uremic as well as in normal human serum cause a decrease 
in the protein binding of warfarin and other drugs (5). 
Therefore, interindividual differences in the serum protein 


binding of warfarin and dicumarol may be caused by cor- 
responding differences in the serum concentration of such 
inhibitors. Treatment with an enzyme inducer such as 
phenobarbital may change the serum protein binding of 
warfarin, dicumarol, and other drugs by changing the 
concentration of endogenous inhibitors in serum. This 
situation could result from a change in the formation or 
elimination kinetics of the inhibitors due to increased ac- 
tivity of certain enzyme systems. Accordingly, a study was 
initiated to determine the effect of treatment with phe- 
nobarbital on the protein binding of warfarin and dicu- 
marol in the serum of rats. 


EXPERIMENTAL 


Forty-eight adult male Sprague-Dawley rats, -350 g, were used for an 
initial screening study. About 3 ml of blood was obtained from the tail 
artery of each animal, and serum was separated. The free fraction of ra- 
cemic warfarin in these serum samples was determined by equilibrium 
dialysis as described previously (2). Based on the results of this screening 
study, 20 rats were selected and classified into 10 pairs with very small 
intrapair and large interpair differences in the warfarin free fraction 
value. 


Four days later, one member of each pair received phenobarbital, 75 
mg/kg/day ip, for 4 days while the other member received injections of 
normal saline solution. One day later, the animals were sacrificed by re- 
moving all blood from the aorta under ether anesthesia. The liver was also 
removed, compressed slightly between paper tissue to remove remaining 
blood, and weighed. Serum was separated and used to determine the free 
fraction values for warfarin (2) and dicumarol(6) by equilibrium dialysis. 
The concentration of total protein in serum was determined by the 
method of Gornall et al. (7) with crystalline rat albumin as the standard, 
and the fraction of albumin was determined by electrophoresis using a 
commercial2 serum protein electrophoresis system. 


1 To be published. * Gelman Instrument Co., Ann Arbor, Mich. 
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0 Table I-Effect of Treatment with Phenobarbital on the Serum 
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Figure 1-Effect of phenobarbital treatment (75 mg/kg/day for 4 days) 
on the free fraction of warfarin in the serum of individual rats. Shown 
is a plot of free fraction values determined in a screening study pre- 
ceding the experiment against the free fraction values in the same an- 
imals I day after the treatment period. Key: ., animals treated with 
phenobarbital; and 0, control animals that received only saline solution. 
The stippled line has a slope of unity. 


RESULTS AND DISCUSSION 


The warfarin free fraction value in the serum of the 20 selected rats 
ranged from 0.00344 to 0.0286 in the screening experiment. The per- 
centage difference in the free fraction value within the 10 matched pairs 
was 3.9 f 2.5 (mean f SD) .  The correlation of free fraction values be- 
tween the members of the 10 pairs was strong and highly statistically 
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Figure 2-Effect of phenobarbital treatment on the free fraction of 
dicumarol i n  the serum of rats. Plotted are the free fraction values in  
10 control rats against the free fraction values in I0 phenobarbital- 
treated rats (r = 0.863, p < 0.001). The 10 pairs of rats were matched 
on the basis of nearly identical warfarin free fraction values in a pre- 
ceding screening experiment. The stippled line has a slope of unity. 


Free Fraction X 100a Ratio, 
Group Before After AfterBefore 


Control 1.22 1.28 1.06 f 0.107 


Phenobarbital 1.17 1.14 1.03 f 0.122c 
(0.344-2.86) (0.389-3.34) 


treated (0.315-2.72) (0.350-2.38) 


a Mean (range) for 10 animals per group, 4 days before and 1 day after daily in- 
Mean fSD. Not statistically jections of phenobarbital (75 mg/kg) for 4 days. 


significantly different from control ratio values. 


significant (r = 0.997, p < 0.001). The group treated with phenobarbital 
had a significantly higher relative liver weight than the control group (37.0 
f 3.5 versus 30.9 f 1.6 g/kg, p < 0.001), but there was no significant 
difference in serum albumin concentration (3.30 f 0.20 versus 3.49 f 0.20 
g/100 ml, p > 0.1). 


Treatment with phenobarbital had no apparent effect on the serum 
protein binding of warfarin (Table I). There was a strong correlation 
between the pretreatment and posttreatment free fraction values for 
individual animals (Fig. 1). The correlation coefficients for the data from 
control and phenobarbital-treated animals were 0.957 ( p  < 0.001) and 
0.906 ( p  < 0.001), respectively. 


It was not possible to obtain enough blood in the screening study to 
determine the free fraction values for dicumarol in addition to those for 
warfarin. However, in view of the previously documented strong corre- 
lation between the free fraction values for warfarin and dicumarol in 
individual rats (6), the warfarin free fraction values serve also to char- 
acterize and classify the animals with respect to serum protein binding 
of dicumarol. Therefore, it is possible to compare the posttreatment free 
fraction values for dicumarol in serum of phenobarbital-treated rats with 
the free fraction values of control animals. These values were 0.000238 
(range of 0.000070-0.000432) for the phenobarbital group and 0.000225 
(range of 0.000099-0.000540) for the control group and did not differ 
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Figure 3-Relationship between free fraction o f  dicumarol and the 
concentrations of albumin (open symbols) or total protein (closed 
symbols) in the serum of control rats (squares) and phenobarbital- 
treated rats (circles). 
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significantly from one another. The ratio of free fraction values 
(treated/control) for the 10 matched pairs was 1.06 f 0.27 (mean f SD), 
and the correlation of these values between members of each pair was 
strong (Fig. 2). 


Figure 3 is a plot of dicumarol free fraction values in serum against the 
serum concentration of albumin or total protein. The pronounced in- 
terindividual differences in serum protein binding of dkumarol were not 
related to corresponding differences in the concentration of serum pro- 
teins. Similar results were obtained previously for warfarin (2). Also 
consistent with previous observations (6) was the strong correlation be- 
tween the free fraction values for dicumarol and warfarin in individual 
animals ( r  = 0.937, p < 0.001, n = 20 in this study). 


The phenobarbital treatment regimen used is sufficient to cause pro- 
nounced enzyme induction, as reflected by the increased total clearance 
of warfarin' and dicumarol(8) and by the increase in relative liver weight. 
This treatment had no significant effect on the serum protein binding 
of warfarin and dicumarol. This result could mean that the concentrations 
of endogenous inhibitors in serum were not affected by enzyme induction 
or that the interindividual differences in serum protein binding of the 
coumarin anticoagulants are due to conformational differences of albu- 
min, with enzyme induction having no effect on the steady-state con- 
centration of that particular protein. 
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Comparative Pharmacokinetics of 
Coumarin Anticoagulants XXV: Warfarin-Ibuprofen 
Interaction in Rats 


JOHN T. SLATTERY, AVRAHAM YACOBI, and GERHARD LEVY 


Abstract The effect of ibuprofen on the pharmacokinetics and anti- 
coagulant action of racemic warfarin was determined in a crossover study 
on male Sprague-Dawley rats. At average plasma concentrations of 24-83 
mg/liter, ibuprofen decreased the biological half-life and increased the 
total clearance of warfarin. It also increased the anticoagulant effect 
produced by a given plasma concentration of total (free and protein- 
bound) warfarin. These effects of ibuprofen appear to be a consequence 
of its displacing effect on warfarin in plasma. 


Keyphrases Ibuprofen-effect on pharmacokinetics and anticoagu- 
lant action of warfarin, rats Pharmacokinetics-warfarin, effect of 
ibuprofen, rats Anticoagulant action-warfarin, effect of ibuprofen, 
rats 0 Warfarin-pharmacokinetics and anticoagulant action, effect of 
ibuprofen, rats 0 Anti-inflammatory agents-ibuprofen, effect on 
pharmacokinetics and anticoagulant action of warfarin, rats 


The widely used nonsteroidal anti-inflammatory agent 
ibuprofen is a weak acid extensively bound to plasma 
proteins (1). As such, it may be expected to displace cou- 
marin anticoagulants such as warfarin from plasma protein 
binding sites. This type of drug interaction can modify the 
distribution and elimination kinetics of warfarin and 
produce transient potentiation of its anticoagulant effect 
(2-4). Nevertheless, several clinical investigations failed 
to detect any effect of ibuprofen, in doses of up to 2.4 g/day, 
on the anticoagulant action of the coumarin drugs phen- 
procoumon and warfarin (5-8). 


In view of the recent tendency to use doses of ibuprofen 
larger than 2.4 g/day for the treatment of inflammatory 


disease, it is important to determine in principle if ibu- 
profen interacts with warfarin under appropriate condi- 
tions (i.e.,  at  plasma ibuprofen concentrations sufficient 
to displace warfarin from protein binding sites). Such an 
investigation was carried out on rats dosed with ibuprofen 
a t  a rate producing ibuprofen concentrations moderately 
higher than those commonly encountered clinically. 


EXPERIMENTAL 


Male Sprague-Dawley rats', 250-300 gat  screening time and 3 W 5 0  
g during the interaction study, were maintained on a standard diet2 with 
unrestricted access to water. 


To determine the in uitro effect of ibuprofen on warfarin binding to 
rat serum protein, blood was obtained from the abdominal aorta of 11 
ether-anesthetized rats and the serum was separated. To serum samples 
from individual rats were added 0.7-0.8 pg/ml of racemic 14C-warfarin3, 
76 pCi/mg, and 0-150 pg/ml of racemic ibuprofen4. The free fraction of 
warfarin in serum (free/total warfarin concentration) was determined 
by equilibrium dialysis (9). 


Sixty-three rats were screened for the in uiuo interaction study by 
collecting 3 rnl of blood from the tail artery under light ether anesthesia, 
separating the serum, and determining the free fraction of warfarin by 
equilibrium dialysis. Fourteen rats with widely differing warfarin free 
fraction values (0.0023-0.0157) were selected from this group for the 


Blue Spruce Farms, Altamont, N.Y. 
Charles River Formula 4RF. 
Amersham/Searle Corp., Arlington Heights, Ill. ' Supplied by The Upjohn Co., Kalamazoo, Mich. 
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Characteristics of Medicated and Unmedicated Microglobules 
Recovered from Complex Coacervates of Gelatin- Acacia 


DAVID W. NEWTON *, JEAN N. McMULLEN $, and 
CHARLES H. BECKER" 


Abstract Medicated and unmedicated microglobules prepared from 
complex coacervates of Type A gelatin and acacia were recovered as 
water-insoluble powders consisting of discrete units, which were spon- 
taneously revertible to highly disperse systems when suspended in water 
or physiological electrolyte solutions. Spherical microglobules containing 
up to 15% (w/w) sulfamerazine had a nominal diameter of 30 pm in 
aqueous suspension. Larger but irregularly shaped products containing 
up to 45% (w/w) sulfamerazine were also recovered. The relationships 
of the weight of sulfamerazine added per coacervate batch to weight yield 
and percent (w/w) included sulfamerazine of the microglobules were both 
linear. 


Keyphrases Microglobules-medicated and unmedicated, prepared 
from gelatin-acacia coacervates, physical parameters evaluated for use 
as dosage forms Coacervates-gelatin-acacia, medicated and un- 
medicated microglobules prepared, physical parameters evaluated for 
use as dosage forms Gelatin-acacia-coacervates, medicated and un- 
medicated microglobules prepared, physical parameters evaluated for 
use as dosage forms Dosage forms, potential-medicated and un- 
medicated microglobules prepared from gelatin-acacia coacervates, 
physical parameters evaluated 


Incipient, fundamental studies of complex coacervation, 
specifically of the gelatin-acacia system, were reported 
previously (1,2).  


Several patents were cited in reviews on microencap- 
sulation as evidence of the first commercially successful 
uses of the gelatin-acacia system (3-5). Various studies 
involving gelatin-acacia coacervates were predominantly 
directed toward drug microencapsulation (6-9). Phar- 
maceutical uses of microencapsulated products prepared 
by coacervation and other processes also were reported 
(3-5, 10-14). 


This study was undertaken to evaluate certain param- 
eters of the complex coacervate system of Type A gelatin 
and acacia (gum arabic) for producing medicated micro- 
globules suitable in various pharmaceutical dosage forms. 
The products were to be recovered as powders consisting 
of water-insoluble, discrete, nonvacuolated spherical units 
that would spontaneously revert to highly dispersed sus- 
pensions upon reconstitution with aqueous vehicles. 


EXPERIMENTAL 


Materials-Type A gelatin' and acacia2 were used as 3% (w/v) solu- 
tions containing 1% (v/v) benzyl alcohol3 for preservation. Glycerin 
(99.6%)3, formaldehyde solution (37%13, 2-propanol (99%)3, pancreatin4, 
pepsin4, collagenase B5, micronized sulfamerazine6 (majority of particles 
5 pm or less), and finely powdered chl~ramphenicol~ were used as re- 
ceived. Other solvents and reagents were analytical reagent grade or 
purity. 


Preparation and Recovery of Microglobules-The coacervation 
pH (3.94.0), dry gelatin-acacia ratio (0.8-1.0:1.0), and sol concentration 


~~ 


1 Isoelectric point 8.6, 275 bloom, Fisher Scientific Co., Fair Lawn, N.J. 


4 Wilson Labs., Chicago, Ill. 


USP white powder, Fisher Scientific Co., Fair Lawn, N.J. 
Fisher Scientific Co., Fair Lawn, N.J. 


Calbiochem, San Die 0, Calif. 
Matheson, Coleman t Bell, Norwood, Ohio. 
Courtesy of Parke-Davis & Co. 


(3% w/v) were initially determined as the criteria necessary to optimize 
the yield of microglobules. 


Except where the effects of glycerin or formaldehyde were studied in 
particular, microglobules were prepared by mixing at 40" 40 ml each of 
3% (w/v) gelatin sol (adjusted to pH 10) and 3% (w/v) acacia sol, stirring 
the mixture a t  250-400 rpm, and either dispersing 1.5 g of the drug for 
3 rnin in the batch at  pH 5.5 and then adjusting the pH to 3.9-4.0 or ad- 
justing to pH 3.9-4.0 and then dispersing the drug. Over 30 min, 40 ml 
of glycerin was added dropwise and the batch was cooled under ambient 
conditions to 24-26" and then rapidly chilled to 2-5" in an ice water 
bath. 


Microscopic examination was made to assess encapsulation. After 15 
min at  2-5", the pH was raised to 5-6,15 ml of formaldehyde was added, 
and stirring was continued for 30-45 rnin at 2-5". The batch was then 
covered and allowed to stand at  room temperature (22-25") for ap- 
proximately 20 hr. The clear supernate was then discarded, the white 
sediment layer (50-70 ml) was brought with stirring to 75% (v/v) of 2- 
propanol, and the batch was allowed to stand for 10 min. Then the su- 
pernate was decanted, the batch was brought to 90% (w/v) of 2-propanol, 
and the flocculated system was filtered using qualitative paper on a 
buchner funnel. The product was washed with 99% 2-propanol and dried 
at 36" for 12-16 hr, and the dried yield was vibrated gently on a No. 40 
screen to obtain a powder. 


All batches were prepared in 250-ml glass beakers and stirred by a 
mixers equipped with a three-blade marine-type impeller 4 cm in diam- 
eter. Gelatin and acacia sols were prepared in distilled water and refrig- 
erated at 2-5' for not more than 30 days prior to use. The gelatin sols were 
warmed to, and maintained at, 45" for not more than 3 hr and were dis- 
carded after two such uses on consecutive days. Acacia sols were initially 
heated to 85-90' for 1 hr to destroy the activity of any potentially in- 
terfering enzymes (15, 16). 


Influence of Additives and Conditions-Batches of unmedicated 
microglobules were prepared using 0.5, 1.0, 2.0,2.5, and 3.0% (w/v) sols 
of each gelatin and acacia. Gross yields were compared by measuring the 
apparent volumes of liquid coacervate layers at 40" and the dry weight 
yields of microglobules recovered as specified earlier. 


Glycerin volumes of 5,10,20, 30,40,50,60, 70,80, and 100 ml were 
added dropwise to separate unmedicated batches. Likewise, a 40-ml 
portion of 1,2,6-hexanetriol6, polyethylene glycol 2009, polyethylene glycol 
400L0, 70% (w/w) sorbitol3, and syrup USP was added to separate 
batches. 


Batches of unmedicated microglobules were treated with 5,10, and 15 
ml of formaldehyde. Batches to which 15 m1 of formaldehyde had been 
added also were recovered at preselected times over 0.54 hr to determine 
the minimum treatment period required for the retrieval of readily dis- 
persible products. 


For unmedicated microglobules, batches were decanted to 100 ml 
(about 60 ml of sediment and 40 ml of clear supernate). From these 
batches, a 10-ml sample was mixed individually with 5,8,10,15,20,30, 
40,60, and 90 ml each of acetone, methanol, ethanol, 1-propanol, and 
2-propanol in 100-ml cylinders. The systems were kept at room tem- 
perature for 5 min after each addition of acetone or an alcohol. The per- 
cent (v/v) of the solvents at which flocculation occurred and the apparent 
degree of sedimentation were recorded. 


Finally, the influence of stirring rate in the 250400-rpm range and in 
excess of 450 rpm on the morphology of the microglobules was compared 
using standard and baffled 250-ml beakers. 


Extraction and Digestion of Microglobules-About 100 mg of 
microglobules containing approximately 15% (w/w) sulfamerazine was 
placed in 20-ml Type I glass vials with 10-ml portions of the following 
media: collagenase B solution, 20 unitdml, at pH 7.0 in 0.05 A4 tris(hy- 


8 Lightin model F, Mixin E uipment Co., Rochester, N.Y. 
9 Dow Chemical Co., Midfanl, Mich. 


Union Carbide Corp., New York, N.Y. 
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Figure I-Apparent volumes (0, ml) and dry weight (A, g) yields of 
coacervates produced at pH 3.9from isouolumetric (40 ml) gelatin and 
acacia sols of selected percent (w/u) concentration. 


droxymethy1)aminornethane’l and 0.005 M calcium chloride (17); 50% 
(v/v) ethanol; gastric fluid’z; intestinal fluidI2; and replacement elec- 
trolyte s~lution’~. The vials were sealed with pretreated rubber closures 
and aluminum crimps and rotated at  25 f 3 rpm at  37 f 0.1’ in an ap- 
paratus similar to that used by Souder and Ellenbogen (18). 


The suspensions were observed visually and microscopically a t  0.5,1.0, 
2.0, 3.0, 4.0, 8.0, and 20.0 hr to estimate the extent of digestion of the 
microglobules and/or extraction of sulfamerazine therefrom. Similarly, 
samples containing 12.7% (w/w) sulfamerazine were extracted for up to 
12 hr in 10.0 mi of replacement electrolyte solution. 


Assay of Sulfamerazine Content-The microglobules were washed 
in 2-propanol-acetone (1:2) by dispersing them in 150 ml of mixture per 
gram of sulfamerazine originally added and stirring for 5 min. 


The spectrophotometric assay of sulfamerazine content was adapted 
from Clarke (19). An accurately weighed 100-mg sample of microglobules 
was digested with 15 ml of intestinal fluid for 3 hr a t  3 7 O ,  the mixture was 
adjusted to pH 3-4, and 20 ml of acetone was added. The sample was 
extracted with four 15-ml portions of ether, and the fractions were pooled 
and evaporated to dryness a t  room temperature. 


The residue was quantitatively transferred to a 50-ml volumetric flask, 
first with 5 ml of distilled water and then with portions of absolute ethanol 
sufficient to achieve the final volume. The absorbance of the sample, 
appropriately diluted in 90% (v/v) ethanol, was determined at 270 n d 4 ,  
and the value was compared to a standard (Beer’s) plot to calculate the 
percent (w/w) sulfamerazine within an aliquot of microglobules from the 
batch. 


Sulfamerazine was isolated from the aqueous microglobule digest to 
preclude the error of additive UV absorbance by water-soluble residues 
of gelatin and pancreatin, in particular. Furthermore, the complete 


11 THAM, Fisher Scientific Co., Fair Lawn, N.J. 
12 Simulated, TS, “The United States Pharmacopeia,” 19th rev., Mack Publishing 


l3  Normosol-R pH 7.4, Abbott Laboratories, North Chicago, Ill. 
14 Beckman DB-GT, Beckman Instruments, Fullerton, Calif. 


Co., Easton, Pa., 1975, p. 765. 


Figure 8-Vacuolated, unmedicated gelatin-acacia microglobules 
(looox). 
evaporation of acetone, which partitions into the ether phase, is neces- 
sitated because of its interfering absorbance at about 265 nm (20). 


RESULTS AND DISCUSSION 


Influence of Additives and Conditions-The advantage of mea- 
suring microglobule yields by dry weight after recovery rather than ap- 
parent coacervate volumes is evident from the plots in Fig. 1. The reli- 
ability of coacervate volume measurements is limited because the water 
content of gelatin-acacia coacervates increases as more concentrated sols 
are used (1). 


The addition of glycerin and other polyols increased the viscosity and 
density of the coacervate systems, which appeared to inhibit deformation 
of the spherical droplets caused by the rotational velocity and turbulence 
of stirring. The spherical shape of the coacervate droplets also may be 
favored by an intensification of the complex ionic relations between 
gelatin and acacia in a system containing, for instance, 28.7% (v/v) glyc- 
erin and possessing, therefore, a dielectric constant nearer to 70 than to 
80 as for water (21). 


Upon cooling the coacervates to less than 28O, a glycerin concentration 
of 2040% (v/v) in the system prevented vacuolation of the microglobules. 
Since glycerin lowers the gelation temperature and affects gelatin hy- 
dration (22), these effects may prevent vacuolation, which otherwise 
occurs when gelatin-acacia complex coacervate droplets are cooled to 
below about 28’ (1). The polyols 1,2,6-hexanetriol, polyethylene glycol 
200 and 400,70% (w/w) sorbitol, and syrup USP did not prevent vacu- 
olation of the microglobules in a concentration of 28.7% (v/v), a typical 
value at  which glycerin was effective for this purpose. 


Figure 2 shows the vacuolation caused by gelation of unmedicated 
microglobules from a coacervate system prepared in the absence of 
glycerin. In contrast, Fig. 3 shows nonvacuolated microglobules when the 
system contained 28.7% (v/v) glycerin. 


To recover spherical microglobules, readily revertible to highly dis- 
persed suspensions, from the coacervates, a formaldehyde concentration 
of 4.0% and a treatment time of at least 4 hr were required. 


Flocculation and sedimentation efficiency of formaldehyde-treated 
microglobules as a function of concentration, percent (v/v), of the ali- 
phatic solvents revealed the order: acetone (48.5%) > 2-propanol(52.6%) 
= l-propanol(52.6%) > ethanol (71.4%) > methanol (85.1%). However, 
only 2-propanol and 1-propanol were capable of flocculating the micro- 
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Figure 3-Nonuacuolated, unmedicated gelatin-acacia microglobules 
(particulate matter unintended; I O O O X ) .  


globules to produce filter cakes, which, after drying, would spontaneously 
form highly dispersed suspensions in water. These results are in agree- 
ment with those of previous work (23). 


When the 2-propanol concentration reached 40-45% (v/v), the mi- 
croglobule suspensions changed from translucent to opaque in appear- 
ance, probably due to the precipitation of acacia within the microglobules. 
A 2-propanol concentration of 75% (v/v) or greater produced complete 
sedimentation within 10 min, and 90% (v/v) provided the greatest 
aqueous dispersibility of the recovered powders. 


There was no difference in the morphology of the microglobules re- 
covered for a given substance when powdered aluminum, barium sulfate, 
chloramphenicol, hydrocortisone acetate, phenobarbital, phenol- 
phthalein, scarlet red, sulfamerazine, and sulfur were added to the co- 
acervates either before or after the pH end-point. These observations and 
others, as well as previous evidence (1,24), support the theory that drugs 
and other materials are included within gelatin-acacia coacervates ex- 
clusively by surface-active phenomena of wetting and spreading. 


The nominal equilibrium size of unmedicated, spherical microglobules 
was 30 pm in aqueous suspension. The shape and diameter were also 
characteristic of microglobules recovered from batches to which not more 
than 1.0 g of micronized sulfamerazine had been added (Fig. 4). However, 
when a nonmicronized powder whose particles were larger than about 
20 pm or more than 1 g of micronized sulfamerazine was added to the 
batches, the spherical shape was lost; irregular, larger microglobules re- 
sulted (Fig. 5). 


Stirring is required to produce distinct microglobules from complex 
coacervates of gelatin-acacia. Stirring rates of 250-400 rpm resulted in 
the formation of spherical microglobules. However, rates a t  or exceeding 
about 450 rpm usually resulted in ellipsoidal or more irregularly distorted 
microglobules, as well as in the gross entrainment of air and vacuolation 
of the coavervate products. The use of a baffled beaker accounted for 
undesirable products a t  rates greater than 300 rpm, perhaps because of 
greatly increased turbulence and air entrainment. 


Previous reports (9) recognized the spontaneous separation of complex 
coacervates of gelatin and acacia into two immiscible layers, but also 
discussed droplet size of the coacervates as a function of temperature. 
When batches at  40' or higher were rapidly sampled from a stirring 
system and observed microscopically, the eoacervate droplets coalesced 
and spread over the glass slide almost instantly because of the affinity 


Figure 4-Gelatin-acacia microglobules containing 12-1576 ( w / w )  
micronized sulfamerazine (100OX) .  


of gelatin-acacia coacervates for glass (1). Therefore, it may be unrealistic 
to discuss droplet size in these systems above about 35O, the approximate 
gelation temperature of most gelatins (25-29). 


Extraction and Digestion of Microglobules-The results of ex- 
traction tests of spherical microglobules containing approximately 15% 
(w/w) sulfamerazine with five media are summarized in Table I. The most 
significant influence was demonstrated by intestinal fluid, which com- 
pletely digested the formaldehyde-treated microglobules in only 30 min. 
Previously (23), extraction of sulfamerazine from formaldehyde-treated 
gelatin microcapsules was 100% complete after 2 hr with intestinal fluid 
but only 70% complete after 8 hr with gastric fluid. 


Other studies (30, 31) found greater release of pentobarbital from 
formaldehyde-treated gelatin-acacia microcapsules with gastric than 
with intestinal fluid; the percent (w/w) pentobarbital in the products was 
not reported. These latter findings may have resulted because the spec- 
trophotometric analyses of pentobarbital were conducted on filtered 
extracts of the aqueous media at  pH 9.25. However, experimental vali- 
dation from the present study showed significant absorbance below 300 
nm by such digests of nonmedicated gelatin-acacia microglobules. 


Although the medicated microglobules prepared in this study required 
8 hr for digestion in gastric fluid, their included sulfamerazine dissolved 
completely after only 5 min of extraction. In the intestinal fluid, the 


Table I-Effect of Extraction in Specified Media a t  37" on 
Morphology and Contents of Microglobules Containing 15% 
(w/w) Sulfamerazine 


Minimum Microscopic 
Time Appearance 


Medium Digestion, hru Suspensionb 
for Complete of 


Collagenase B, 20 units/ml 
Ethanol, 50% (v/v) 


8.0 d 
NS i 


Gastric fluid 8.0 S 
Intestinal fluid 0.5 d 
Replacement electrolyte solution, pH NS i 


7.4 


a NS = not sufficient time for digestion of microglobules through 20 hr of ex- 
traction. At 1oOX: i = intact spheres containing sulfamerazine, d = microglobules 
completely digested but sulfarnerazine crystals present, and s = completely digested 
microglobules and their sulfamerazine contents in solution. 
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Figure 5-Nonuacuolated gelatin-acacia microglobules containing an 
undetermined fraction of chloramphenicol ( l O O O X ) .  


microglobules were completely digested within 30 min, but with incom- 
plete dissolution of the included sulfamerazine. Other extractions of the 
microglobules showed less than 5% loss of included sulfamerazine when 
suspended and stirred for 5-10 min in pure acetone. Furthermore, ex- 
tensive or complete loss of sulfamerazine from the intact microglobules 
in similar tests was observed in binary systems composed of 20-80% water 
and acetone, suggesting that the microglobules lack a system of “fixed 
pores or channels,” thus requiring hydration before access to included 
sulfamerazine by a solvent such as acetone can be afforded oia imbibition 
and a “wicking type of action.” 


The pKa value for the loss of a proton by the sulfonamido moiety of 
sulfamerazine to form a sodium salt is 7.06 (32). Therefore, at pH 7.4, such 
as in intestinal fluid12, the drug would be 69% ionized. However, the pKa 
of the anilino group on sulfamerazine may be approximated at about 3.0 
(33). Thus, at pH 1.2, such as in gastric fluid12, sulfamerazine would be 
98% protonated, thereby favoring greater drug solubility. 


The extraction of spherical microglobules containing 12.7% (w/w) 
sulfamerazine with replacement electrolyte solution, pH 7.4, a t  37’ 
showed little variation in the fraction of sulfamerazine released. Only 26.8 
f 2.2% was extracted over periods of up to 12 hr. The results are in 
agreement with a previously published report (34). 
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EXPERIMENTAL5 


Air-dried stems, leaves, flowers, and fruits of A. taliscana (5.5 kg) were 
ground in a Wiley mill and macerated with ethanol-water (1:l v.v). The 
aqueous ethanol extract was filtered and air dried, and the residue (1 kg) 
was repeatedly extracted with methanol until the methanol was clear. 
The combined methanol filtrate was air dried, and the residue was ex- 
haustively extracted with ether. The combined ether extract, after re- 
moval of the solvent under vacuum, was subjected to three-funnel par- 
tition between benzene- methanol-water (85:l v/v) (each phase was 1600 
ml). 


The lower phases were combined and air dried, and the residue (28 g) 
was chromatographed on an aluminum oxide (Grade III; 1 kg) column 


5 Carbon and hydrogen analyses were carried out by Chemalytics, Inc., Tempe, 
Ariz. Melting points were determined on a Kofler hot-stage apparatus and are 
uncorrected. UV and IR spectra were run on a Beckman KB spectrophotometer 
and a Beckman IR-33, respectively. NMR and mas5 spectra were run using a Varian 
T-60 spectrometer and a Hitachi Perkin-El.mer double-focusing spectrometer 
(model RMU-GE), respectively. Optical rotations were run in chloroform using a 
Cary 60 spectropolarimeter. 


Rapid GLC Determination of Propranolol in 
Human Plasma Samples 


ROBERT E. KATES and CATHERINE L. JONES * 


using hexane with increasing concentrations of acetone (0.145%) as the 
eluent. Fifty 250-ml fractions were collected. Based on TLC analysis, 
fractions 9-34 were combined to give a residue. Treatment with petro- 
leum ether yielded a colorless material, which was filtered and then 
crystallized from methanol as colorless needles. The melting point, 130°, 
was undepressed by admixture with a synthetic sample. 


The IR (KBr: A,, 3450,3040,2970,2930,2880,2850, and 955 ern-'), 
UV [CH30H: Amax 243 (log c 4.55) and 276 (4.35) nm], NMR [CDC13: 6 
1.35(3H,d),1.83(3H,d),3.12-3.73(1H,m),3.38or3.85(3H,s),3.38or 
3.85 (3H, s), 5.07 (IH, d), 5.67 (IH,s),6.01-6.27 (lH,m),6.01-6.27 (1H, 
m), and 6.734.93 (5H, m) ppm], and mass [mle 326 (M+, base), 311,283, 
202,189, 163,151,149, and 1371 spectra are in accord with Structure I. 
This compound was optically inactive, [a13 f 0'. 


Anal.-Calc. for CzoHzz04: C, 73.68; H, 6.80: mol. wt.. 326. Fonnd: C ,  
73.70; H, 6.91; rnle 326 (M+). 
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Abstract A rapid GLC method for measuring plasma propranolol 
levels is reported. 4-Methylpropranolol was utilized as an internal 
standard. Pentafluoropropionate derivatives of propranolol and the in- 
ternal standard eluted rapidly and gave good sensitivity under the con- 
ditions employed. The advantage of this procedure over previously re- 
ported methods is the speed of analysis, which is facilitated by rapid 
elution of contaminant peaks. 


Keyphrases 17 Propranolol-GLC analysis, human plasma 0 GLC- 
analysis, propranolol in human plasma 0 Cardiac depressants-pro- 
pranolol, GLC analysis in human plasma 


Recent studies demonstrated that the effect of pro- 
pranolol is plasma level related (1,Z).  The accurate mea- 
surement of plasma propranolol levels has become essen- 
tial for studies involving the mechanism of action of this 
agent; in some institutions, the monitoring of plasma 
propranolol levels is being used to aid patient therapy. 
Because of the increasing demand for rapid and accurate 
analysis of propranolol in plasma samples, previously re- 
ported procedures are being modified to increase efficiency 
and new procedures are being offered as improved alter- 
natives. 


The fluorometric method for measuring propranolol in 


biological fluids recently was reported to be limited with 
respect to both specificity and sensitivity (3). Three GLC 
procedures were proposed, two utilizing trifluoroacetyl 
derivatives (4,5) and one utilizing a difluorobutyrate de- 
rivative (6); each employs a different internal standard. 
These three methods have their subtle differences and 
each, in order of publication, offers an advantage over the 
previous method. When analyzing large numbers of sam- 
ples, however, these methods share one common disad- 
vantage: the slow elution of contaminant peaks, which 
limits the frequency with which samples can be injected. 
Because of this limitation, an alternative procedure was 
developed, affording a greater efficiency by facilitating the 
more rapid analysis of large numbers of samples. 


EXPERIMENTAL 
Reagents-Glass-distilled1 benzene, ethyl acetate, and cyclohexane 


were used, and 5 N NaOH, 0.2 N HzS04, and 0.05 M, pH 11.5 phosphate 
buffer were prepared with double-distilled water and extracted twice with 
benzene. GLC grade pyridine2 was diluted to 1.5% in ethyl acetate. 


Burdick & Jackson Laboratories, Muskegon, Mich. 
Pierce Chemical Co., Rockford, Ill. 
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Figure 1-Chromatogram of blank plasma (A), plasma from a patient 
taking propranolol(40 mg every 6 hr) (B), and plasma from a patient 
taking propranolol with 4-rnethylpropranolol added (C). Each chro- 
matogram was prepared following injection o f 3  pl at an attenuation 
of 256. 


Pentafluoropropionic anhydride3 was the derivatizing agent, and 4- 
methylpr~pranolol~ was the internal standard. Propranolo15 was obtained 
as the hydrochloride salt. 


GLC-A gas chromatograph6 with a 63Ni-electron-capture detector 
was used. A glass column, 180 cm X 2 mm id., was packed with 10% OV-1 
on 80-100-mesh Gas Chrom Q7. The carrier gas was 5% methane in 
argona, and a flow rate of 20 ml/min was maintained. Analyses were 
performed under the following conditions: injection port temperature, 
250'; column oven temperature, 245"; and detector temperature, 300". 
A reporting integrator9 was used for all data analysis. 


Procedure-To 1 ml of plasma were added 200 ng of internal standard 
(20 p1 of an aqueous solution), 3 ml of benzene, and 0.1 ml of 5 N NaOH. 
This mixture was shaken in polytef-coated screw-capped tubes for 5 min 
and then centrifuged. The benzene layer was transferred to a clean tube 
containing 1 ml of 0.2 N H2S04. This tube was capped and shaken for 2 
min and then centrifuged. The benzene layer was removed and discard- 
ed. 


To the acidic layer was added 3 ml of clean benzene and 0.2 ml of 5 N 
NaOH. The tube was then capped and shaken for 5 rnin and centrifuged. 
The benzene was transferred to a clean tube and evaporated to dryness 
under nitrogenlo. To the residue was added 0.5 ml of cyclohexane. The 
tube was then vortexed for 20 sec to redissolve the residue. Aliquots of 
25 pl of 1.5% pyridine and pentafluoropropionic anhydride were then 
added. 


3 P.C.R. Inc., Gainesville, Fla. 
4 ICI 45,749, Imperial Chemical Industries, Macclesfield, England. 
5 Ayerst Laboratories, Rouses Point, N.Y. 
6 Hewlett Packard model 5736A. 
7 Applied Science Laboratories, State College, Pa. 
8 Matheson Gas Products, East Rutherford, N.J. 
9 Hewlett-Packard model 3380A. 
10 N-Evap, Organomation Associates, Shrewsbury, Mass. 


Table I-Evaluation of Assay Precision and Accuracy ( II = 7) 
Concentration of Concentration of 


Propranolol Propranolol 
Added, nglml Measured, nglml 


10 11.2 f 0.65 ( S D )  
25 27.9 f 2.7 ( S D )  
50 52.3 f 5.4 (SD) 


The tube was capped, vortexed for 10 sec, incubated for 1 rnin at  70" 
on a dry bath heater, and then flushed with nitrogen to remove the excess 
pentafluoropropionic anhydride and to evaporate the cyclohexane. Cy- 
clohexane, 50 pl, was then added, and the tube was vortexed for 10 sec. 
Phosphate buffer, 1 ml, was added, and the tube was shaken for 5 min 
and then centrifuged. Aliquots of 1-5 ~1 of the organic layer were then 
injected onto the column. All samples were analyzed in duplicate. 


RESULTS AND DISCUSSION 


Chromatograms of a blank plasma sample (A), a plasma sample from 
a patient taking propranolol(40 mg every 6 hr) with no internal standard 
added (B), and a patient plasma sample with internal standard added 
(C) are shown in Fig. 1. In the chromatogram of the blank plasma, there 
are no contaminant peaks with retention times near those of propranolol 
or the internal standard. In chromatogram C, the retention times of 
propranolol and the internal standard are 3.2 and 4.2 min, respectively. 
All three chromatograms were made at  an attenuation of 256 following 
injection of a 3-pi sample. 


Chromatogram B shows that none of the metabolites of propranolol, 
which are produced following oral administration of the drug, interferes 
with the measurement of the internal standard. Of the several propranolol 
metabolites identified following oral administration to humans (7), 4- 
hydroxypropranolol is structurally the most similar to propranolol. This 
metabolite is the most likely one to interfere with an analysis of the parent 
compound. With a pure sample, a retention time of 3.7 min was identified 
for the 4-hydroxy metabolite under the conditions employed. However, 
due either to removal by extraction or decomposition, this metabolite 
cannot be analyzed by this procedure; no peaks with this retention time 
were observed in the plasma samples analyzed. 


Standard curves were prepared by extracting known drug concentra- 
tions and measuring the area under the propranolol and internal standard 
peaks. The ratio of the propranolol to internal standard areas was then 
plotted as a function of the concentration added. As a general procedure, 
a standard curve from 0 to 50 ng of propranolol/ml with 70 ng of internal 
standard was used for analyzing samples with low propranolol concen- 
trations. For high level samples, a standard curve from 100 to 500 ng of 
propranolol/ml with 200 ng of internal standard was prepared. This 
procedure has been used routinely to analyze patient samples with con- 
centrations ranging from below 1 to more than 400 ng/ml. 


The standard curves were linear over the two intervals employed. Only 
a minor daily fluctuation in slope was observed. A mean slope of 0.284 
f 0.012 was found when five different low level standard curves were 
averaged. All standard curves passed through the origin. The precision 
and accuracy of this procedure were evaluated by adding measured 
amounts of propranolol and 70 ng of the internal standard to 21 samples 
of normal plasma. The samples were then extracted and analyzed (Table 
I). The percent standard deviation ranged from 6.2% at the low level to 
10.3% at  the higher level. 


The extraction procedure used here is the same as previously published 
by Walle (4). The derivatization procedure, using pentafluoropropionic 
anhydride with pyridine as the catalyst, went to completion in less than 
1 min under the experimental conditions. Once the samples were deriv- 
atized, they were stable for several days, and it was feasible to leave de- 
rivatized samples overnight for injection the following morning. However, 
once the samples were evaporated to dryness prior to derivatization, they 
had to be derivatized immediately. For unknown reasons, if the residue 
was left underivatized for any length of time, poor reproducibility oc- 
curred. 


The final step of shaking the derivatized drugs with pH 11.5 buffer was 
necessary to hydrolyze contaminant substances. If the tubes were not 
shaken for this 5-min period, numerous slowly eluting peaks were en- 
countered. The only significant peak eluting after propranolol was ap- 
parently due to a Contaminant in the pentafluoropropionic anhydride. 


This procedure facilitates the analysis of at least twice as many samples 
per day as with previously tried chromatographic procedures. 
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Alterations Induced in Distribution and In Vivo 
Metabolism of Imipramine by Pregnenolone-16a-carbonitrile 


SHELDON BROOKMAN and PANOS KOUROUNAKIS * 


Abstract 0 Female rats were given pregnenolone-16a-carbonitrile (I) 
to investigate its in uiuo effects on the loss of the righting reflex and the 
mortality rate induced by imipramine as well as the concentrations of 
this drug and its metabolite, desipramine, in plasma, brain, liver, lungs, 
and kidneys. The protective action of I was associated with diminished 
organ levels of imipramine (catatoxic mechanism), and the relationship 
between brain and plasma imipramine concentrations remained unal- 
tered. Desipramine-imipramine molar ratios were increased, indicating 
an elevated rate of N-demethylation, The unbound imipramine in plasma 
was diminished, but the relationship between protein-bound and un- 
bound imipramine levels was not modified. 


Keyphrases Pregnenolone-16a-carbonitrile-effect on pharmaco- 
logical activity, distribution, and in uiuo metabolism of imipramine, rats 


Imipramine-effect of pregnenolone- l6a-carbonitrile on pharmaco- 
logical activity, in uiuo metabolism, and distribution, rats Distribu- 
tion-imipramine, effect of pregnenolone-l6a-~arbonitrile, rats 0 Me- 
tabolism-imipramine, effect of pregnenolone-l6a-~arbonitrile, rats n 
Steroids-pregnenolone-l6~-carbonitrile, effect on pharmacological 
activity, distribution, and in uiuo metabolism of imipramine, rats 0 
Antidepressants-imipramine, effect of pregnenolone-16a-carbonitrile 
on pharmacological activity, distribution, and in uiuo metabolism, rats 


The protection afforded by catatoxic steroids against 
intoxication of diverse etiology, such as analgesics, car- 
cinogens, and pesticides (l), was associated with induction 
of liver microsomal enzymes, particularly NADPH-de- 
pendent mixed function oxidases (2, 3), as well as with 
decreased levels of these toxicants in plasma, brain, and 
other tissues (3-7). Pregnenolone-16a-carbonitrile (I), a 
well-known hepatic microsomal enzyme inducer devoid 
of any other hormonal or pharmacological properties, ex- 
erts the greatest prophylactic effect in uiuo (1) of the ste- 
roids studied. 


A t  present,, imipramine is the most ftequently used 
tricyclic antidepressant. Its main metabolic pathways in 
the body include N-demethylation, N-oxidation, hy- 
droxylation, and glucuronidation (8-12). Desipramine, one 
principal metabolite of imipramine, is pharmacologically 
active (13-15). Both imipramine and desipramine are 


lipophilic and pass into the brain, their target organ 
(16). 


In view of the importance of imipramine in therapeutics, 
it was of interest to determine: (a) whether a drug-me- 
tabolizing enzyme inducer, e.g., I, would produce charac- 
teristic alterations in drug distribution; ( b )  whether the 
changes in plasma drug concentration would be reflected 
in the brain as well as in the overall pharmacological effect; 
and (c) whether I would modify the influence of plasma 
protein binding on drhg distribution. 


EXPERIMENTAL 


Female Charles River rats', 160-200 g, were maintained on laboratory 
chow2 and tap water ad libitum. Compound I3 was given twice daily for 
3 days at  a dose level of 68.3 mg/kg PO in 0.5 ml of water as a micronized 
suspension homogenized with a trace of polysorbate 80. For comparative 
purposes, control animals received water with a trace of polysorbate 80. 
Imipramine hydrochloride4,80 mghg ip, was administered to all rats in 
1 ml of distilled water once on the 4th day, 18 hr after the last pretreat- 
ment, unless otherwise stated. 


Tables I and I1 indicate the various time periods at which blood sam- 
ples were withdrawn under light ether anesthesia by aorta puncture into 
a syringe containing 0.2 M sodium oxalate. Tissues were removed and 
frozen until required for analysis. Drug-free plasma and tissues were used 
for preparing standards And blanks. 


GLC-Imipramine and desipramine cdncentrations were measured 
by GLC5. A 1.5-m X 6.4-mm 0.d. glass column packed with 1.5% OV-17 
on %lW-rnesh Gas Chrom Q was used. The initial column, injector, and 
detector temperatures were 240,300, and 30O0, respectively. The column 
temperature was programmed for increases of 32O/min, starting 1 min 
after the time of injection. The final column temperature ( 2 8 0 O )  was 
maintained until 10 min pbstinjection. The nitrogen flow rate (as the 
carrier gas) was 18 ml/min, and hydrogen and compressed air pressures 


~ 


l Canadian Breeding Farms & Laboratories Ltd., St. Constant, Quebec. Cana- - ,  da. 
Purina Laboratory Chow. 
The U john Co., Kalamazoo, Mich. 


Pye Unicam 104 chromatograph equipped with a flame-ionization detector and 
4 Ciba-&igy (Canada) Ltd., Dorval, Quebec, Canada. 


a Honeywell Electronik 194 Lab-Test recorder coupled with a disk integrator. 
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Simultaneous Automated Determination of 
Spironolactone Metabolites in Serum 


PETER NEUBERT” and KLAUS KOCH 


Abstract 0 An automated two-phase method for the simultaneous 
fluorometric determination of the spironolactone metabolites canrenone 
(11) and canrenoic acid (111) in serum is described. The determination 
is performed by two dichloroethane extractions of the same serum sample 
at  different pH values. The fluorescence developed in 65% (v/v) sulfuric 
acid is measured in two separate fluorometers (one each for canrenone 
and canrenoic acid). Comparable specificity and sensitivity to the manual 
procedure are obtained, with sensitivity limits of 20 ng of II/ml and of 
30 ng of IWml in serum. This method is applicable to the automated 
determination of drugs and metabolites in biological material when 
several extraction steps are involved. 


Keyphrases Canrenone and canrenoic acid-automated simultaneous 
fluorometric analyses, serum 0 Fluorometry-automated simultaneous 
analyses, canrenone and canrenoic acid, serum 0 Automated analyses- 
simultaneous fluorometric analyses of canrenone and canrenoic acid, 
serum 0 Spironolactone metabolites-canrenone and canrenoic acid, 
automated simultaneous fluorometric analyses, serum Aldosterone 
antagonists-canrenone and canrenoic acid, automated simultaneous 
fluorometric analyses, serum 


Spironolactone’ (I) inhibits the aldosterone-initiated 
reabsorption of sodium ions from the distal portion of the 
renal tubule. The increased excretion of sodium ions is the 
underlying principle of the diuretic action in the treatment 
of edema. 


Compound I is rapidly metabolized in the body after oral 
administration (1, 2). The elimination of the thioacetyl 
group on C-7 gives rise to canrenone2 (11). Canrenone, as 
a y-lactone, is in a pH-dependent equilibrium with the 
corresponding y-hydroxycarbonic acid, canrenoic acid2 
(111) (Scheme I). 


Compounds I1 and I11 are relatively stable in the phys- 
iological pH range of 5-9, but greater pH changes and en- 
zymatic processes change the ratio of the two metabolites 
(3). For this reason, knowledge of the blood level curves for 
both metabolites is important for assessing the absorption, 
distribution, and excretion of spironolactone. 


Gochmann and Gantt (4) first described the procedure 
for the fluorometric determination of canrenone by mea- 


l Aldactone, Boehringer Mannheim GmbH. 
Compound I1 was formerly referred to as aldadiene, and 111 was referred to as 


aldadienic acid (1.2).  


jCOOH 


n I11 
Scheme I 


surement of the fluorescence in 65% sulfuric acid. The 
structure of the fluorophore (IV) produced by the reaction 
of sulfuric acid with canrenone and canrenoic acid was 
elucidated ( 5 ) .  


The high intensity of the fluorescence of the trienone 
(IV) in 65% sulfuric acid permits the sensitive determi- 
nation of the metabolites in both manual (6) and auto- 
mated procedures. The manual procedure is time con- 
suming since four extractions are necessary. The analysis 
is complicated further by the caustic nature of the reagents 
dichloroethane and 65% sulfuric acid. The automation of 
the analytical procedure was therefore desirable and is the 
subject of this report. 


rCOOH 


Iv 
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Figure 1-Flow diagram for automated determination of canrenone. Key: SMS, single mixing coil; DMC, double mixing coil; EMC, extracting mixing 
coil; C5, phase separators; and I ,  I I ,  and I l l ,  glass connectors. 
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Figure 2-Flow diagram for automated determination of canrenoic acid. Key: same as Fig. 1.  
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Figure 3-Phase separation. 


EXPERIMENTAL 


Apparatus-An automatic sampler and proportioning pump3, two 
fluorescence spectroph~tometers~ with flowcells and a special cell holder 
designed to measure the fluorescence of 65% sulfuric acid in a continuous 
flow, a recordels, an electronic integrators, and a computer7 were 
used. 


Materials-The 0.04 M Britton-Robinson universal buffer (pH l o ) ,  
1 N hydrochloric acid containing 0.1 ml of wetting agentsfliter, dichlo- 
roethane containing 1.0 ml of wetting agentsfliter, and 65% (v/v) sulfuric 
acid (68 ml of 96% sulfuric acid plus 32 ml of water) were analytical re- 
agent grade. 


Standards-Separate stock solutions of canrenone and canrenoic acid, 
500 mgfliter, were prepared in methanol. Working solutions were ab- 
tained by appropriate dilution with water. Suitable aliquots of the so- 
lutions were added to blank serum as standards. 


Automated Analysis-The flow diagrams of the automated system 
for the determination of canrenone and canrenoic acid are shown in Figs. 
1 and 2, respectively. The 19 pump tubes, however, only require one 
pump. 


Canrenone-The sample was mixed in the predetermined volume 
ratio with previously air-segmented buffer to obtain a pH of 9. Dichlo- 
roethane was added as a solvent to give a two-phase system. The sample 
passed through an extracting mixing coil (EMC) followed by phase sep- 
aration. The upper aqueous phase was led to the determination of can- 
renoic acid (Fig. 2). An aliquot of the organic phase was taken from below 
and reacted with 65% sulfuric acid. The organic phase was discarded, and 
an aliquot of the sulfuric acid phase was fed into the fluorometer. A 
delaying mixing coil (DMC) ensured an adequate reaction time. 


The intensity of the fluorescence measured in the fluorometer was 
recorded. The corresponding peak height was determined with an elec- 
tronic integrators, which could be used to print either peak areas or peak 
heights. The data were transferred to a punch tape and processed by 
means of an off-line programmed computer7. 


Canrenoic Acid-The simultaneous determination of canrenoic acid 
in the same serum sample ran in parallel but with a slight time delay. The 
serum sample was acidified with 1 N hydrochloric acid after removal of 
canrenone. This acid pH caused the lactonization of canrenoic acid to 
canrenone, The other steps were the same as those described for canre- 
none. 


RESULTS AND DISCUSSION 


The simultaneous determination of canrenone and canrenoic acid in 
the same serum sample with retention of the two-phase system requires 
four extraction steps and, correspondingly, four phase separations. 


The separation of the phases takes place in small separators (Fig. 3) 
on the basis of the differing solvent densities and the differing wettability 
of the polytef tongue. Phase separation usually was facilitated with a 
small polytef rod. This technique also was used for the separation of di- 
chloroethane and sulfuric acid. The separation of serum and dichloro- 


Sampler IV and proportioning pump111 of AutoAnalyzer 11, Technicon GmbH, 


Model 203, Perkin-Elmer GmbH, Ueberlingen, Germany. 
Kompensograph 111, Siemens AG, Karlsruhe, Germany. 
Autolab Mini rator, S ectra Ph sics GmbH, Darmstadt, Germany. 
Model 9830, dewlett-fackard, Jrankfurt, Germany. 


Bad Vilbel, Germany. 


*Triton X-100. 


Figure 4-Cell holder consisting of three brass plates. The ground 
plate ( 1 )  is made fitting to the base of the fluorometer cell compartment. 
The next plate (2 )  is adjustable by means of a screw in the direction of 
the excitation source. The other parts are the upper plate (3), the 
carrying slit (4),  and the flowcell (5)  which fi ts  to plate 2 in an angle of 
900. 


ethane, however, is more critical. In this case, optimal results were ob- 
tained by using a piece of polytef tubing (0.8 mm i.d.). 


The best solvent for separation and extraction was dichloroethane 
because of the marked difference in density with regard to serum and 
sulfuric acid and because of the lower tendency to form emulsions in 
comparison with chloroform. 


Tubingsg made of material resistant to acid and solvents were used in 
the pump region for the transport of the solvents and sulfuric acid. All 
connecting pieces within the analytical unit were glass. 


Phase separation and transport with low carryover were greatly facil- 


Figure &Chart recordings of the determination of canrenone in serum 
(50-500 fig/liter). 


9 Acidflex, Technicon GmbH. 
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Figure 6-Blood canrenone level after oral administration of 100 mg 
ofspironolactone. Data determined by the manual (- - -) and automated 
(-) procedures are compared. 


itated by the addition of wetting agentss. Carryover, a particular sus- 
ceptibility of two-phase systems, was avoided by setting the number of 
samples relatively low, 1Ohr. Furthermore, the ratio of sample volume 
to wash solution volume was set at 1:5. Thus, with proper functioning, 
the effect on the analytical results by carryover from sample to sample 
was very small and correction was not necessary. 


A very high sensitivity of fluorescence measurement was achieved by 
optimally mounting the flowcell in the light path of the fluorometer. This 
was accomplished by having a cell holder that was adjustable in two axes 
(Fig. 4). 


The fluorescence measured in the two fluorometers was recorded on 
two separate recorders. The records obtained (Fig. 5) showed that 
washing with water between individual samples was virtually complete 
so that the initial baseline was reached between sample peaks. With the 
aid of an integrating device6, the peak heights were calculated from the 
intensity of the fluorescence and were printed out. 


A good correlation existed between canrenone concentration and peak 
height. The curve was linear from 50 to 5OOO pg of canrenone or canrenoic 
acidlliter. The lowest limits of detection were 20 pghiter for canrenone 
and 30 pglliter for canrenoic acid; i.e., when using a 0.23-ml sample, less 
than 10 ng of the metabolite could be detected quantitatively. 


Figure 6 shows the blood level curve for canrenone up to 24 hr after oral 
administration of 100 mg of spironolactone. The manually determined 
canrenone concentrations were compared with those obtained with the 
automated procedure. Control analyses of serum samples with known 
canrenone concentrations were included at  regular intervals (e.g., every 
15 samples) to allow detection of time delays and to check the precision 
and accuracy of the analyses. From 50 analyses of control serum with 500 
pg of canrenonebiter, a coefficient of variation from day to day of 5.2% 
was determined. Determination of canrenoic acid gave a somewhat higher 
value of 6.3%. From multiple analyses of one specimen with the same 
concentration (Fig. 5,500 pg of canrenonebiter), a coefficient of variation 
in series of 1.8% was calculated. 


Figure 7 shows the canrenone and canrenoic acid blood levels obtained 
after oral administration of 100 mg of spironolactone determined with 
the automated procedure. 


Partition of canrenone between the aqueous and organic phases was 
not quantitative and reached a certain equilibrium only, in contrast to 
the manual procedure where phase distribution was almost complete. 
Consequently, a certain proportion of canrenone remained in the aqueous 
phase and was determined together with canrenoic acid. The value for 
canrenoic acid, therefore, had to be corrected for the amount of previously 
unextracted canrenone as follows: 


Ccs = Cc/cs - FCc (Eq. 1) 


4001 350 A 
5 $ 1  300 / 


2oo‘ / a 1501 
I- 


\ canrenone 


I / .  , , , . , , , 
1 2 3 4 5 6 7 8 9 10 


HOURS 
Figure 7-Blood canrenone and canrenoic acid levels after oral ad- 
ministration of spironolactone determined with automated proce- 
dure. 


where: 


Ccs = corrected value of canrenoic acid concentration 
CC/CS = uncorrected value of canrenoic acid concentration containing 


canrenone determined as canrenoic acid with canrenoic acid 
standard 


Cc = canrenone concentration of same sample determined with 
canrenone standard 


F = CT/T where T is the concentration of canrenone standard, 
and CT is that part of the canrenone standard T that is de- 
termined as canrenoic acid with a canrenoic acid standard 


In spite of the comparatively low number of analyses of 20 determi- 
nationshr, the time saved by automation is considerable in comparison 
with the manual procedure. Canrenone and canrenoic acid analyses to 
determine the blood level curves, which previously took 2 days, can now 
be carried out in 2-3 hr. The sensitivity was adequate in spite of the 
one-third lower serum requirement, and the precision was considerably 
increased. 
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N O  T ES 


Selective Estimation of Aconitine in 
Presence of Aconine and Benzoylaconine 


MOHAMED S. KARAWYAX and ALY M. DIAB 


Abstract 0 A selective andsimple colorimetric method is presented for 
the estimation of aconitine in drugs in the presence of aconine and ben- 
zoylaconine. The method is based on the formation of an iron hydroxa- 
mate complex through the acetate ester group to which the biological 
activity is due. The color is measured at  530 nm (5-250 pg/ml). Under 
the experimental conditions, neither the benzoyl group of benzoylaconine 
nor aconine is involved in the process of hydroxylaminolysis. 


Heyphrases 0 Aconitine-colorimetric analysis, pharmaceutical for- 
mulations in presence of aconine and benzoylaconine Colorimetry- 
analysis, aconitine, pharmaceutical formulations in presence of aconine 
and benzoylaconine Alkaloids-aconitine, colorimetric analysis, 
pharmaceutical formulations in presence of aconine and benzoylaconine 


Analgesics, topical-aconitine, colorimetric analysis, pharmaceutical 
formulations in presence of aconine and benzoylaconine 


The effectiveness of tincture of aconite in the local relief 
of neuralgia, sciatica, acute rheumatism, and toothache is 
mainly attributed to aconitine (acetylbenzoylaconine). 
Since aconitine gives no specific color reaction, most an- 
alytical methods depend on the determination of its rela- 
tive toxicity (1-3). Other assay methods are gravimetric 
(4), aqueous (5 ,  6) and nonaqueous (7) titrimetric, and 
spectrophotometric (8). Paper chromatography in com- 
bination with UV spectrophotometry (9) also was reported 
for the assay of different aconite alkaloids. 


The aim of this work was to develop a rather simple 
colorimetric method for the selective determination of 
aconitine in the presence of other aconite alkaloids such 
as aconine and benzoylaconine. Since the acetyl group of 
aconitine is essential for its biological activity (lo), it was 
necessary to seek an assay involving the reaction of this 
group. Therefore, the hydroxamic acid test (11) was opti- 
mized for the quantitative assay of aconitine. 


EXPERIMENTAL 


Materials and Reagents-Aconite extract’ and aconite tincture, 
French Codex 1949, were used as received. 


Aconitine Standard Solution-Dissolve 100 mg of aconitine2 in 100 
ml of absolute ethanol. 


Acetate Buffer, pH 1.5-Adjust 0.1 M sodium acetate to pH 1.5 with 
70% perchloric acid. 


Alkaline Hydroxylamine Hydrochloride Reagent (I I)-Prepare 
Solution 1,12.5% (w/v) methanolic sodium hydroxide, by refluxing 12.5 
g of sodium hydroxide in absolute methanol for 5 min. Prepare Solution 
2, 12.5% (w/v) methanolic hydroxylamine hydrochloride, by refluxing 
12.5 g of hydroxylamine hydrochloride in absolute methanol for 5 min. 
Mix equal volumes of Solutions 1 and 2 and filter. 


Ammonium Ferric Sulfate Reagent-Dissolve 20 g of ammonium 
ferric sulfate dodecahydrate in 100 ml of 70% perchloric acid. 


Determination of Aconitine in Standards-Transfer 0.1,0.25,0.5, 
1,2,4,5, and 6 ml of aconitine standard solution to separate 25-ml flasks, 


1 Les Laboratoires Givaudan. Lavirotte & Cie, Lyon, France. 
2 E. Merck, Germany. 


Table I-Assay of Aconitine by Proposed Method in Synthetic 
Mixtures of Aconitine and Benzoylaconine 


Mixture 


Aconitine, Benzoylaconine, Aconitine 
mg mg Found, mg 


3 1 2.98 
2 2 2.00 
1 3 0.99 
2 1 1.98 


and dilute to about 8 ml with absolute ethanol. Add 3 ml of alkaline hy- 
droxylamine reagent and place the flasks in a water bath at  40-45’ for 
30 min. Then remove the flasks from the water bath and cool to room 
temperature. Add gradually 5 ml of the ammonium ferric sulfate reagent 
with continuous stirring. Rapidly transfer the contents of the flasks into 
25-ml volumetric flasks with acetate buffer, and adjust the volume to 25 
ml with the same buffer. Directly read the absorbance at  530 nm against 
a reagent blank. 


A calibration curve of 5-250 pg of aconitine/ml uersus color intensity 
obeyed Beer’s law with a standard deviation of fO.8%. 


Determination of Aconitine in Products-Extract of Aconite- 
Measure accurately 1 ml of extract, dilute to 5 ml with distilled water, 
render alkaline with dilute ammonia solution, and extract with 20-, lo-, 
lo-, and 10-ml portions of ether. Dry the combined ether extract with 
anhydrous sodium sulfate, distill the ether to dryness, and dissolve the 
residue in 5 ml of absolute ethanol. Complete the assay as described for 
standards, beginning with: “Add 3 ml of alkaline. . . .” 


Tincture of Aconite-Measure 10 ml of tincture, concentrate to 1-2 
ml, and complete the assay as under Extract of Aconite. 


RESULTS AND DISCUSSION 


Aconitine and benzoylaconine cannot be separated from each other 
by any of the usual methods (6). However, the hydroxamic acid method 
proved to be selective for aconitine; benzoylaconine did not interfere 
under the specified conditions. Application of the hydroxamic acid 
method to benzoylaconine, prepared according to Majima et al. (12), 
showed that hydroxylaminolysis of benzoylaconine required a longer time 
and a higher temperature. Moreover, investigation of the visible spectrum 
of the iron hydroxamate of benzoylaconine showed A,,, 558 nm, which 
was sufficiently far from that of aconitine-iron hydroxamate (530 
nm). 


With synthetic mixtures of both aconitine and benzoylaconine, the 
hydroxamic acid method under the specified conditions gave only the 
expected amount of aconitine (Table I). Also, aconine, being an amino 
alcohol, is very soluble in water and, unlike aconitine, is unextractable 
with ether. Therefore, it does not interfere. Furthermore, aconine does 


Table 11-Assay of Aconitine in Aconite Preparations by 
ProDosed Method 


Amount Amount Amount Amount 
Declared, Found, Added, Found, 


Preparation mg/ml mg/ml mg/ml mg/ml Recovery, % 


Extract ofaconite 3.00 3.60 2.00 5.580 99 
Tincture of 0.320 0.350 0.500 0.844 98.8 


Average recovery 98.9 
aconite 


sn n.1 
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not contain an ester group or any other group that may react with the 
hydroxylamine reagent. 


Therefore, the method is rather specific and is preferably used in the 
analysis of aconitine in aconite preparations that generally contain 
benzoylaconine and aconine. The method showed good recovery (99.8%) 
and a reasonable standard deviation (10.8%) (Table 11). 
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Synthesis and Antituberculosis Activity of 
Thiocarboxamide Derivatives of Schiff Bases 


VICTOR ISRAEL COHEN *x, NOEL RIST $, and 
CHRISTIANE DUPONCHEL 


Abstract 0 Synthesis of some N-(4-thiocarboxamidobenzylidene)ar- 
ylamines and N-(substituted benzy1idene)-p-thiocarboxamidoanilines 
from various arylaldehydes and arylamines is described. Fourteen rep- 
resentative compounds were tested in uitro on the ground H3,RV. 


Keyphrases Thiocarboxamides, various-synthesized, screened for 
antituberculosis activity 0 Antituberculosis activity-screened in various 
thiocarboxamide derivatives 0 Structure-activity relationships-various 
thiocarboxamide derivatives screened for antituberculosis activity 


In a search for antituberculosis agents (1-3), some 
thiocarboxamide derivatives of Schiff bases of series I and 
I1 were prepared from various arylaldehydes and aryl- 
amines and studied for biological activity. 


EXPERIMENTAL’ 


An attempt was made to prepare Schiff bases of series I through the 
thiolysis of corresponding nitriles (111) in anhydrous medium, but the 
reaction took an unusual path, yielding disulfide IV (4) (Scheme I). 
Consequently, the following route was established to  synthesize the 
compounds: preparation of the key intermediate, p-thiocarboxamido- 
benzaldehyde, from p-cyanobenzylidene acetate, followed by conden- 
sation of the key intermediate with amines. 


Schiff bases of series I1 were obtained by heating p -thiocarboxami- 
doaniline with aromatic aldehydes. 


Fourteen representative compounds were tested in uitro on the ground 
H37RV. None showed significant antituberculosis activity against either 
0.01 or 0.05 mg of the bacillus a t  40 gg/ml. 


p-Cyanobenzylidene Acetate (V)-Compound V was obtained by 
the method of Lieberman and Connor (5). The crude product was crys- 
tallized from alcohol and obtained in 73% yield, mp 100’. 


Melting points were measured on a Kofler hot-bench apparatus. A Beckman 
IR-20A spectrophotometer was used for IR spectra, which were run in potassium 
bromide. Microanalyses were performed by Service Central de Microanalyse, 94- 
Thias, France. 


Ia: R = C  H, 
Ib: R = p k  H4 
Ic: R = p C 1 6  H, 
Id: R = C,H d H  
Ie: R = p-cfi,c,k, 
Ig: R = p - C  OC,H 
Ih: R = p-CbdH,C,& 


If: R = p C H  OC,H, 


IIa: X =  Y =  H 
Ilb:  X =  CH , Y = H 
IIc: X = C1, k = H 
IId : X = CH 0, Y = H 


IIf: X = H, 9 = NO 
IIg: X = S=CNH,, k = H 


IIe: x = (cd ) 2 ~ ,  Y = H 


p-Thiocarboxamidobenzylidene Acetate (V1)-Compound V (23.3 
g, 0.1 mole) was dissolved in anhydrous pyridine (120 ml), and 20 ml of 
triethylamine was added. Dry hydrogen sulfide was passed through the 
solution for 4 hr. The reaction mixture was left a t  room temperature for 
5 hr and was then poured into cold water and extracted with ether. The 
ether solution was treated with dilute hydrochloric acid, washed with 
water, dried over anhydrous sodium sulfate, and evaporated to dryness. 
The residue, which was either solid or oily, was suitable for the next step. 
Recrystallization from methyl ethyl ketone gave yellow crystals in 70% 
yield, mp 220’. 


Anal.-calc. for C12H13NOlS: C, 53.94; H, 4.87; N, 5.24; S, 11.99. 
Found: C, 53.55; H, 4.90; N, 5.40; S, 12.34. 


p-Thiocarboxamidobenzaldehyde (VI1)-Hydrdlysis of VI was 
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significantly from one another. The ratio of free fraction values 
(treated/control) for the 10 matched pairs was 1.06 f 0.27 (mean f SD), 
and the correlation of these values between members of each pair was 
strong (Fig. 2). 


Figure 3 is a plot of dicumarol free fraction values in serum against the 
serum concentration of albumin or total protein. The pronounced in- 
terindividual differences in serum protein binding of dkumarol were not 
related to corresponding differences in the concentration of serum pro- 
teins. Similar results were obtained previously for warfarin (2). Also 
consistent with previous observations (6) was the strong correlation be- 
tween the free fraction values for dicumarol and warfarin in individual 
animals ( r  = 0.937, p < 0.001, n = 20 in this study). 


The phenobarbital treatment regimen used is sufficient to cause pro- 
nounced enzyme induction, as reflected by the increased total clearance 
of warfarin' and dicumarol(8) and by the increase in relative liver weight. 
This treatment had no significant effect on the serum protein binding 
of warfarin and dicumarol. This result could mean that the concentrations 
of endogenous inhibitors in serum were not affected by enzyme induction 
or that the interindividual differences in serum protein binding of the 
coumarin anticoagulants are due to conformational differences of albu- 
min, with enzyme induction having no effect on the steady-state con- 
centration of that particular protein. 
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Comparative Pharmacokinetics of 
Coumarin Anticoagulants XXV: Warfarin-Ibuprofen 
Interaction in Rats 


JOHN T. SLATTERY, AVRAHAM YACOBI, and GERHARD LEVY 


Abstract The effect of ibuprofen on the pharmacokinetics and anti- 
coagulant action of racemic warfarin was determined in a crossover study 
on male Sprague-Dawley rats. At average plasma concentrations of 24-83 
mg/liter, ibuprofen decreased the biological half-life and increased the 
total clearance of warfarin. It also increased the anticoagulant effect 
produced by a given plasma concentration of total (free and protein- 
bound) warfarin. These effects of ibuprofen appear to be a consequence 
of its displacing effect on warfarin in plasma. 


Keyphrases Ibuprofen-effect on pharmacokinetics and anticoagu- 
lant action of warfarin, rats Pharmacokinetics-warfarin, effect of 
ibuprofen, rats Anticoagulant action-warfarin, effect of ibuprofen, 
rats 0 Warfarin-pharmacokinetics and anticoagulant action, effect of 
ibuprofen, rats 0 Anti-inflammatory agents-ibuprofen, effect on 
pharmacokinetics and anticoagulant action of warfarin, rats 


The widely used nonsteroidal anti-inflammatory agent 
ibuprofen is a weak acid extensively bound to plasma 
proteins (1). As such, it may be expected to displace cou- 
marin anticoagulants such as warfarin from plasma protein 
binding sites. This type of drug interaction can modify the 
distribution and elimination kinetics of warfarin and 
produce transient potentiation of its anticoagulant effect 
(2-4). Nevertheless, several clinical investigations failed 
to detect any effect of ibuprofen, in doses of up to 2.4 g/day, 
on the anticoagulant action of the coumarin drugs phen- 
procoumon and warfarin (5-8). 


In view of the recent tendency to use doses of ibuprofen 
larger than 2.4 g/day for the treatment of inflammatory 


disease, it is important to determine in principle if ibu- 
profen interacts with warfarin under appropriate condi- 
tions (i.e.,  at  plasma ibuprofen concentrations sufficient 
to displace warfarin from protein binding sites). Such an 
investigation was carried out on rats dosed with ibuprofen 
a t  a rate producing ibuprofen concentrations moderately 
higher than those commonly encountered clinically. 


EXPERIMENTAL 


Male Sprague-Dawley rats', 250-300 gat  screening time and 3 W 5 0  
g during the interaction study, were maintained on a standard diet2 with 
unrestricted access to water. 


To determine the in uitro effect of ibuprofen on warfarin binding to 
rat serum protein, blood was obtained from the abdominal aorta of 11 
ether-anesthetized rats and the serum was separated. To serum samples 
from individual rats were added 0.7-0.8 pg/ml of racemic 14C-warfarin3, 
76 pCi/mg, and 0-150 pg/ml of racemic ibuprofen4. The free fraction of 
warfarin in serum (free/total warfarin concentration) was determined 
by equilibrium dialysis (9). 


Sixty-three rats were screened for the in uiuo interaction study by 
collecting 3 rnl of blood from the tail artery under light ether anesthesia, 
separating the serum, and determining the free fraction of warfarin by 
equilibrium dialysis. Fourteen rats with widely differing warfarin free 
fraction values (0.0023-0.0157) were selected from this group for the 


Blue Spruce Farms, Altamont, N.Y. 
Charles River Formula 4RF. 
Amersham/Searle Corp., Arlington Heights, Ill. ' Supplied by The Upjohn Co., Kalamazoo, Mich. 
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Table I-Concentrations of Ibuprofen in Plasma of Rats Used in 
the Warfarin Interaction Studya 


Average Number 
Rat Concentration of Deter- 


Number (i SD) ,  mghiter minations 


2.0 4 


1 
2 
3 


71.6 (f32.9) 
68.1 (f27.8) 
33.6 (126.0) 


7 
7 


12 
10 
5 
3 f 4 


5 
6 
7 
8 
9 


10 


38.7 (it3i.gj 
78.4 (f43.7) 


€ 7i.6 if27.2j 
60.5 (f31.7) 
48.8 (f28.6) 
47.4 (i38.8) 


6 
8 
9 


10 
7 ii 


12 
13 


1.0 J. - 
I I I I I 
0 50 100 150 


IBUPROFEN, mgiliter 
Figure 1-Effect of ibuprofen on protein binding of warfarin in rat 
serum. Shown is the relationship between the warfarin free fraction ratio 
(with ibuprofenlcontrol) and the ibuprofen concentration. Each point 
is the mean of the free fraction values in individual serum samples from 
11 animals. Bars = fl SE; dashes = fl SD. The concentration of ra- 
cemic warfarin was 0.718 f 0.095 mglliter, and the control free fraction 
value ranged from 0.00482 to 0.0149. 


interaction study, which was initiated 30 days after the screening ex- 
periment. 


All animals received racemic 14C-warfarin, 0.45 mghg iv. Some animals 
also received ibuprofen, 40 mg/kg ip a t  -1 hr and 20 mg/kg ip every 3 hr 
thereafter; the others received injections of normal saline solution at the 
same intervals. A crossover experiment was carried out 3 weeks later. The 
warfarin and ibuprofen injection solutions were freshly prepared by 
dissolving the drugs in a small amount of sodium hydroxide solution and 
diluting to the desired volume with isotonic pH 7.4 phosphate buffer. 


Blood samples (0.20-0.45 ml) were obtained at frequent intervals from 
the tail artery (10). Plasma was separated and used for determination 
of prothrombin complex activity (lo), warfarin concentration ( l l ) ,  and 
ibuprofen concentration (12). Ibuprofen was separated from the plasma 
extract during TLC separation of warfarin. Ibuprofen reference spots 
were located on the TLC plate after development by spraying the ap- 
propriate region with 0.1% bromocresol purple in water (13). A band of 
silica coating corresponding to the Rf of ibuprofen5 was then scraped off, 


ii 
8 


42.9 (f32.9) 
39.2 (f26.2) 


14 54.8 if28.3j 8 
Mean 54.4 


a The rats received an initial ibuprofen dose of 40 mg/kg and 20 mg/kg every 3 
hr thereafter. 


placed in a glass centrifuge tube with 2.5 ml of 0.1 N sodium hydroxide, 
shaken for 20 min, and centrifuged. A 2-ml aliquot of the supernate was 
acidified with 0.5 ml of 6 N hydrochloric acid and extracted (20 min of 
shaking) into 5 ml of benzene, which was then separated by centrifuga- 
tion; 4 ml of the benzene phase was used for GLC analysis (12). The re- 
covery of ibuprofen was 90 f 7.5% (mean f SD, n = 14) and was inde- 
pendent of concentration in the 2-120-pg/ml range. 


The effect of ibuprofen on the prothrombin complex activity (PCA) 
in the serum of otherwise untreated rats was determined by administering 
ibuprofen, 25 mghg ip, every 4 hr to six rats and obtaining blood samples 
a t  12, 24, and 36 hr. The effect of ibuprofen on the rate constant for 
degradation of prothrombin complex activity, kdeg ,  was determined by 
administering a prothrombin complex activity synthesis blocking dose 
(12 mg/kg) of warfarin to 12 rats. Six received ibuprofen, 25 mgkg ip, 
every 4 hr from -36 hr to the end of the experiment while the other six 
received normal saline injections at  the same intervals. Blood samples 
for prothrombin complex activity determination were obtained every 3 
hr for 9-12 hr after warfarin administration. 


RESULTS 


Ibuprofen, a t  concentrations of 25 mg/liter and above, significantly 
(p < 0.001) decreased the protein binding of warfarin in the serum of rats 
(Fig. 1). There was a statistically significant ( p  < 0.001) correlation be- 
tween the control free fraction value and the free fraction value of war- 
farin a t  each ibuprofen concentration in individual animals. 


Figure 2 shows the effect of ibuprofen administration on the phar- 
macokinetics of warfarin in a rat. The average plasma ibuprofen con- 
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Figure 2-Effect of ibuprofen administration on the elimination of 
warfarin in Rat 11. Shown are the warfarin concentrations in serum 
during the control experiment (0) and during ibuprofen administration 
(0) 3 weeks later. The ibuprofen concentrations in serum (m) were 
produced by an initial injection of 40 mglkg at -1 hr (long arrow) fol- 
lowed by 20 mglkg every 3 hr (short arrows). 


b’. , , , , , , , , 
8 16 24 32 


HALF-LIFE (CONTROL), hr 


Figure 3-Relationship between half-life of warfarin in the same ani- 
mals in a control experiment and during ibuprofen administration in 
a crossover study. The stippled line has a slope of unity. 


~ 


5 The Rf  of ibuprofen in this system is about 0.35; that of warfarin is about 0.7. 
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Table 11-Effect of Ibuprofen Administration on the Pharmacokinetics of Warfarin in Rats 


Control 
Parameter Experiment (C) With Ibuprofen (I) Ratio, C:I 


16 7 


- 
z 
w 
LL g 1 2 -  


ig 8 -  


L 
3 
m 
W 5  


4 - i  
a 


0 4 -  


- L  


U 
W 
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t 
cl 
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Half-life, hr 17.3 (9.13-33.5) “ 15.0 (7.17-33.5)* 1.19 (1.00-1.47) 
Apparent volume of distribution,, ml/kg 155 (98-212) 154 (118-197)~ 1.01 (0.824-1.21) 
Body clearance, ml/hr/kg 7.62 (2.36-13.4) 8.99 (2.56-16.2) * 0.851 (0.592-1.00) 


0 Mean (n = 14) and range of individual values. * Significantly different from control value by paired t-test ( p  < 0.01). Not significantly different from control 
value. 
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centrations observed during the study ranged from 23.8 to 82.7 mghiter 
in the 14 animals (Table I). Preliminary studies on six other rats yielded 
ibuprofen total clearance values from 139 to 220 mI/hr/kg and a half-life 
of 1.5-3.6 hr after a single 75-mgBg iv dose. The effect of ibuprofen on 
the pharmacokinetics of warfarin in all 14 rats is summarized in Table 
11. Ibuprofen caused a small but statistically significant (p < 0.01) de- 
crease in the biological half-life and increase in total body clearance (p 
< 0.001) of warfarin but had no apparent effect on the volume of distri- 
bution of the anticoagulant. There was a highly statistically significant 
correlation between the control and ibuprofen treatment values of half- 
life (r = 0.957, p < 0.001; Fig. 3), the apparent volume of distribution (r  
= 0.980, p < 0.001; Fig. 4), and the total body clearance ( r  = 0.980, p < 
0.001; Fig. 5) for warfarin in individual animals. 


220 1 


100 1 / /  
/ 


I I I I 
100 140 180 220 


VOLUME OF DISTRIBUTION 
(CONTROL), rnl/kg 


Figure 4-Relationship between apparent uolume of distribution of 
warfarin in a control experiment and during ibuprofen administration 
to the same animals in a crossover study. The stippled line has a slope 
of unity. 


Table 111-Effect of Ibuprofen Treatment“ on Clotting Time 
of Plasma in Rats 


Duration of Clotting Time, 
Treatment, hr secb 


0 28.9 i 0.88 
O C  28.6 f 0.66 


12 29.3 f 0.84d 
24 29.6 f 1.7d 
36 28.9 i 2.3d 


a 25 m /k ip every 4 hr. * Mean f SD, n = 8, except at 36 hr when n = 5 (three 
animals &e&. Ibuprofen,O.l mg/ml, added in uitro. Not statistically signifi- 
cantly different from zero-time value. 


Ibuprofen, when added to plasma in uitro or when administered to the 
rats, had no apparent effect on the prothrombin complex activity, as 
reflected by a lack of significant change in the clotting time of plasma 
(Table 111). Ibuprofen administration also had no statistically significant 
effect on the degradation kinetics of prothrombin complex activity (kdq 
= 5.48 f 0.42 days-’ in control animals and 5.99 f 0.63 days-’ in ibu- 
profen-treated animals). 


Figure 6 shows the effect of ibuprofen treatment on the relationship 
between the relative synthesis rate of prothrombin complex activity and 
the plasma warfarin concentration in one rat. The linear logarithmic 
regression line can be characterized by its slope and by the concentration 
required to decrease the relative synthesis rate to one-half of normal 
(designated as the “effective concentration”). The results obtained in 
all animals are summarized in Table IV. Ibuprofen caused a significant 
decrease in the effective concentration and increase in the absolute slope 
value. There was a statistically significant correlation (r  = 0.974, p < 
0.001) between the effective concentrations of warfarin for individual 
animals in the control experiment and during ibuprofen administration 
(Fig. 7). 


DISCUSSION 


Ibuprofen can displace warfarin from serum protein binding sites. Since 
the total clearance of warfarin by the body is proportional to the free 
fraction of the drug in serum or plasma (14, 15) and since the antico- 
agulant action of warfarin is a function of the concentration of free drug 


I 
I I ~ ~ ‘ ~ ~ l  I I 


0.3 1 .o 3.0 
CONCENTRATION, rnghiter 


Figure 6-Effect of ibuprofen administration on the relationship be- 
tween the relative synthesis rate of prothrombin complex activity 
(Rayn/R; J and warfarin Concentration in plasma. Data are from Rat 
11 during a control experiment (0)  and during ibuprofen administra- 
tion (0). 
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Table IV-Effect of Ibuprofen Treatment on the Relationship between Anticoagulant Effect and Plasma Concentration of Warfarin 
in Ratsa 


L 
w -  +- .- - 
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2 -  
a t- 


u: 1.2-  
t- z 
W 
0 -  z 
0 
0 0.8- 
W 


1 
:: t - -  


," 0.4- 
W 


Parameter Control (C) IbuDrofen (1) Ratio. C:I 
~ 


Effective concentration (Concentration when R,,, = 0.5 Rtyn), 0.598 (0.146-2.03) * 0.414 (0.042-1.38)' 1.65 (0.730-3.48) 


Slope of regression line for R,~,~R:~,, versus log concentration 
mg/liter 


-1.01 (-0.455 to -1.69) -1.31 (-0.851 to -2.06)d 0.830 (0.452-1.70) 


0 Crossover study on 13 rats (data on the 14th animal could not be obtained for technical reasons). * Mean (range). p < 0.005 uersus control (paired t-test). p < 
0.05 uersus control (paired t-test). 


(16), it follows that, all else being equal, displacement of warfarin from 
plasma proteins by ibuprofen should increase the total clearance of the 
anticoagulant and decrease the plasma concentration required to produce 
a given degree of anticoagulation. The results of this investigation are 
consistent with these considerations; ibuprofen treatment caused an 
increase in the total clearance of warfarin and a decrease in its effective 
concentration. Since ibuprofen has no apparent inductive effect on 
drug-metabolizing enzyme systems (1,17), it is unlikely that the increased 
total clearance of warfarin was due to enzyme induction. 
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I./'.. 


/ /  . 
/ 


/ 
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Due to the short half-life of ibuprofen in rats, the concentrations of this 
drug fluctuated significantly during the 3-hr interval between injections. 
The timing of blood sample withdrawals was dictated primarily by the 
need to characterize the pharmacokinetics and time course of the anti- 
coagulant effect of warfarin. Consequently, blood samples were not ob- 
tained at  constant times after ibuprofen injection, and this magnified 
the intra- and intersubject variations in the observed plasma ibuprofen 
concentrations. For the same reason, the free fraction value of warfarin 
fluctuated within ibuprofen dosing intervals. These complexities and the 
need to keep the animals in good condition for the crossover experiment 
made it impossible to determine the time course of concentrations of free 
(not protein-bound) warfarin in serum during the in uivo interaction 
study. 


It is feasible, however, to determine indirectly if displacement of 
warfarin from serum proteins is the sole or predominant mechanism of 
the observed warfarin-ibuprofen interaction or if additional factors 
contribute significantly to the interaction. Since both the body clearance 
and anticoagulant effect of warfarin are functions of the free fraction of 
drug in plasma, the relationship between body clearance and effective 
concentration should be the same in control and ibuprofen experiments 
if the interaction is due only to displacement of the protein-bound anti- 
coagulant. As evident in Fig. 8, this appears to be the case. In support of 
this conclusion are the observations that ibuprofen has no apparent effect 
on the synthesis and degradation of prothrombin complex activity and 
that the average increase in total clearance of warfarin (Table 11) is of 
similar magnitude as the increase in warfarin free fraction produced by 
the observed average ibumofen concentrations (Table I and Fie. 1). - -  


I I 1 I < Based on pharmacokinetic data from humans (12). the steaiv-state - -  _ _  . _  . . 


0.4 U.8 1 .z 1.6 '.' plasma conckntration of ibuprofen produced by a daily dose of 2.4 g is 
estimated to be 30-40 mgfliter. Peak concentrations of ibuprofen during 
a dosing interval will be aDDreciablv hieher. and an increase in the dosine 


EFFECT'VE CoNCENTRAT'oN (CoNTRoL)v mg"iter 
Figure 7-Relationship between the effective plasma warfarin con- 


" I .  


centration in rats in acontrol experiment and during ibuprofen ad- 
ministration t o  the same animals in a crossover study. The effective 
concentration is the concentration of total (free and protein-bound) 
warfarin required to decrease Rsyn to one-half of normal (i.e., RSyn/R&, 
= 0.5). The stippled line has a slope of unity. 


rate wiil produce a corteiponding increase in the steady-state conceny 
tration. It was estimated that the binding capacity of albumin in human 
plasma for ibuprofen is only 120 mgfliter (1). Inflammatory disease is 
often associated with hypoalbuminemia (181, resulting in a decreased 
binding capacity of plasma. For these reasons, it is desirable to determine 
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Figure 8-Relationship between the effective plasma warfarin con- 
centration and the body clearance of warfarin in individual rats in a 
crossover study. Key: 0, control experiment; and 0, during ibuprofen 
administration. 


the effect of various concentrations of ibuprofen on warfarin binding in 
normal and hypoalbuminemic human plasma. 


This investigation showed that ibuprofen can, in principle, modify the 
elimination kinetics and anticoagulant activity of warfarin. These effects 
appear to be the consequence of decreased serum protein binding of 
warfarin in the presence of ibuprofen. Since this displacing effect of 
ibuprofen is concentration dependent, the clinical significance of these 
findings can only be assessed by determining the effect of therapeutic 
concentrations of the agent on the plasma protein binding of warfarin 
(19). Such determinations are in order also for other nonsteroidal anti- 
inflammatory agents that have recently come into clinical use (20). 
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Interrelation between Two Anticomplement Cobra Venom 
Factors Isolated from Crude Naja naja Cobra Venom 


BRIAN J. JOHNSON and UMBERTO N. KUCICH * 


Abstract Two moieties occurring in crude Naja naja cobra venom 
were found to possess anticomplement activity. Both materials possessed 
similar molecular weights and specific activities but dissimilar elution 
profiles upon ion-exchange chromatography. The anticomplement ac- 
tivities of these materials were maintained upon digestion with neu- 
raminidase, and their elution profiles from cation-exchange chroma- 
tography became identical after this treatment. It was concluded that 
the differences between the two anticomplement materials were due to 
their different sialic acid contents. 


Keyphrases Cobra venom-two anticomplement factors isolated by 
ion-exchange chromatography, effect of neuraminidase digestion 
Ion-exchange chromatography-isolation, two anticomplement factors 
from cobra venom 0 Anticomplement activity-two factors isolated by 
ion-exchange chromatography from cobra venom, effect of neuraminidase 
digestion 


Purified cobra venom factor is probably the single most 
valuable substance for lowering complement levels in uiuo. 
The mechanism of action of cobra venom factor uia one 
pathway was described previously (1). When the factor is 
administered in small doses to minimize the lysis of red 
blood cells, complement activity is depressed; this de- 
pression can be maintained for 3-4 days (1). However, an 
antibody eventually develops against the cobra venom 
factor, inhibiting its anticomplement activity. 


The possible clinical usefulness of cobra venom factor 
in reducing the amount of infarcted tissue following cor- 
onary occlusion was reported previously (2). In experi- 
mental animals, the myocardium that can be salvaged is 
substantial, and the treatment may be started a number 
of hours following the occlusion and still be effective. Since 
acute myocardial infarction constitutes the most common 
cause of death in this country, any procedure that can 
salvage substantial quantities of the patient's myocardium 
after the patient's arrival a t  the hospital should be inves- 
tigated. Animal studies showed that cobra venom factor 
diminishes the inflammatory response following ischemic 
damage and thus reduces the size of myocardial infarcts 
after coronary occlusion (3, 4). These conclusions were 


reached using various electrophysiological, biochemical, 
histological, histochemical, and electron microscope 
techniques. 


During an investigation on the purification of cobra 
venom factor from crude Naja naja cobra venom, two 
anticomplement factors were obtained. This report con- 
cerns the identification of these materials and their in- 
terrelationship. 


EXPERIMENTAL 


All buffers were prepared from reagent grade materials according to 
American Chemical Society standards. Gel filtration media were equil- 
ibrated with starting buffer for 2 days or heated to 80" for 6 hr prior to 
column preparation. All absorbance measurements were made a t  280 nm. 
Freshly drawn human blood was allowed to clot, and the resulting serum 
served as the complement source. 


Anticomplement Activity-Qualitative Assay-The assay was based 
on previously reported methods (5-7). For scanning column runs, sen- 
sitized sheep erythrocytes, EA (8), were labeled by incubation with 
51Cr-labeled sodium chromate in barbital buffer, pH 7.4 (50 pCi/l X 
109 cells), at 37O for 45 min with constant agitation. The cells were washed 
(5 X 10 ml of barbital buffer at 4"), resuspended in byffer, and then 
standardized to a concentration of 1 X lo9 cells/ml. 


T o  a series of wells in a microtiter test plate was added 20 fi1 of human 
complement, C. T o  each well was added 20 p1 of cobra venom factor or 
column sample, and the plate was incubated a t  37" for 1 hr. Another 100 
p1 of buffer was added to each well, followed by 20 pl of the 51Cr-primed 
sensitized sheep erythrocytes, EA, with constant agitation. The samples 
were incubated a t  37' for 1 hr and centrifuged, and aliquots of 50 p1 were 
removed from each well. 


The amount of lysis was obtained by measuring the amount of 51Cr- 
label released with a y-counter. Controls consisting of sensitized cells 
alone, sensitized cells plus complement, and cells plus water were run 
concurrently with the described assay. The percentage of inhibition (I) 
of lysis was calculated from: 


%I = 100 [ 1 


1 cpm released by EA, sample, and C - cpm released by EA alone 
cpm released by EA and C - cpm released by EA alone 


- 


0%. 1) 
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Alterations Induced in Distribution and In Vivo 
Metabolism of Imipramine by Pregnenolone-16a-carbonitrile 


SHELDON BROOKMAN and PANOS KOUROUNAKIS * 


Abstract 0 Female rats were given pregnenolone-16a-carbonitrile (I) 
to investigate its in uiuo effects on the loss of the righting reflex and the 
mortality rate induced by imipramine as well as the concentrations of 
this drug and its metabolite, desipramine, in plasma, brain, liver, lungs, 
and kidneys. The protective action of I was associated with diminished 
organ levels of imipramine (catatoxic mechanism), and the relationship 
between brain and plasma imipramine concentrations remained unal- 
tered. Desipramine-imipramine molar ratios were increased, indicating 
an elevated rate of N-demethylation, The unbound imipramine in plasma 
was diminished, but the relationship between protein-bound and un- 
bound imipramine levels was not modified. 


Keyphrases Pregnenolone-16a-carbonitrile-effect on pharmaco- 
logical activity, distribution, and in uiuo metabolism of imipramine, rats 


Imipramine-effect of pregnenolone- l6a-carbonitrile on pharmaco- 
logical activity, in uiuo metabolism, and distribution, rats Distribu- 
tion-imipramine, effect of pregnenolone-l6a-~arbonitrile, rats 0 Me- 
tabolism-imipramine, effect of pregnenolone-l6a-~arbonitrile, rats n 
Steroids-pregnenolone-l6~-carbonitrile, effect on pharmacological 
activity, distribution, and in uiuo metabolism of imipramine, rats 0 
Antidepressants-imipramine, effect of pregnenolone-16a-carbonitrile 
on pharmacological activity, distribution, and in uiuo metabolism, rats 


The protection afforded by catatoxic steroids against 
intoxication of diverse etiology, such as analgesics, car- 
cinogens, and pesticides (l), was associated with induction 
of liver microsomal enzymes, particularly NADPH-de- 
pendent mixed function oxidases (2, 3), as well as with 
decreased levels of these toxicants in plasma, brain, and 
other tissues (3-7). Pregnenolone-16a-carbonitrile (I), a 
well-known hepatic microsomal enzyme inducer devoid 
of any other hormonal or pharmacological properties, ex- 
erts the greatest prophylactic effect in uiuo (1) of the ste- 
roids studied. 


A t  present,, imipramine is the most ftequently used 
tricyclic antidepressant. Its main metabolic pathways in 
the body include N-demethylation, N-oxidation, hy- 
droxylation, and glucuronidation (8-12). Desipramine, one 
principal metabolite of imipramine, is pharmacologically 
active (13-15). Both imipramine and desipramine are 


lipophilic and pass into the brain, their target organ 
(16). 


In view of the importance of imipramine in therapeutics, 
it was of interest to determine: (a) whether a drug-me- 
tabolizing enzyme inducer, e.g., I, would produce charac- 
teristic alterations in drug distribution; ( b )  whether the 
changes in plasma drug concentration would be reflected 
in the brain as well as in the overall pharmacological effect; 
and (c) whether I would modify the influence of plasma 
protein binding on drhg distribution. 


EXPERIMENTAL 


Female Charles River rats', 160-200 g, were maintained on laboratory 
chow2 and tap water ad libitum. Compound I3 was given twice daily for 
3 days at  a dose level of 68.3 mg/kg PO in 0.5 ml of water as a micronized 
suspension homogenized with a trace of polysorbate 80. For comparative 
purposes, control animals received water with a trace of polysorbate 80. 
Imipramine hydrochloride4,80 mghg ip, was administered to all rats in 
1 ml of distilled water once on the 4th day, 18 hr after the last pretreat- 
ment, unless otherwise stated. 


Tables I and I1 indicate the various time periods at which blood sam- 
ples were withdrawn under light ether anesthesia by aorta puncture into 
a syringe containing 0.2 M sodium oxalate. Tissues were removed and 
frozen until required for analysis. Drug-free plasma and tissues were used 
for preparing standards And blanks. 


GLC-Imipramine and desipramine cdncentrations were measured 
by GLC5. A 1.5-m X 6.4-mm 0.d. glass column packed with 1.5% OV-17 
on %lW-rnesh Gas Chrom Q was used. The initial column, injector, and 
detector temperatures were 240,300, and 30O0, respectively. The column 
temperature was programmed for increases of 32O/min, starting 1 min 
after the time of injection. The final column temperature ( 2 8 0 O )  was 
maintained until 10 min pbstinjection. The nitrogen flow rate (as the 
carrier gas) was 18 ml/min, and hydrogen and compressed air pressures 


~ 


l Canadian Breeding Farms & Laboratories Ltd., St. Constant, Quebec. Cana- - ,  da. 
Purina Laboratory Chow. 
The U john Co., Kalamazoo, Mich. 


Pye Unicam 104 chromatograph equipped with a flame-ionization detector and 
4 Ciba-&igy (Canada) Ltd., Dorval, Quebec, Canada. 


a Honeywell Electronik 194 Lab-Test recorder coupled with a disk integrator. 
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Table I-Effect of I on Imipramine Distribution in Tissues and Plasma and on the Brain-Plasma Ratios 


Imipramine Concentration, pg/g 
Parameter 15 rnin 30 rnin 60 rnin 120 min 240 rnin 


Liver 
Control 
Pretreated 


Control 
Pretreated 


Lungs 


130.0 f 12.3 (6j" 85.2 f 5.1 (7) 70.6 f 5.4 (7) 69.0 f 6.0 (7) 45.3 f 3.0 (8) 
71.7 f 5.3 (8) 40.8 f 3.0 (I])* 37.0 f 1.5 36.5 f 1.1 (8)* 27.7 f 0.9 (8) 


136.1 f 8.9 (7) 81.1 f 7.6 (8) 80.8 f 2.3 (8 )  76.5 f 3.7 (9) 47.4 f 1.9 (7) 
64.3 f 4.1 (9)* 45.1 f 4.2 (9) 51.7 f 2.8 (8Ib 50.2 f 2.8 ( 8 ) b  49.7 f 1.5 (7)= 


Kidneys 
52.4 f 2.9 (8) Control 92.4 f 5.7 (7) 91.0 f 4.5 (7) 65.7 f 3.9 (8) 


Pretreated 63.1 f 4.7 (6) 47.8 f 4.2 (7) 39.9 f 1.7 (7) * 36.4 f 1.4 (7) 
Brain -. 


Control 
Pretreated 


62.4 f 4.9 (5) 
37.7 f 2.9 (6) 


84.9 f 8.5 (5) 
41.2 f 2.2 (6) 


57.5 f 4.4 (6) 
31.8 f 2.5 (6)b 


38.1 f 1.1 (7) 
25.9 f 1.5 (8) 


Plasma 
Control 2.6 f 0.2 (8) 2.3 f 0.3 (5) 1.5 f 0.1 (7) 0.9 f 0.1 (9) 
Pretreated 1.6 f 0.1 1.2 f 0.1 ( 8 ) b  0.8 f 0.1 (10)b 0.5 f 0.1 ( 8 ) b  


Control 24 37 38 42 
Pretreated 24 34 40 52 


Brain-plasma ratio 


Figures in parentheses indicate number of animals. * p < 0.005. p > 0.05. 


Table 11-Effect of I on DesiDramine Distribution in  Tissues and Plasma after ImiDramine Administration 


Desipramine Concentration, pg/g 
Parameter 15 rnin 30 rnin 60 min 120 min 240 rnin 


Liver 
Control 115.0 f 6.7 (7)O 104.0 f 7.8 (6) 114.5 f 13.9 (7) 127.5 f 11.0 (5) 133.7 f 16.2 (5) 
Pretreated 197.0 f 9.9 (7) 205.0 f 16.3 (8) 194.8 f 16.1 (8) 210.2 f 7.9 ( 8 ) b  198.6 f 16.0 (5)' 


Pretreated 89.5 f 8.2 (7)d 121.1 f 6.1 (7)b 117.9 f 3.0 (7)b 105.2 f 6.3 (7)d 


Control 144.0 f 11.9 (9) 158.1 f 7.8 (9) 172.6 f 11.2 (7) 171.0 f 13.1 (8) 170.1 f 9.2 (6) 
Pretreated 224.0 f 16.4 (7) * 197.1 f 8.9 (5)e 214.5 f 12.2 (8)' 161.0 f 4.9 (6)d 198.8 f 7.4 (7)' 


Control - 17.6 f 1.2 (5) - - 17.8 f 1.3 (7) 
15.3 f 0.4 (8)d 


Kidney 


Lung 


Brain 


Control 84.2 f 6.6 (5) 88.8 f 7.4 (7) 90.5 f 5.0 (7) 110.5 f 7.9 (7) - 
- 


Pretreated - 38.0 f 1.6 (5) - - 


Control - 3.5 f 0.5 (4) - - - 


Pretreated - 6.6 f 0.9 (4) * - _. - 


Plasma 


0 Figures in parentheses indicate number of animals. * p < 0.005. p < 0.05. p > 0.05. e p  < 0.01 


were adjusted to maximize the detector response (hydrogen, 1.2 kg/cm2; 
and air, 0.95 kg/cm2). 


Plasma Protein Binding-Free and protein-bound imipramine were 
measured by a modified in uiuo dialysis method (17,18). A cellulose sac6 
containing 4 ml of a 6% dextran7 solution was implanted subcutaneously, 
under light ether anesthesia and sterile conditions, on the back through 
a small incision in the sacral region 24 hr prior to imipramine adminis- 
tration (as described). The sac was removed after 30 min; the contents, 
pooled from three animals, were analyzed for imipramine (corresponding 
to the level of free drug). 


Measurement of Imipramine and Desipramine-In these studies, 
imipramine and desipramine were extracted from the biological materials 
as follows. Organs were homogenized in three parts of water. Aliquots 
of the resulting homogenate or plasma were pipetted into glass-stoppered 
centrifuge tubes containing 0.1 ml of 2 N NaOH and 0.1 ml of internal 
standard (3 jcg of promazine); the total volume was adjusted to 4 ml with 
distilled water. In the plasma protein binding experiment, 12 ml of 6% 
dextran solution, 0.1 ml of 2 N NaOH, and 0.1 ml of internal standard 
(2 pg of promazine) were mixed to give a total volume of 12.2 ml. Heptane 
(10 ml) containing 1% isoamyl alcohol was added, and the whole mixture 
was shaken for 10 min. 


After centrifugation, 9.5 ml of the organic layer was removed, and the 
procedure was repeated twice using 5 ml of organic solvent. The combined 
organic phase was transferred to a tube containing 15 ml of 0.1 N HCl, 
and the tube was shaken for 10 min. After centrifugation, 14.5 ml of the 
acidic phase was adjusted to pH 11 with 2 N NaOH. Freshly distilled 
ether (8 ml) was added, and the tube was shaken for 10 min and then 
recentrifuged. As much as possible of the ether layer was removed, dried 
over anhydrous potassium carbonate, and transferred to glass tubes with 
finely tapered tips. The ether was evaporated in a water bath at  40°. The 


6 Diameter, 28 mm; pore radius, approximately 26 A. 
1 Molecular weight 75,000, Abbott Laboratories, Montreal, Quebec, Canada. 


tubes were stoppered and cooled in an ice bath to give a final volume of 
4 . 0 5  ml of ethedvial, of which approximately 5 jc1 was injected into the 
gas chromatograph. 


The ratio of peak areas of imipramine or desipramine to the internal 
standard (corrected for attenuation) was then calculated, and the con- 
centration of each sample was obtained by reference to a standard cali- 
bration curve constructed of known amounts of imipramine or desipra- 
mine and promazine. The peak area ratios of either substrate to that of 
promazine were plotted against the concentration of imipramine or 
desipramine in micrograms per milliliter of plasma or micrograms per 
gram of tissue; a least mean squares linear regression was performed on 
the points to get the best-fit straight line. 


RESULTS AND DISCUSSION 


Acute intoxication with imipramine, measured on the basis of the loss 
of the righting reflex and the mortality rate a t  30 min postinjection (120 
mg/kg ip), was strikingly diminished by I. The loss of righting reflex 
values (positive/total) were: control, 15/15; and I, 1/15. The mortality 
rates (deadhotal) were: control, 15/15; and 1,0/15. After reducing the 
imipramine dose to 80 mg/kg, the mortality rates were: control, 1/18 and 
I, 0/15. The loss of righting reflex values were then: control, 15/15; and 


Table 111-Effect of I on the Desipramine-Imipramine Molar 
Ratio in Plasma, Brain, and Liver af ter  30 min 


Desipramine-Imipramine Molar 
Ratio 


Parameter Control I Pretreated Increase. % 


Plasma 1.4 5.2 270 
Brain 0.2 0.9 350 
Liver 1.2 4.8 300 
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I, 2/15. Convulsions were observed in the controls, while ptosis was evi- 
dent in all animals. 


The decreased pharmacological action correlated with reduced drug 
concentrations in the brain and other tissues (Table I) a t  0.25,0.5, 1,2, 
and 4 hr after imipramine treatment. The plasma drug levels of both 
groups (control and pretreated) were remarkably low in comparison to  
the tissue values, with most tissues exhibiting the highest concentrations 
within 15 min after administration. The elevated brain-plasma ratios 
showed that the nonpolar character of imipramine enhanced its entry 
through the blood-brain barrier; the brain attained peak concentrations 
in 30 min. The similarity between the brain-plasma ratios of control and 
pretreated animals indicates that  I did not modify the permeability of 
the barrier. 


At 15 min postinjection, among all concentrations measured, those of 
the liver and lung were the highest. However, after 30 min, these differ- 
ences disappeared and all tissues examined had similar drug concen- 
trations. This result could be attributed to a redistribution of the drug 
with time. Since the liver is the principal site of detoxication, i t s  high drug 
levels were not unusual. Persistently elevated concentrations in the lung 
also were observed in fatal intoxications among humans (19). 


Table I1 summarizes the desipramine values in rats after imipramine 
administration. Like the parent compound, its plasma concentrations 
were low compared to those of the tissues after 30 min, indicating a rapid 
tissue uptake. There was no decline of desipramine levels in the various 
tissues of I-pretreated and control groups at 0.25,0.5,1,2, and 4 hr, with 
the exception of the brain of I-pretreated animals which showed a sig- 
nificant reduction after 4 hr. 


The molar concentration ratios of desipramine and imipramine in 
plasma, brain, and liver after 30 min were indicative of differences in the 
biotransformation rate between control and pretreated animals (Table 
111). The antisedative effects of imipramine vis-$-vis the syndrome evoked 
by reserpine and certain benzoquinolizines (20, 21) may be mediated 
through its metabolite, desipramine (19, 22). According to Bickel and 
Brodie (231, the N-demethylation of tertiary amines results in a loss of 
their sedative properties. Judging from the 350% increase in the des- 
ipramine-imipramine molar ratio in I-pretreated rats, this fact may ac- 
count in part for the diminished loss of the righting reflex. 


The plasma free drug concentrations in control and I-pretreated ani- 
mals were 0.053 f 0.010 and 0.025 f 0.000 figlrnl, respectively. These data 
provide information with respect to imipramine uptake a t  the site of 
action, i.e., the brain. The significantly lower concentration of imipramine 
capable of penetrating the blood-brain barrier is reflected in the di- 
minished pharmacological response. Compound I, on the other hand, was 
not effective in altering the percentage of free drug: 2.1 uersus 2.2% for 
controls. 


In conclusion, I pretreatment reduced the toxic manifestations of 
imipramine in rats because it enhanced the biotransformation of this 
drug, resulting in lower tissue concentrations. 


REFERENCES 


(1) H. Selye, “Hormones and Resistance,” Springer-Verlag, 


(2) E. Horvath, K. Kovacs, J. A. Blascheck, and A. Somogyi, Virchows 
Heidelberg, Germany, 1971. 


Arch. B, 7,348 (1971). 


(3) B. Solymoss, S. Varga, and M. Krajny, Arzneim.-Forsch., 21,384 


(4) B. Solymoss, M. Krajny, and S. Varga, J .  Pharm. Sci., 59,712 


(5) B. Solymoss, J. Werringloer, and S. Toth, Steroids, 17, 427 


(6) S. Szabo, H. Selye, P. Kourounakis, and Y. Tach&, Biochem. 


(7) P. Kourounakis, S. Szabo, and H. Selye, J.  Pharm. Sci., 62,1946 


(8) B. Herrmann, W. Schindler, and R. Pulver, Med. Exp. ,  1, 381 


(9) B. Herrmann and R. Pulver, Arch. Int. Pharmacodyn. Ther., 126, 


(1971). 


(1970). 


(1971). 


Pharmacol., 23,2083 (1974). 


(1973). 


(1 959). 


454 (1960). 
(10) J. Im Obersteg and J .  Baumler, Arch. Toxicol., 19,389 (1962). 
(11) V. Fishman and H. Goldenberg, Proc. SOC. Exp.  Bid.  Med., 110, 


(12) A. H. Beckett and S. Al-Sarraj, J .  Pharrn. Pharmacol., 25,335 
187 (1962). 


(197.7). . ~ -  - -, 
(13) M. H. Bickel and H. J .  Weder, Arch. Int. Pharmacodyn. “her., 


173,433 (1968). 
(14) M. H. Bickel and M. Baggiolini, Biochern. Pharmacol., 15,1155 


(15) P. L. Gignon and M. H. Bickel, ibid., 20,1921 (1971). 
(16) J. Christiansen and L. F. Gram, J .  Pharm. Pharmacol., 25,604 


(17) E. G. McQueen, Br. J .  Pharmacol., 36,29 (1969). 
(18) S. Szabo, P. Kourounakis, and H. Selye, Fed. Proc., 33, 532 


(19) J .  V. Dingell, F. Sulser, and J. R. Gillette, J .  Pharmacol. E z p .  


(20) E. Costa, S. Garattini, and L. Valzelli, Experientia, 10, 461 


(21) F. Sulser, J .  Watts, and B. B. Brodie, Fed. Proc., 20, 321 


(22) F. Sulser, J. Watts, and B. B. Brodie, Ann. N. Y. Acad. Sci., 96, 


(23) M. H. Bickel and B. B. Brodie, Int. J .  Neuropharrnacol., 3,611 


(1966). 


(1973). 


(1974). 


Ther., 143.14 (1964). 


(1960). 


( 1961). 


279 (1962). 


(1964). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 3,1976, from the Institut de Midecine et de Chirurgie 
Exptrimentales, Universite de Montrial, Montreal, Quebec H X  3J7, 
Canada. 


Accepted for publication December 21,1976. 
Supported in part by the Medical Research Council of Canada (Block 


Term Grant MT-I 829); the Ministere des Affaires Sociales, QuBbec, 
Canada; Succession J. A. DeShve; and the Colonial Research Institute, 
Freeport, Bahamas. 


The authors thank The Upjohn Co. for pregnenolone-16a-carbonitrile 
and Ciba-Geigy (Canada) Ltd. for the imipramine and desipramine. 


* Present address: Laboratory of Pharmaceutical Chemistry, De- 
partment of Pharmacy, University of Thessaloniki, Thessaloniki, 
Greece. 


T o  whom inquiries should be directed. 


1494 I Journal of Pharmaceutical Sciences 








Plant Anticancer Agents 111: Isolation of Indole and 
Bisindole Alkaloids from Tubernaernontanu holstii Roots 


DAVID G. I. KINGSTONx, BERNARD T. LI, and FLORIN IONESCU 


Abstract Certain active antileukemic and cytotoxic fractions prepared 
from Tubernuernontuna holstii roots were investigated, resulting in the 
isolation of the known indole alkaloids conoduramine, conodurine, co- 
ronaridine, gabunine, 19-oxocoronaridine, pericyclivine, perivine, and 
vobasine. Two new alkaloids were assigned the structures 19-oxocono- 
durine and 19-(2-oxopropyl)conodurine. Both gabunine and 19-(2-oxo- 
propy1)conodurine showed significant inhibitory activity against P-388 
cell culture. All of the alkaloids are reported for the first time from T. 
holstii; conodurine, conoduramine, gabunine, perivine, and pericyclivine 
are reported for the first time from any Tubernaernontana species. 


Keyphrases Alkaloids, indole-isolated from Tubernuernontuna 
holstii roots, cytotoxic activity evaluated 0 Tubernuernontuna holstii- 
root extract, various indole alkaloids isolated, cytotoxic activity evaluated 
0 Cytotoxic activity-evaluated in various indole alkaloids isolated from 
Tabernaernontana holstii roots 


A random screening of botanical sources for anticancer 
activity showed that the aqueous alcoholic extract of the 
roots of Tabernaemontana holstii K. Schum (family 
Apocynaceae) gave reproducible activity against the cell 
culture (KB) of a human carcinoma of the nasopharynx 
and also against P-388 lymphocytic leukemia in the mouse. 
Systematic fractionation of the extract led to the isolation 
of the known indole alkaloids conoduramine (I), conodu- 
rine (II), gabunine (111), coronaridine (VI), 19-oxocoro- 
naridine (VII), perivine (VIII), vobasine (IX), and peri- 
cyclivine (X). In addition, two new alkaloids were isolated, 
and their structures were determined as 19-oxoconodurine 
(IV) and 19-(%oxopropyl)conodurine (V). Both of these 
compounds, as well as VII, are probably artifacts formed 
during extraction and purification. Significant cytotoxicity 
in the P-388 cell culture system was shown by gabunine 
and 19-(2-oxopropyl)conodurine. No previous work on this 
plant species has been reported, although several other 
Tabernaemontana species have been investigated and 
contain many different indole alkaloids (1). 


EXPERIMENTAL' 
Plant Material-The air-dried roots2 of T. holstii K. Schum (Apo- 


cynaceae) were collected in Kenya during 1971. 


1 Melting points were determined in open capillary tubes or on microscope slides 
and are uncorrected. UV spectra were taken in ethanol on a Cary model 14 spec- 
trophotometer. IR spectra were measured in chloroform solution or as potassium 
bromide pellets uersus air with a Beckman model IR-20 spectropbotometer. Mass 
spectra were recorded at 70 ev using a Hitachi Perkin-Elmer RMU-7 mass spec- 
trometer, operated in the direct probe mode. NMR spectra were determined in 
deuterochloroform, containing tetramethylsilane as the internal standard, using 
a Jeol PS-100 spectrometer. All concentrations and evaporations were carried out 
with water pump vacuum at  less than 40°. 


Column chromatography was carried out on silica gel 60,0.063-0.200 mm (E. 
Merck), silica gel, 60-200 mesh (Baker), or Woelm alumina as indicated. Routine 
TLC was carried out using silica gel GF (Merck) plates, and visualization was by 
means of UV absorption and by the ceric ammonium sulfate reagent (2). The solvent 
systems used were: A, chloroform-methanol (95.5); and B, ethanol-ethyl acetate 
(1:4). Preparative thick-layer chromatography was carried out on silica gel P F ~ M  
(Merck) 1-mm layers, resolved components being detected by quenching under 
254-nm UV light. Appropriate zones were scraped from the plates, pure components 
were recovered from the removed zones by elution with methanol-chloroform, 
followed by filtration and removal of the solvent. High-performance liquid chro- 
matography (HPLC) was carried out on the apparatus previously described (3). 
using as packing materials Porasil C, Porasil E, or Bondapak C&orasil B, referred 
to in the text as C, E, and B, respectively. 


2 Voucher specimens are on deposit with Dr. R. E. Perdue, Jr., U. S. Department 
of Agriculture, Beltsville. Md. 


11: R, = CH,, R, = H, R, = H 
111: R, = H, R, = H, R, = H 
IV: R, = CH,, R, R, = 0 
V: R,  = CH,, R, = H, 


R, = CH,COCH, 


I 


dOOCH, 


VI: R, = H, R, = H, R, = H 
VII: R ,  = H, R,R, = 0 
XIV: R, = OCH,, R, = H, R, = CH,COCH, 


COOCHS 


VIII: R = H X 
IX: R = CH, 


COOCH, 


COOCH3 
XU1 


Extraction of Alkaloids-Plant material (4 kg) was extracted twice 
with 95% ethanol by stirring at  room temperature for 24 hr, followed by 
one extraction with ammoniacal ethanol a t  50° for 4 hr. The combined 
ethanol extract (A) (24 liters) was evaporated to 0.4 liter and treated with 
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0.5 liter of water, and this brown extract was extracted exhaustively with 
ethyl acetate in a separator and finally in a liquid-liquid extractor until 
an aliquot of the aqueous phase gave only a faint positive reaction with 
Mayer's reagent. 


A small quantity of material that formed a suspension in the ethyl 
acetate was filtered off and put aside, and the ethyl acetate was concen- 
trated to a volume of 1 liter. The concentrated ethyl acetate solution was 
then extracted six times with 50-ml portions of 5% sulfuric acid, followed 
by washing of the combined acid extracts with ethyl acetate. Neutral- 
ization of the acid with ammonia, followed by extraction with chloroform, 
yielded 17.6 g (0.44%) of crude tertiary bases after solvent evaporation 
(Extract B). The residual ethyl acetate after acid extraction was evapo- 
rated to yield a nonbasic extract (C). 


Chromatographic Separation of Crude Alkaloids on Alumina- 
The crude alkaloid mixture from two extractions (30 g) was transferred 
to 300 g of alumina (neutral, activity 111), and this material was added 
to the top of a 5-cm glass column containing 600 g of the same adsorbent. 
Elution with benzene (4.5 liters) yielded Fraction D (8.1 g), elution with 
chloroform (1.5 and 2.2 liters) yielded Fractions E (6.2) and F (8.1 g), and 
elution with methanol (1.2 and 7.3 liters) gave Fractions G (4.8 g) and H 
(4.0 9). 


Separation of Fraction D-Fraction D (7 g) was chromatographed 
in a 2.5-cm column on 250 g of silica gel, with elution by methanol-chlo- 
roform (298) and collection of 150-ml fractions. The material eluted in 
fractions 2-5 (3.5 g) was combined and rechromatographed on a similar 
column with elution by methanol-dichloromethane (1:99) (33 fractions 
of 30 ml) and methanol-dichloromethane (298) (33 fractions of 30 ml). 
Fractions 9-16 were combined to yield Fraction I (1.1 g), and fractions 
23-42 were combined to yield Fraction J (1.6 g). 


Isolation of Coronaridine (V1)-Fraction I was chromatographed 
in a 2.5-cm column on 100 g of silica gel, with elution by methanol-di- 
chloromethane (1:99) and collection of 30-ml fractions. Fractions 4 and 
5 were combined (390 mg) and treated with methanolic hydrogen chloride 
to yield 100 mg of colorless crystals, mp 221-224' [lit. (4) mp 232-233'1; 
[alp -8.7' (c 0.32 in methanol). The isolate was homogeneous by TLC 
and gave a blue color with the ceric ammonium sulfate reagent; it had an 
Rf value of 0.95 in Solvent System A. The UV absorption spectrum 
showed A,,, (ethanol) 225 (log 6 4.29), 286 (3.73), and 293 (3.67) nm. The 
IR, UV, and mass spectral data for the compound were identical with 
those published for coronaridine hydrochloride (5, 6), and the NMR 
spectrum was consistent with this structure assignment. 


Isolation of 19-Oxocoronaridine (VI1)-Fraction J was combined 
with similar material from another batch of Fraction D to yield 3.4 g of 
material, which was chromatographed on a 2.5-cm column packed with 
240 g of silica gel. Elution with dichloromethane (3.8 liters), followed by 
methanol-dichloromethane (0.5:99.5) (1 liter) and methanol-dichloro- 
methane (1:99) (3 liters), yielded a new component in the fraction eluted 
with from 2-2.5 liters of the last solvent (390 mg). 


Purification of this material by HPLC on Packing E [four 0.61 m X 0.94 
cm (four 2 ft X 0.37 in.)] with elution with methanol-dichloromethane 
(0.2599.75) yielded homogeneous material as the second peak eluted (100 
mg). The material did not crystallii but was homogeneous on HPLC and 
TLC. It gave a yellow color with ceric ammonium sulfate and had an Rf 
value of 0.9 in Solvent System A. Its W absorption spectrum showed A,, 
227 (log c 4.52), 285 (3.81), and 295 (3.86) nm; its IR spectrum showed 
strong bands at 1730 and 1660 cm-l. Its mass spectrum had major peaks 
at  mle 352 (541,214 (lo), 195 (20), 154 (30), 143 (lo), 138 (lo), and 124 
(100). Comparison of its IR, NMR, and mass spectra with those obtained 
for 19-oxocoronaridine, recently isolated from T. heyneana (7), showed 
them to be identical, and the compound was identified as 19-oxocoro- 
naridine. 


Separation of Fractions E and F-Alkaloid material corresponding 
to Fractions E and F (12 g) was chromatographed on a 5-cm column on 
600 g of silica gel with elution by methanol-chloroform (595). The ma- 
terial eluting between 1000 and 1860 ml was combined to yield Fraction 
K (3.7 g), and that eluting between 2900 and 3840 ml yielded Fraction 


Isolation of Conodurine (11)-Fraction K was chromatographed on 
a 2.5-cm column on 170 g of silica gel with elution by ethyl acetate-carbon 
tetrachloride-ethanol(504010). The resulting fractions were combined 
into five major fractions on the basis of TLC similarities. The most polar 
fraction (1.2 g) was chromatographed on a 5 X 75-cm column of silica gel 
and eluted with methanol4hloroform (3:97); 90-ml fractions were col- 
lected. The second fraction yielded crystalline material (40 mg) on 
evaporation of the solvent but was shown by TLC to consist of two 
components. Preparative TLC [methanol-chloroform (595), multiple 
development] gave pure material after crystallization from methanol, 


L (2.2 g). 


mp 210' dec. [lit. (8) mp 222-225'1. It had the same Rf values in Solvent 
Systems A (0.50) and B (0.56) as an authentic sample of conodurine (9) 
and gave the same yellow-green color with the ceric ammonium sulfate 
reagent. Its IR, UV, and mass spectra were identical with those of au- 
thentic conodurine. 


Isolation of Perivine (VII1)-Fraction L was chromatographed on 
a 2.5-cm column on 200 g of silica gel. Elution with ethyl acetate-carbon 
tetrachloride-ethanol(504O:lO) and collection of 30-ml fractions gave 
a major fluorescent product in fractions 16-28 (1.5 g). Combination of 
this material with similar material from another batch of extract, chro- 
matography of the combined material (2.4 g) on a 2.5-cm column on 200 
g of silica gel, elution with methanol-dichloromethane (8921, and col- 
lection of 30-ml fractions gave homogeneous material in fractions 14-17. 
Crystallization of this material from methanol yielded off-white crystals 
(150 mg), mp 179-180°, undepressed in admixture with an authentic 
sample of perivine (10). The IR and UV spectra of the isolate also were 
identical with those determined for the authentic sample. 


Separation of Fraction E-Fraction E (6 g) from a second batch of 
crude alkaloid was chromatographed on a 5-cm column on 240 g of silica 
gel 60. After elution with chloroform (10.7 liters), Fraction M (2.0 g) was 
eluted with methanol-chloroform (1:99) (2 liters) and Fraction N (1.3 
g) was eluted with a further 2.5 liters of the same solvent. A portion of 
Fraction M (1.75 g) was further chromatographed on a silica gel 60 col- 
umn, 4 X 25 cm, with elution by methanol-chloroform (k199) (2.1 liters), 
methanol-chloroform (1:99) (1.5 liters), methanol-chloroform (298) (1.7 
liters), and methanol-chloroform (595) (2.2 liters). Evaporation of the 
first 600 ml of the methanol-chloroform (2:98) eluate yielded Fraction 
0 (0.22 g), and evaporation of the final 1200 ml yielded Fraction P (0.45 


Isolation of Vobasine (1X)-Fraction 0 was purified by HPLC on 
Packing C, 1.8 cm X 1.83 m (0.75 in. X 6 ft), with elution by methanol- 
chloroform (1:99). The material giving rise to the second major UV ab- 
sorbing peak in this chromatogram was collected to yield 35 mg of ho- 
mogeneous alkaloid. This material did not crystallize but was shown to 
be homogeneous by analytical HPLC and TLC in Solvent Systems A and 
B. It gave a blue color with the ceric ammonium sulfate reagent, had an 
Rf value of 0.85 in Solvent System A, and cochromatographed with a 
sample of vobasine prepared from perivine (11) in Solvent Systems A and 
B. Its mass spectrum showed peaks at  m/e 352 (30), 293 (141,194 (5), 180 
( l o ) ,  and 122 (9); its UV spectrum showed peaks corresponding to those 
published (5) for vobasine. Its IR spectrum was identical with that 
published (5) for vobasine. 


Isolation of Ketonic Alkaloid V-Fraction P was subjected to HPLC 
on Packing C, 1.27 cm X 1.22 m (0.5 in. X 4 ft), with elution by metha- 
nol-chloroform (1:99) containing 0.1% ammonia. The major fraction was 
rechromatographed on Packing B, using methanol-water-concentrated 
ammonia (9055). Evaporation of the fourth fraction yielded a homo- 
geneous material, which was recrystallized from methanol to yield a new 
alkaloid (20 mg), mp 203-204'. The compound was homogeneous by 
TLC, having an Rf value of 0.85 in System A, and gave a yellow-green 
color with the ceric ammonium sulfate reagent. 


The UV spectrum of the isolate showed A,, (ethanol) 225 (log c 4.68), 
285 (4.08), and 295 (4.08) nm. An IR spectrum showed a strong absorption 
band at vmu 1730 cm-'. The mass spectrum showed principal ions at m/e 
774 (2), 760 (M+, 4), 704 (2), 703 (2), 702 (Z), 682 (4), 565 (5), 509 (4), 194 
(23), 192 (6). 182 (50), 181 (74), 180 (loo), 178 (8), 136 (32), 122 (96). and 
58 (100). 


The NMR spectrum showed a triplet a t  6 0.90 ppm (3H) and a doublet 
a t  d 1.82 ppm (3H). Five three-proton singlets were observed at  6 2.16, 
2.66,2.84,3.84, and 4.12 ppm, while signals in the aromatic region showed 
the presence of eight protons between 6 6.8 and 8.0 ppm. These signals 
could be assigned to six protons on the indole ring and two protons at- 
tached to nitrogen; one of the aromatic protons was clearly visible as a 
doublet at d 7.02 ppm. A two-proton multiplet was evident at 6 5.5 ppm, 
and additional signals were apparent in the 6 4.5-1.5-ppm range. 


Isolation of Pericyclivine (X)-Fraction N3 was purified by HPLC 
on Packing C to yield a pure fraction as described. On crystallization from 
methanol, the material had a melting point of 226-228' [lit. (11) mp 
226-228' or (12) 232-233'1, [alp +2.0' (c 0.40 in chloroform), and an Rf 
value of 0.60 in Solvent System A; it gave a gray-purple color with the 
ceric ammonium sulfate reagent. Its UV absorption spectrum showed 
A,, 226 (log c 4.29), 284 (3.65), and 292 (3.59) nm; its mass spectrum 
showed peaks at m/e 322 (20), 249 (20), 169 (100), and 168 (100). Finally, 
a comparison of the material with a sample of pericyclivine prepared from 
perivine (IR) showed that the two were identical. 


9). 


Previously designated F 176 (3). 
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Isolation of Conoduramine (I) and a New Amide (1V)-Material 
giving rise to the first major peak given by Fraction N on HPLC on 
Packing C (Fig. 1 of Ref. 3) (518 mg) was rechromatographed on Packing 
B [0.94 cm X 2.44 m (0.37 in. X 8 ft)] with elution by methanol-water- 
concentrated ammonia (W55). Collection of the two major fractions and 
rechromatography under the same conditions yielded homogeneous 
material from both fractions. 


The material from the first fraction (10 mg after crystallization from 
methanol) was identified as a new bisindole amide. It had a melting point 
of 217-218' and an Rf value of 0.70 in System A; it gave a yellow-blue 
color with ceric ammonium sulfate reagent. 


The UV spectrum of the isolate showed A,,, 224 (log c 4.60), 286 (4.16), 
and 295 (4.15) nm. An IR spectrum showed strong bands at vmax 1730 and 
1670 cm-I. The mass spectrum showed principal ions at  m/e 732 (5), 718 
(M+, lW), 687 (lo), 659 (lo), 523 (77), 492 (69), 194 (171,182 (57), 181 (76), 
180 (60), 150 (lo), 136 (121, and 122 (43). The NMR spectrum (in ace- 
tone-ds) showed a triplet a t  6 0.90 ppm (3H), a doublet at 1.68 ppm (3H), 
and four three-proton singlets at 6 2.60,2.68,3.66, and 3.99 ppm. Signals 
for two NH protons at  6 7.6 ppm and for six aromatic protons from 6 6.8 
to 7.4 ppm were visible, with a clear indication of an AB pattern at 6.90 
and 7.24 ppm (2H). A broadened two-proton peak at  6 4.30 ppm was 
clearly visible in addition to a multiplet a t  6 5.30 ppm (2H) and other 
peaks in the 4.0-1.5-ppm range. 


The second fraction was identified as conoduramine on the basis of 
the following evidence. The material was crystallized from methanol to 
give 20 mg of white crystals, mp 220' dec. [lit. (13) mp 215-218'1. The 
material had identical TLC behavior in Solvent Systems A and B (Rf  0.75 
and 0.44) as an authentic sample of conoduramine (9) and gave a blue 
color with the ceric ammonium sulfate reagent. Its UV spectrum showed 
A,,, 229 (log c 4.71), 286 (4.22), and 295 (4.20) nm; its IR spectrum was 
superimposable on that of authentic conoduramine (9). 


Isolation of Gabunine (111)-Material corresponding to Fractions 
E and F from a third extraction of plant material (13.8 g) was chroma- 
tographed on a 7-cm column on 740 g of silica gel 60. Elution with ben- 
zene-dichloromethane-ether (5:4:3) containing 1.5% methanol and col- 
lection of 30-ml fractions yielded 13 major combined fractions. Fraction 
8 (0.56 g), a combination of tubes 741-1040, was subjected to preparative 
thick-layer chromatography in benzene-dichloromethane-ether (5:43) 
containing 10% methanol to yield two alkaloids. The slower moving 
compound (75 mg) was identified as perivine, identical with the sample 
isolated previously. The faster moving compound (50 mg) was purified 
by preparative HPLC on a 10-pm octadecylsilyl silica gel packing with 
elution by methanol-0.1% ammonium carbonate (70:30). 


The compound was homogeneous by TLC and had an Rf value of 0.4 
in Solvent System A. Its NMR spectrum showed a triplet a t  6 0.85 ppm 
(3H), three methyl singlets at 6 2.54,3.70, and 3.98 ppm, and a three- 
proton doublet at 6 1.65 ppm. An aromatic proton signal at 6 6.8 ppm was 
visible as a doublet (J = 8.5 Hz), corresponding to the similar absorption 
in conodurine and its derivatives. The mass spectrum showed ions at m/e 
690 (M+, 6), 672 (28), 660 (30), 646 (29), 630 (lo), 614 (80), 226 (32), 208 
(9), 194 (30), 183 (70), 182 (26), 180 (271,166 (21), 136 (loo), 122 (65), and 
108 (21). The IR spectrum and TLC behavior of the material were iden- 
tical with those of an authentic sample of gabunine (9). 


Cytotoxic Activities-All isolated compounds were examined for 
activity against Eagles 9KB carcinoma of the nasopharynx or the P-388 
leukemia in cell culture4. 19-(2-Oxopropyl)conodurine and gabunine were 
active in the P-388 system (ED= 2.4 and 3.2 pglml, respectively). 


DISCUSSION 


19-Oxoconodurine (1V)-The mass spectrum of IV indicated clearly 
that the compound was a bisindole alkaloid consisting of a vobasan unit 
linked to a modified voacangine or isovoacangine moiety. Peaks at  m/e 
122 and 136 are characteristic of the iboga portion of such an alkaloid, 
while peaks at m/e 122,180,181, and 194 indicate the presence of avo- 
basan moiety (6). The molecular ion of the compound at m/e 718 [to- 
gether with the usual (M + 14)+' ion at m/e 7321 was 14 mass units higher 
than that of conodurine and similar bisindole alkaloids, suggesting the 
presence of an additional oxygen atom in the molecule. Placement of this 
atom as the carbonyl oxygen of an amide group was demanded by the IR 
spectrum of IV, which showed a strong amide absorption a t  1670 cm-l. 
In view of the known (14,15) ready oxidation at  the 19-position of the 
iboga skeleton, it seemed most likely that the new carbonyl group should 


Bioassays were performed by the A. D. Little Co., Cambridge, Mass., using es 
tablished protocols. 


XI: R = voacangine or isovoacangine 
XII: R = oxovoacangine or oxoisovoacangine 


be located at this position, leading to the assignment of Structure IV (or 
an isomer thereof) to the Dew alkaloid. 


Support for the placement of the additional oxygen atom on the iboga 
portion of the molecule came from further analysis of its mass spectrum. 
In bisindole alkaloids of the voacamine type, an abundant ion at mle 509 
was assigned Structure XI by Thomas and Biemann (16). In the spectrum 
of IV, this ion was replaced by an abundant ion at m/e 523, which is only 
explicable if this ion has Structure XI1 where the additional oxygen atom 
is retained in the isovoacangine or voacangine moiety. 


Finally, the NMR spectrum of the compound offered confirmation that 
its structure was indeed 19-oxoconodurine (IV). The spectrum showed 
all peaks characteristic of a molecule of the conodurine type, including 
signals for the six methyl groups (four singlets, one doublet, and one 
triplet) and signals for an aromatic AB system at 6.90 and 7.24 ppm. The 
presence of a conodurine system rather than the isomeric voacamidine 
system (XIII) was indicated by the fact that the downfield methoxy- 
carbonyl group absorbed at 3.66 ppm (3.62 ppm in deuterochloroform). 
similar to the 3.68 ppm observed for I1 and quite different from the 3.08 
ppm seen for XIII. Since it was unlikely that the presence of a carbonyl 
group in the 19-position could influence the chemical shift of the meth- 
oxycarbonyl group to this extent (VI and VII have nearly identical shifts 
for their methoxycarbonyl groups), this evidence indicated that the new 
alkaloid was related to I1 rather than XIII. The placement of the carbonyl 
group at  C-19 was indicated by the signal a t  4.30 ppm, which appeared 
to be a one-proton singlet superimposed on a broader one-proton signal. 
This pattern was noted in the spectrum of 19-oxovoacangine and assigned 
to the protons at  C-5 and C-2 (15). 


The ready oxidation of the iboga alkaloids at C-19 suggested that IV 
might well be an artifact of the isolation process. 
19-(2-Oxopropyl)conodurine (V)-The mass spectrum of the iso- 


lated compound indicated that it had a molecular weight 56 mass units 
higher than that of 11. Apart from the presence of peaks at m/e 703 (M 
- 57), 702 (M - 58), and 58, the remainder of the mass spectrum was very 
similar to that of I1 and its isomeric bisindole alkaloids. Thus, peaks at  
m/e 122 and 136 could be identified as deriving from an isovoacangine 
or modified isovoacangine moiety, while peaks at  m/e 122,180,181, and 
194 indicated the presence of a vobasan moiety (6). The peaks at m/e 702 
and 58 most reasonably arise by a McLafferty rearrangement involving 
a 2-oxopropyl group attached to the alkaloid at  some position (17). 


Confirmation of a 2-oxopropyl group in the compound was obtained 
from its NMR spectrum, which showed a sharp three-proton singlet at 
d 2.16 ppm, characteristic of a methyl group bonded to a carbonyl func- 
tion. In addition, a two-proton doublet a t  6 3.04 ppm could be assigned 
to the group CHCH2COCH3; the downfield shift of the signal was in ac- 
cord with similar shifts observed for protons alpha to carbonyl groups 
in other indole alkaloids (15). The remainder of the NMR spectrum was 
in accord with the assignment of a modified I1 structure to the compound. 
The methyl resonances in particular were characteristic for this structure, 
while the upfield portion of an AB quartet visible a t  8 7.02 ppm was evi- 
dence for a I1 rather than a I type of structure. The I1 structure was fa- 
vored over the isomeric XI11 structure on the same grounds as discussed 
for VII; the downfield methoxycarbonyl group absorbed at 6 3.84 ppm 
in V. 


The remaining question in the assignment of a structure to the com- 
pound concerned position of attachment of the 2-oxopropyl group to the 
molecule. The observation of two weak peaks in the mass spectrum of 
the compound at  m/e 178 (122 + 56) and 192 (136 + 56) suggested that 
the 2-oxopropyl unit was linked to the isovoacangine portion of the 
molecule, since ions with m/e 122 and 136 are characteristic of the iboga 
skeleton represented by isovoacangine. The chemical shift of the meth- 
ylene protons of the 2-oxopropyl unit is only consistent with a linkage 
of this unit to the isovoacangine moiety at position 7 or 19, and the latter 
position is favored on the grounds that oxidation of the iboga system 
occurs much more readily a t  position 19 than at  position 7. 


In confirmation of the proposed structure, a recent paper5 described 
the properties of 19-(2-oxopropyl)isovoacangine (XIV) (18). This com- 
pound was isolated from a crude alkaloid mixture which also contained 


5 Published after the conclusions above were reached independently. 
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19-hydroxyisovoacangine, and it probably was formed by reaction be- 
tween acetone and the latter alkaloid. The spectral properties of XIV were 
consistent with those of V. In particular, XIV showed peaks at  m/e 192, 
136, and 122 in its mass spectrum, as did V, and both compounds also 
showed strong peaks in their IR spectra a t  about 1720 cm-I for the ester 
and ketonic carbonyl absorptions. It is concluded, therefore, that the new 
ketonic alkaloid possesses Structure V, in which the stereochemistry at  
C-19 is unknown. It is likely that this alkaloid also was formed as an ar- 
tifact by reaction of 19-hydroxyconcdurine with traces of acetone present 
in the methanol during extraction or chromatography. 
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Physiologically Based Pharmacokinetic Model for 
Digoxin Distribution and Elimination in the Rat 


LESTER I. HARRISON * and MILO GIBALDI 


~~ ~ ~ ~~ ~ ~ 


Abstract 0 A plasma flow rate-limited pharmacokinetic model was 
developed to describe the distribution of digoxin to  the heart, liver, 
kidneys, skeletal muscle, and GI tract in the rat. The model also provides 
for renal, hepatic (metabolic and biliary), and GI clearance as well as for 
biliary and GI secretion and GI reabsorption of digoxin. Predicted con- 
centrations of digoxin in the heart, liver, skeletal muscle, and plasma were 
consistent with experimental observations in conscious rats after an in- 
travenous dose. The model was extended to describe digoxin concen- 
trations in the plasma of bile duct-ligated rats and ureter-ligated rats, 
simpl; by modifying appropriate clearance parameters. Excellent 
agreement was obtained between predicted and observed urinary ex- 
cretion rates of digoxin for 12 hr after an intravenous dose to normal and 
bile duct-ligated rats. 


Keyphrases Digoxin-pharmacokinetic model for distribution and 
elimination, effect of ligation of bile duct or ureter, rats 0 Pharmacoki- 
neticsdigoxin, model for distribution and elimination, effect of ligation 
of bile duct or ureter, rats 0 Distribution, tissue-digoxin, pharmaco- 
kinetic model, effect of ligation of bile duct or ureter, rats D Elimina- 
tion-digoxin, pharmacokinetic model, effect of ligation of bile duct or 
ureter, rats 0 Cardiotonic agents-digoxin, pharmacokinetic model for 
distribution and elimination, effect of ligation of bile duct or ureter, 
rats 


Compartment models to describe the pharmacokinetics 
of drug disposition are usually developed by curve fitting 
plasma concentration data with multiexponential equa- 


tions. Due to the limitations of this approach, usually no 
representation more complex than a two-compartment 
open model is justified to describe the time course of drug 
concentrations in plasma. In almost all instances, com- 
partment volumes and transfer constants have no ana- 
tomical or physiological reality. Moreover, these models 
are very species dependent. Although classical phar- 
macokinetic models have many clinical applications, the 
amount of basic information they provide is intrinsically 
limited. 


In recent years, there has been considerable interest in 
the development of anatomically and physiologically re- 
alistic pharmacokinetic models for drug disposition based 
on organ blood or plasma flows and volumes (1). In prin- 
ciple, these models permit the prediction of drug concen- 
trations in any target tissue at  any time and may provide 
considerable insight to drug dynamics. Furthermore, drug 
distribution in certain pathophysiologic conditions may 
be simulated by altering estimates of organ blood flow (2, 
3). Perhaps most important, physiologically based models 
can be scaled to apply to several species (4). Thus, the large 
data base required to develop a physiological phar- 
macokinetic model may be collected in a laboratory animal 
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Interrelation between Two Anticomplement Cobra Venom 
Factors Isolated from Crude Naja naja Cobra Venom 


BRIAN J. JOHNSON and UMBERTO N. KUCICH * 


Abstract Two moieties occurring in crude Naja naja cobra venom 
were found to possess anticomplement activity. Both materials possessed 
similar molecular weights and specific activities but dissimilar elution 
profiles upon ion-exchange chromatography. The anticomplement ac- 
tivities of these materials were maintained upon digestion with neu- 
raminidase, and their elution profiles from cation-exchange chroma- 
tography became identical after this treatment. It was concluded that 
the differences between the two anticomplement materials were due to 
their different sialic acid contents. 


Keyphrases Cobra venom-two anticomplement factors isolated by 
ion-exchange chromatography, effect of neuraminidase digestion 
Ion-exchange chromatography-isolation, two anticomplement factors 
from cobra venom 0 Anticomplement activity-two factors isolated by 
ion-exchange chromatography from cobra venom, effect of neuraminidase 
digestion 


Purified cobra venom factor is probably the single most 
valuable substance for lowering complement levels in uiuo. 
The mechanism of action of cobra venom factor uia one 
pathway was described previously (1). When the factor is 
administered in small doses to minimize the lysis of red 
blood cells, complement activity is depressed; this de- 
pression can be maintained for 3-4 days (1). However, an 
antibody eventually develops against the cobra venom 
factor, inhibiting its anticomplement activity. 


The possible clinical usefulness of cobra venom factor 
in reducing the amount of infarcted tissue following cor- 
onary occlusion was reported previously (2). In experi- 
mental animals, the myocardium that can be salvaged is 
substantial, and the treatment may be started a number 
of hours following the occlusion and still be effective. Since 
acute myocardial infarction constitutes the most common 
cause of death in this country, any procedure that can 
salvage substantial quantities of the patient's myocardium 
after the patient's arrival a t  the hospital should be inves- 
tigated. Animal studies showed that cobra venom factor 
diminishes the inflammatory response following ischemic 
damage and thus reduces the size of myocardial infarcts 
after coronary occlusion (3, 4). These conclusions were 


reached using various electrophysiological, biochemical, 
histological, histochemical, and electron microscope 
techniques. 


During an investigation on the purification of cobra 
venom factor from crude Naja naja cobra venom, two 
anticomplement factors were obtained. This report con- 
cerns the identification of these materials and their in- 
terrelationship. 


EXPERIMENTAL 


All buffers were prepared from reagent grade materials according to 
American Chemical Society standards. Gel filtration media were equil- 
ibrated with starting buffer for 2 days or heated to 80" for 6 hr prior to 
column preparation. All absorbance measurements were made a t  280 nm. 
Freshly drawn human blood was allowed to clot, and the resulting serum 
served as the complement source. 


Anticomplement Activity-Qualitative Assay-The assay was based 
on previously reported methods (5-7). For scanning column runs, sen- 
sitized sheep erythrocytes, EA (8), were labeled by incubation with 
51Cr-labeled sodium chromate in barbital buffer, pH 7.4 (50 pCi/l X 
109 cells), at 37O for 45 min with constant agitation. The cells were washed 
(5 X 10 ml of barbital buffer at 4"), resuspended in byffer, and then 
standardized to a concentration of 1 X lo9 cells/ml. 


T o  a series of wells in a microtiter test plate was added 20 fi1 of human 
complement, C. T o  each well was added 20 p1 of cobra venom factor or 
column sample, and the plate was incubated a t  37" for 1 hr. Another 100 
p1 of buffer was added to each well, followed by 20 pl of the 51Cr-primed 
sensitized sheep erythrocytes, EA, with constant agitation. The samples 
were incubated a t  37' for 1 hr and centrifuged, and aliquots of 50 p1 were 
removed from each well. 


The amount of lysis was obtained by measuring the amount of 51Cr- 
label released with a y-counter. Controls consisting of sensitized cells 
alone, sensitized cells plus complement, and cells plus water were run 
concurrently with the described assay. The percentage of inhibition (I) 
of lysis was calculated from: 


%I = 100 [ 1 


1 cpm released by EA, sample, and C - cpm released by EA alone 
cpm released by EA and C - cpm released by EA alone 


- 


0%. 1) 
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Figure 1-Carboxymethylcelfulose cation-exchange chromatography 
of dialyzed crude N. naja cobra venom. Key: -, optical density; - - - , 
anticomplement activity; and - - -, sodium chloride gradient (0.0 - 
0.2 - 0.5 M). 


Quantitatioe Assay-The method was essentially the same as the 
qualitative one, except that serial dilutions of the anticomplement 
samples were assayed. To a series of wells in a microtiter plate was added 
20 pl of human complement, to each of these was added the serially di- 
luted sample, and the plate was incubated at  37" for 1 hr. Each well was 
diluted with 100 p1 of buffer, and the microtiter plate was agitated during 
these additions. After incubation at 37O for 1 hr, the samples were cen- 
trifuged, aliquots of 50 pl were removed from each well, and the amount 
of lysis was ascertained by the Wr-label released. Identical controls to 
those described were run concurrently. 


The percentage of inhibition of lysis was calculated from Eq. 1 and was 
plotted against the dilution of the complement-consuming material. The 
dilution of material that produced 50% inhibition of lysis was considered 
equal to the number of cobra venom factor units in the original 2 0 4  al- 
iquot of material. By this means, comparison could be made of the pu- 
rification and activity of the various complement-consuming materi- 
als. 


Isolation of Cobra Venom Factor-Carboxymethylcellulose 
Chromatography-One gram of lyophilized cobra venom1 was suspended 
in 15 ml of 0.05 M sodium acetate buffer, pH 5.5, containing 0.0% sodium 
azide and then dialyzed overnight against two changes of 1 liter each of 
the same buffer. A column (1.5 X 25.0 cm) of CM-52 carboxymethylcel- 
lulose2 was equilibrated with 0.05 M sodium acetate buffer, pH 5.5. The 
crude dialyzed cobra venom mixture, typically containing 560-760 ab- 
sorbance units, was applied to the column; elution was performed using 
0.05 M sodium acetate, pH 5.5. 


When no further material was eluted from the column, as shown by 
absorbance measurements, a sodium chloride gradient was applied. The 
flow rate of the column was 20 mlhr, and 4-ml fractions were collected. 
Each tube was assayed for anticomplement activity. The elution profile 
and the peaks of activity, I and 11, are shown in Fig. 1. 


Gel Filtration Chromatography-Lyophilized peak 11, obtained from 
carboxymethylcellulose chromatography, was suspended in 3.5 ml of 
0.015 M tris(hydroxymethy1)aminomethane-0.15 M sodium chloride 
buffer, pH 8.5, containing 0.02% sodium azide. This sample, containing 
28 absorbance units, was applied to a column (1.5 X 85 cm) of Sephadex 
(2-200 equilibrated in the same buffer. 


The flow rate was adjusted to 15 ml/hr, and 2.5-ml fractions were col- 
lected. Three well-defined protein peaks were obtained (Fig. 2A). The 
major peak, containing all of the anticomplement activity eluted, pos- 
sessed a molecular weight slightly less than 150,000, as shown by using 
human IgGl as a molecular weight marker. The fraction containing the 
biological activity was pooled and then lyophilized. 


Peak I, obtained from carboxymethylcellulose chromatography was 
treated in an identical manner as peak 11. The elution and anticomple- 
ment activity profiles are shown in Fig. 2B. 


Diethylaminoethylcellulose Chromatography-One gram of lyoph- 
ilized cobra venom was suspended in 10.6 ml of 0.05 M barbital sodium 
buffer, pH 8.6, containing 0.05% sodium azide. This solution, containing 
967 absorbance units, was filtered through a filtration membrane3,l X 
lo5 mol. wt. exclusion limit, and washed thoroughly with 0.05 M barbital 
sodium buffer, pH 8.6. The solution was then concentrated to 15.5 ml, 
and it possessed 688 absorbance units. 


The material was charged on a column (2.5 X 40 cm) of DE-52 di- 


Ross Allen Reptile Farm, Silver Springs, Fla. 


Diaflo. 
* Whatman, Maidstone, Kent, England. 


948 I Journal of Pharmaceutical Sciences 


1 10 20 30 40 50 ' 
TUBE NUMBER 


E 0.4 1 


B I  2 0.3 


80 I . ;  


10 20 30 40 50 I 


TUBE NUMBER 


Figure 2-Sephadex G-200 chromatography of peaks I and II obtained 
from cation-exchange chromatography (Fig. 1).  Figure 2A corresponds 
to peak I and Fig. 2B to peak I I .  The molecular weight marker, human 
IgGl, is indicated by an arrow. Key: -, optical density; and - - - , an- 
ticomplement activity, 


ethylaminoethylcellulose2 equilibrated with 0.05 M barbital sodium 
buffer, pH 8.6. The flow rate of the column was 35 mlhr, and 5-ml frac- 
tions were collected. After the initial protein was eluted from the column, 
a sodium chloride gradient was applied. The elution and anticomplement 
activity profiles are shown in Fig. 3. 


Neuraminidase Digestion A-In separate but concurrent experi- 
ments, 4.2 ml of anticomplement active peak I, 5.46 absorbance units, 
and 4.4 ml of anticomplement active peak 11,2.66 absorbance units, ob- 
tained from the procedure described under Carboxyniethylcellulose 
Chromatography were digested with insolubilized neuraminidase. To 
each sample in 0.05 M sodium acetate-0.02% sodium azide, pH 5.5, was 
added 1.7 units of insolubilized neuraminidase. Each mixture was incu- 
bated at 37" for 1 hr with shaking. At the end of the digestion, the solu- 
tions were cleared by centrifugation and the supernates were removed 
by decantation. Control samples of peaks I and I1 were treated identically 
except that buffer was substituted for neuraminidase. 


Quantitative anticomplement assays of each peak after neuraminidase 
treatment and its appropriate control were performed. Peak I possessed 
680 cobra venom factor units per absorbance unit without neuraminidase 
digestion and MO after digestion. Peak I1 possessed 695 cobra venom 
factor units per absorbance unit without neuraminidase digestion and 
642 after digestion. A further control to investigate the activity of the 
insolubilized neuraminidase was also performed. To 0.4 ml of a 4% so- 
lution of bovine mucin in 0.05 M sodium acetate-0.02% sodium azide 
buffer, pH 5.5, was added 1.7 units of insolubilized neuraminidase. The 
digestion was conducted for 1 hr a t  37' with mixing and was arrested by 
removal of the insolubilized enzyme by centrifugation. The presence of 
sialic acid was determined using 2-thiobarbituric acid as reported by 
Warren (9) and modified by Aminoff (10). 
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Figure 3-Diethylaminoethylcellulose anion chromatography of crude 
N. naja cobra venom. Key: -, optical density; - - - , anticomplement 
activity; and - . -, sodium chloride gradient (0.0 - 0.25 M). 


Neuraminidase Digestion B-Peaks I and I1 obtained from the 
carboxymethylcellulose ion-exchange chromatography were combined. 
The solution was concentrated using a filtration membrane3, 30,000 mol. 
wt. exclusion limit, and then was dialyzed overnight against 1000 ml of 
0.05 M sodium acetate-0.05% sodium azide buffer, pH 5.5. The solution 
was centrifuged to give 13.5 ml containing 13.5 absorbance units of ma- 
terial. This material was incubated with 3.4 units of previously calibrated 
insolubilized neuraminidase for 1 hr at  37' with agitation. 


After this digestion period, the enzyme was removed by centrifugation. 
The supernate, 14.0 ml, 10.4 absorbance units, was chromatographed on 
a column (2.0 X 37.5 cm) of CM-52 carboxymethylcellulose. The flow rate 
of the column was 40 ml/hr, and 5.5-ml fractions were collected. Each 
fraction was assayed for anticomplement activity. Only one peak of an- 
ticomplement activity was detected, and it eluted from the column in an 
identical position to that of peak I1 before neuraminidase digestion. 


RESULTS AND DISCUSSION 


The complement fixation assays utilized the quantitation of 51Cr- 
release by the action of complement on sensitized erythrocytes (57).  The 
anticomplement activity of a pertinent sample was ascertained by its prior 
incubation with human serum and then quantitation of the unconsumed 
complement (8). 


Dialysis of crude N. naja venom usually removed up to 25% of the 
available optical density. Chromatography of the dialyzed cobra venom 
through a carboxymethylcellulose column gave two peaks, I and I1 (Fig. 
l ) ,  of anticomplement activity. Similarly, chromatography of crude N. 
naja cobra venom on diethylaminoethylcellulose gave two peaks of an- 
ticomplement activity. Other investigators reported the presence of only 
a single material with anticomplement activity (11,12), mol. wt. 144,000 
(12). 


Each anticomplement material from cation-exchange chromatography 
(Fig. 1) was subjected to gel filtration chromatography on Sephadex 


G-200. Both materials eluted in identical positions (Fig. 2), and both had 
apparent molecular weights of slightly under 150,000. Furthermore, the 
specific anticomplement activities of each peak were very similar. The 
interrelationship between peaks I and I1 (Fig. 1) was shown using neu- 
raminidase digestion. 


In separate experiments, peaks I and I1 were digested with insolubilized 
neuraminidase (Digestion A); within experimental error, there was no 
change in the specific activity of either peak. In another experiment 
(Digestion B), fresh samples of peaks I and I1 were combined and then 
treated with insolubilized neuraminidase. Only one peak of anticom- 
plement activity was detected when this digest was subjected to cation- 
exchange chromatography. 


Neuraminidase cleaves sialic acid (N-acetyl- and 0-acetylneuraminic 
acids) from suitable substrates. However, sterically hindered sialic acids 
are resistant (13). Neuraminidase did not cause either cobra venom fador 
I or I1 to lose anticomplement activity. However, it did change the elution 
profile of peak I on cation-exchange chromatography such that it eluted 
in an identical position to that of peak 11. These results indicate that these 
anticomplement materials, peaks I and 11, probably differ in their sialic 
acid compositions. 
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not contain an ester group or any other group that may react with the 
hydroxylamine reagent. 


Therefore, the method is rather specific and is preferably used in the 
analysis of aconitine in aconite preparations that generally contain 
benzoylaconine and aconine. The method showed good recovery (99.8%) 
and a reasonable standard deviation (10.8%) (Table 11). 
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Synthesis and Antituberculosis Activity of 
Thiocarboxamide Derivatives of Schiff Bases 


VICTOR ISRAEL COHEN *x, NOEL RIST $, and 
CHRISTIANE DUPONCHEL 


Abstract 0 Synthesis of some N-(4-thiocarboxamidobenzylidene)ar- 
ylamines and N-(substituted benzy1idene)-p-thiocarboxamidoanilines 
from various arylaldehydes and arylamines is described. Fourteen rep- 
resentative compounds were tested in uitro on the ground H3,RV. 


Keyphrases Thiocarboxamides, various-synthesized, screened for 
antituberculosis activity 0 Antituberculosis activity-screened in various 
thiocarboxamide derivatives 0 Structure-activity relationships-various 
thiocarboxamide derivatives screened for antituberculosis activity 


In a search for antituberculosis agents (1-3), some 
thiocarboxamide derivatives of Schiff bases of series I and 
I1 were prepared from various arylaldehydes and aryl- 
amines and studied for biological activity. 


EXPERIMENTAL’ 


An attempt was made to prepare Schiff bases of series I through the 
thiolysis of corresponding nitriles (111) in anhydrous medium, but the 
reaction took an unusual path, yielding disulfide IV (4) (Scheme I). 
Consequently, the following route was established to  synthesize the 
compounds: preparation of the key intermediate, p-thiocarboxamido- 
benzaldehyde, from p-cyanobenzylidene acetate, followed by conden- 
sation of the key intermediate with amines. 


Schiff bases of series I1 were obtained by heating p -thiocarboxami- 
doaniline with aromatic aldehydes. 


Fourteen representative compounds were tested in uitro on the ground 
H37RV. None showed significant antituberculosis activity against either 
0.01 or 0.05 mg of the bacillus a t  40 gg/ml. 


p-Cyanobenzylidene Acetate (V)-Compound V was obtained by 
the method of Lieberman and Connor (5). The crude product was crys- 
tallized from alcohol and obtained in 73% yield, mp 100’. 


Melting points were measured on a Kofler hot-bench apparatus. A Beckman 
IR-20A spectrophotometer was used for IR spectra, which were run in potassium 
bromide. Microanalyses were performed by Service Central de Microanalyse, 94- 
Thias, France. 


Ia: R = C  H, 
Ib: R = p k  H4 
Ic: R = p C 1 6  H, 
Id: R = C,H d H  
Ie: R = p-cfi,c,k, 
Ig: R = p - C  OC,H 
Ih: R = p-CbdH,C,& 


If: R = p C H  OC,H, 


IIa: X =  Y =  H 
Ilb:  X =  CH , Y = H 
IIc: X = C1, k = H 
IId : X = CH 0, Y = H 


IIf: X = H, 9 = NO 
IIg: X = S=CNH,, k = H 


IIe: x = (cd ) 2 ~ ,  Y = H 


p-Thiocarboxamidobenzylidene Acetate (V1)-Compound V (23.3 
g, 0.1 mole) was dissolved in anhydrous pyridine (120 ml), and 20 ml of 
triethylamine was added. Dry hydrogen sulfide was passed through the 
solution for 4 hr. The reaction mixture was left a t  room temperature for 
5 hr and was then poured into cold water and extracted with ether. The 
ether solution was treated with dilute hydrochloric acid, washed with 
water, dried over anhydrous sodium sulfate, and evaporated to dryness. 
The residue, which was either solid or oily, was suitable for the next step. 
Recrystallization from methyl ethyl ketone gave yellow crystals in 70% 
yield, mp 220’. 


Anal.-calc. for C12H13NOlS: C, 53.94; H, 4.87; N, 5.24; S, 11.99. 
Found: C, 53.55; H, 4.90; N, 5.40; S, 12.34. 


p-Thiocarboxamidobenzaldehyde (VI1)-Hydrdlysis of VI was 
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Table I-Physical Properties of N-(4-Thiocarboxamidobenzylidene)arylaminee (Ia-Ih) and N-(Substituted Benzy1idene)-p- 
thiocarboxarnidoanilinee (Ira-IIA 


Recrystallization Melting Analysis, % 
Compound Yield, % Solvent Point C=N, cm-l C-H, cm-' Formula Calc. Found 


Ia 


Ib 


Ic 


Id 


Ie 


If 


Ig 


Ih 


IIa 


IIb 


IIC 


IId 


IIe 


IIf 


"g 


80 


75 


80 


85 


75 


80 


75 


80 


83 


80 


75 


85 


65 


80 


85 


1-Butanol 


Xylene 


Ethanol 


Xylene 


Xylene 


Xylene 


Methyl phenyl ether 


Benzyl alcohol 


Ethanol 


Xylene 


Ethanol 


Ethanol 


1-Butanol 


Propanol 


Pyridine-ether 


205' 


239' 


210' 


161' 


210' 


214' 


216" 


299' 


191' 


205' 


217' 


202' 


276' 


181' 


270' 


1620 


1610 


1622 


1640 


1620 


1622 


1610 


1605 


1608 


1618 


1624 


1623 


1615 


1625 


1612 


3150 


3120 


3150 


3 150 


3140 


3150 


3110 


3130 


3110 


3152 


3150 


3150 


3123 


3185 


3130 


C 70.00 
H 4.99 
N 11.65 
S 13.34 
C 45.92 
H 3.00 
N 7.64 
S 8.74 
C 61.44 
H 4.01 
N 10.23 
S 11.71 
C 70.86 
H 5.50 
N 11.01 
S 12.61 
C 70.86 
H 5.50 
N 11.01 
S 12.61 
C 66.67 
H 5.18 
N 10.36 
S 11.86 
C 67.61 
H 5.62 
N 9.85 
S 11.28 
C 63.61 
H 4.59 
S N 14.83 11.32 


C 70.00 
H 4.99 
N 11.65 
S 13.34 
C 70.86 
H 5.50 
N 11.01 
S 12.61 
C 61.44 
H 4.01 
N 10.23 
S 11.79 
C 66.67 
H 5.18 
N 10.36 
S 11.86 
C 67.84 
H 6.00 
N 14.52 
S 11.32 
C 58.55 
H 3.85 
N 14.72 
S 11.14 
C 60.19 
H 4.34 


69.86 
4.90 


11.40 
13.35 
46.02 


3.10 
7.53 
8.85 


61.35 
4.08 


10.28 
11.59 
70.94 
5.60 


10.82 
12.81 
70.98 
5.54 


10.98 
12,63 
66.48 
5.34 


10.08 
12.12 
67.32 
5.52 
9.66 


10.98 
63.47 
4.66 


14.57 
11.15 
69.70 


5.23 
11.43 
13.30 
70.94 
5.60 


11.18 
12.53 
61.16 
4.16 


10.10 
11.44 
66.46 
5.27 


10.51 
11.92 
67.61 
6.12 


14.57 
11.05 
58.99 
4.06 


14.62 
11.40 
60.01 
4.35 


N 14.03 14.10 
S 21.42 21.50 


accomplished according to a previous method (5). A mixture of 53.5 g (0.2 
mole) of VI, 125 ml of ethanol, 125 ml of wabr, and 10 ml of concentrated 
sulfuric acid was heated to reflux for 30 min and then filtered. Water was 


RN=CH-@CN - + I  


I11 


\ 


Iv 
Scheme I 


added to the filtrate until the crystals of VII appeared. After 1 night, the 
solid was filtered off. The analytical sample was crystallized from xylene 
to yield 22.5 g (68%) of product, mp 158'. 


Anal.-Calc. for CsHyNOS: C, 58.18; H, 4.24; N, 8.48; S, 19.41. Found 
C, 58.35; H, 4.28; N, 8.21; S, 19.68. 
p-Thiocarboxamidoaniline (VII1)-Hydrogen sulfide was passed 


through a solution of p-cyanoaniline in pyridine and triethylamine 
(6). 
N-(4-ThiocarboxarnidobenzyIidene)-p-iodoaniline (1b)-To a 


solution of 2.2 g (0.01 mole) of p-iodoaniline in 15 ml of ethanol were 
added 1.65 g (0.01 mole) of VII and 3 drops of acetic acid. The mixture 
was refluxed for 10 min. The precipitated crystals were collected by fil- 
tration and recrystallized from xylene to give 2.8 g (76%) of pure prod- 
uct. 


Compounds Ia, Ic-Ih, and IIa-IIg were prepared similarly (Table 
1). 
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TLC Determination of Iodochlorhydroxyquin and Its 
Conjugate in Plasma 


P. DEL SOLDATO 


Abstract A simple, specific, reliable, and sensitive method for the 
determination of iodochlorhydroxyquin and/or its conjugate in biological 
fluids is described. The method is based on a quantitative ether-acetone 
(1:l) extraction of plasma samples followed by TLC separation, visual- 
ization, elution, and determination at  267 nm. Iodochlorhydroxyquin 
released by hydrolysis of its conjugate was analyzed. Both compounds 
are detectable in amounts as low as 0.04 pg/ml. Application of the one- 
compartment open model to the data (assuming the biotransformation 
of the drug in conjugated form) provides a pharmacokinetic profile for 
the 50-mg/kg dose of iodochlorhydroxyquin in Wistar male rats. 


Keyphrases Iodochlorhydroxyquin-and conjugate, TLC analysis, 
biological fluids TLC-analysis, iodochlorhydroxyquin and conjugate, 
biological fluids Antiamebic agents-iodochlorhydroxyquin, TLC 
analysis, biological fluids 


Iodochlorhydroxyquin (I) has been widely used for over 
30 years to treat various intestinal and vaginal infections. 
In view of debatable evidence of its neurotoxicity (1,2), it 
is surprising that a method for the determination of I 
and/or its conjugate (11) in blood is not available. This 
paper describes a fast and simple TLC procedure for the 
detection of I and I1 in biological fluids and its use in 
pharmacokinetic studies. 


EXPERIMENTAL 


Reagents and  Materials-Compound I was used as received1. All 
solvents were analytical reagent grade2, and the developing solvent [l- 
butanol-acetone-diethylamine-water (3020430)) was prepared fresh 
daily. Silica gel plates, 250 pm thick, were activated at  105O for 1 hr3. 


Instrumentation-A 250-nm UV lamp4, grating spectrophotometel5, 
and I-cm quartz microcells6 were used. 


Standard Preparation-Compound I was dissolved in acetone or 3 
N HCI. Aliquots equivalent to 1, 2, 4, and 6 pg were placed in glass- 
stoppered centrifuge tubes and evaporated to dryness under a gentle 
stream of nitrogen. Plasma, 1 ml, from untreated rats was added to each 
tube and mixed well. These standards and the appropriate blanks were 
handled in the same manner as described for the plasma specimens. 


Sample Preparation-One volume (1-5 ml) of plasma from treated 
animals and five volumes of 0.1 N NaOH were introduced into a 100-ml 


Gianni, Milan, Italy. 
2 Merck. 


Merck 60 F264. 
Mineral Light UVS 11. 
Beckman DBG. 


separator. Compound I was extracted with two 10-volume portions of 
ether-acetone (1:l v/v). 


Free I-The ether-acetone extracts were pooled, washed with five 
volumes of 0.1 N NaOH and five volumes of water, dried with sodium 
sulfate, and flash evaporated to about 5 ml. This final amount as well as 
the ether-acetone washes was transferred to a glass-stoppered centrifuge 
tube and evaporated to dryness under a gentle stream of nitrogen. The 
standards and the appropriate blanks were handled in a similar man- 
ner. 


Compound 11-The water phase was heated with one volume of 8 N 
HCl in a boiling water bath for 40 min, and three volumes of 3 N NaOH 
were added to the mixture. After the mixture was cooled a t  room tem- 
perature, I was released by hydrolysis and treated as described under Free 
1. 


TLC-Each sample was taken up in 0.1 ml of acetone. Aliquots of 0.09 
ml were spotted 2 cm from the edge of the chromatographic plate. Ali- 
quots equivalent to 1.1,2.2,4.4, and 6.6 pg of I standard acetone solution 
were also spotted on the plate. 


The chromatograms were developed in an ascending system of 1- 
hutanol-acetone-diethylamine-water (30:204:30) in a saturated atmo- 
sphere. After 90 min, the solvent front was marked and the plates were 
dried a t  room temperature. Spots of I, visualized by exposure to UV light, 
were scraped into glass-stoppered centrifuge tubes, eluted with 0.6 ml 
of 3 N HCl, and shaken every 15 min for 45 min. A similar spotless area 
(blank) was scraped off and subjected to  an identical procedure. 


The test tubes were then centrifuged a t  4000 rpm for 10 min, and the 
relative absorbance of the supernates was measured at  267 nm against 
a blank. 


Calculations-Calibration curves were prepared by plotting ab- 
sorbance a t  267 nm against a known concentration of I in either plasma 
or 3 N HCl. Values for the unknown concentration of I in plasma speci- 
mens were calculated from the slope of the standard curve. 


Drug  Administration to  Rats-Male albino Wistar rats, 200-250 g, 
were divided into eight groups of three animals each. Compound I was 
suspended in an aqueous vehicle consisting of 0.9% sodium chloride, 0.4% 
polysorhate 80, 0.5% carboxymethylcellulose sodium, and 0.9% benzyl 
alcohol and administered by gavage at  a dose of 50 mg/kg in a constant 
volume of 5 ml/kg. Blood samples were obtained by cardiac puncture by 
means of a heparinized syringe at  time intervals ranging from 30 rnin up 
to 24 hr after drug administration. Plasma samples were obtained by 
centrifugation a t  2000 rpm for approximately 10 min. 


Application to Pharmacokinetic Analysis-Experimental data were 
fitted by the method of least squares (3) applied to each exponential 
segment of the blood level-time curve. The extent of biotransformation 
of I to I1 was measured by employing a one-compartment open model 
with extravascular drug administration. The blood concentration-time 
curve of I after oral administration of 50 mg/kg in male rats is represented 
by the following biexponential equation: 


Hellrna 108/2 QS.  (Eq. 1) 
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Enteric-Coated Pellets: Theoretical Analysis of 
Effect of Dispersion in the Stomach on 
Blood Level Profiles 


MICHAEL J. STORY 


Abstract 0 The advantages of encapsulated enteric-coated pellets as 
dosage forms are discussed theoretically and compared to enteric-coated 
tablets. An enteric-coated tablet may take from approximately 0.5 to 
more than 8 hr to pass from the stomach to the duodenum. On the other 
hand, enteric-coated pellets are subjected to dispersion in the stomach, 
but they pass through the pyloric sphincter after a mean residence time 
in the stomach that would not be different from that exhibited by a 
suspension dosage form. The dispersion effect causes a theoretical re- 
duction in peak blood level over that of an enteric-coated tablet of 
equivalent potency while maintaining bioavailability. It is hypothesized 
that enteric-coated pellets will reduce intestinal side effects that may 
occur with enteric-coated tablet preparations. 


Keyphrases 0 Pellets, enteric coated-theoretical analysis of effect of 
dispersion in stomach on blood level profiles Enteric-coated pellets- 
theoretical analysis of effect of dispersion in stomach on blood level 
profiles Dosage forms-enteric-coated pellets, theoretical analysis of 
effect of dispersion in stomach on blood level profiles 


Various drugs, when administered orally, either cause 
GI problems (e.g., aspirin, indomethacin, and tetracy- 
clines) or are degraded by gastric acid into metabolites 
leading to poor bioavailability (e.g., erythromycin and 
penicillin G) or GI side effects (e.g., levodopa). In some 
cases, these problems have been overcome by the use of 
enteric-coated tablets. They remain intact during passage 
through the stomach, the enteric coat not being shed until 
the tablets pass into the duodenum. 


Two outstanding problems are inherent in the admin- 
istration of enteric-coated tablets: 


1. There is a “hit-or-miss” effect; i.e., the tablet may 
take from about 0.5 to more than 8 hr before it passes into 
the duodenum, leading to the possibility of two tablets, 
each from different dosage times, passing through the 
pyloric sphincter a t  effectively the same time. 


2. Intestinal side effects may result due to a sudden, 
highly localized dose of drug at one site in the small in- 
testine. 


The latter point could account for the significant blood 
loss reported with enteric-coated aspirin tablets, even 
though no salicylic acid was detected at  any time in the 
stomach (1). This study illustrates, from a theoretical 
approach, the advantages of administering drugs, requiring 
enteric protection, in the form of encapsulated enteric- 
coated pellets. The model used is based on a simple 
physical picture of what is envisaged to occur. However, 
in uiuo experimental studies to quantify this theoretical 
analysis probably will show that a more sophisticated 
analysis is not warranted in view of the large variability of 
in uiuo data. 


THEORETICAL 


Solutions, suspensions, tablets, and capsules, which disintegrate and/or 
dissolve in the stomach, and enteric-coated pellets all spread (or disperse) 
throughout the stomach before passing through the pyloric sphincter into 
the duodenum. The drug particles or molecules do not pass through the 


pyloric sphincter as a bolus but assume a random distribution. Some drug 
particles or molecules tend to pass through before the mean passage time, 
and others pass through at random times greater than the mean passage 
time. Once the particles or molecules pass through the pyloric sphincter, 
they are assumed to be no longer subject to dispersion. However, the 
particles or molecules still in the stomach are subject to dispersion; i .e.,  
the longer they stay in the stomach, the greater the effect of dispersion. 
The distribution will be skewed. 


To illustrate the effect that dispersion has on absorption and, subse- 
quently, on blood levels, it is necessary to assume a simple model for the 
dispersion effect. The simplest case is provided by considering the 
stomach as a straight length of pipe of uniform cross-section through 
which a fluid is passing. The fluid is subjected to a longitudinal mixing 
or axial dispersion effect, which is superimposed on the mean flow. 


The drug is assumed to be chemically inert on passage through the 
stomach, a property inherentjn enteric-coated pellets. The dosage is nu0 
mg, and the mean passage is t hr from the time of release from a capsule 
(or from the time of disintegration of a tablet or from the time of ad- 
ministration of a suspension or solution) to the time of passing through 
the pyloric sphincter. 


If the drug can be envisaged to be instantaneously and evenly dis- 
tributed throughout the stomach at  time zeco, then the drug passes 
through the pyloric sphincter at a rate of naolt mg/hr if no further dis- 
persion occurs. If the drug dose is administered normally and dispersion 
does occur, then the amount of drug passing through the pyloric sphincter 
in time interval At is designated Ariao. Thus, from the work of Levenspiel 
and Smith (2): 


where An,/At is the rate of drug passage through the pyloric sphincter 
a t  time t ,  and ND, the dispersion number, is equal to D/uL, where D is 
the longitudinal or axial dispersion coefficient (equivalent to a macro- 
scopic diffusion coefficient), u is the average linear velocity, and L is the 
length of the ‘‘pipe” from the point of drug administration to the pyloric 
sphincter. In physiological terms, D and u each depend on motility, vis- 
cosity of the fluid, and the total volume of fluid in the stomach. 


The fraction of the drug dose, A X , ( t ) ,  that passes through the pyloric 
sphincter in time At and is available for absorption in the small intestine, 
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Figure 1-Rate of passage of drug through pyloric sphincter as a 
function of time. 
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RESULTS 


To demonstrate the effect of di_spersion on blood level curves, the fol- 
lowing parameters were selected t = 3.0 hr, ND = 0.05, k, = 2.5 h-’, k d  
= 0.5 hr-l, and At = 0.001 hr. 


Figure 1 shows a plot of the rate of passage of the drug through the 
pyloric sphincter as a function of time, determined from Eq. 2 as AXa/At. 
The skewed effect of continued dispersion on the particles remaining in 
the stomach is observed as time increases beyond the mean time. Figure 
2 shows a plot of the fraction of the drug in the single body compartment 
as a function of time for the case of dispersion in the stomach and zero 
dispersion. The zero-dispersion case represents, for example, an en- 
teric-coated tablet that takes 3 hr before it releases its coat in the duo- 
denum and is available for absorption in the small intestine. 
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Figure %-Fraction of dose in single body compartment as a function 
of time for the cases of dispersion and no dispersiort. 


assuming a rapid dissolution time such that there is negligible deviation 
in the blood level curve from that for instantaneous dissolution, is given 
by: 


The fraction of the drug in the single body compartment at any time can 
be calculated for the one-compartment open model with the following 
working equations: 


x A ( t )  = XA(t  - At)  + A x A ( t )  
ka - - [xA( t  - A t )  + XA(t ) ]At  (Eq. 3a) 2 


or: 


and  


X s ( t )  = XB(t - At)  + [X, ( t  - At)  4- XA( t ) ]  At 
2 


kd 
2 


- - [XB(t - At)  + X , ( t ) ]  At (Eq. 4a) 


or: 


where X A  ( t )  and X A  ( t  - At)  are the fractions of drug in solution in the 
small intestine at times t and t - At, respectively; XB( t )  and XB(t - At)  
are the fractions of drug in the single body compartment at times t and 
t - At, respectively; AX,( t )  is the amount of drug that enters the small 
intestine and is dissolved between times t - At and t (see Eq. 2); k, is the 
first-order absorption constant; and kd is the first-order elimination 
constant, accounting for total metabolism and excretion from the single 
body compartment. 


DISCUSSION 


Figure 2 shows that dispersion of the particles or molecules in the 
stomach leads to a depression of the peak blood level but not a t  the ex- 
pense of bioavailability. The value of the use of a large number of en- 
teric-coated pellets in place of a single enteric-coated tablet is indicated 
by the fact that the blood level exceeds the minimum effective concen- 
tration for 5.7 hr in the dispersion case compared to only 4.6 hr in the 
zero-dispersion example. The use of enteric-coated pellets, therefore, 
introduces an effective mild sustained-release effect without the reduced 
bioavailability inherent in the standard sustained-release preparation. 
Such an effect was noted by Green (3) in studies with enteric-coated as- 
pirin microspheres. 


The depression of peak blood level with unimpaired bioavailability 
may be a distinct advantage with some drugs, because the peak blood level 
for zero dispersion may be in the toxic region. Aspirin is being marketed 
as enteric-coated tablets; but despite the fact that no salicylic acid has 
been detected in the stomach, confirming the effectiveness of the enteric 
coating, the blood loss is still significantly above that for administration 
of placebo tablets (1). It is suggested that the blood loss is due to the 
sudden appearance of a large concentration of aspirin a t  one location, 
the total dose moving along the small intestine as a bolus until it is ab- 
sorbed. 


Enteric-coated aspirin pellets would release the drug in the small in- 
testine as small “minidoses”; the drug would be distributed along the 
small intestine without large concentrations at  a particular location at  
any time. Therefore it is predicted that, for drugs exhibiting GI side ef- 
fects, the enteric-coated pellet form will obviate intestinal side effects 
as well as gastric side effects. 
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19-hydroxyisovoacangine, and it probably was formed by reaction be- 
tween acetone and the latter alkaloid. The spectral properties of XIV were 
consistent with those of V. In particular, XIV showed peaks at  m/e 192, 
136, and 122 in its mass spectrum, as did V, and both compounds also 
showed strong peaks in their IR spectra a t  about 1720 cm-I for the ester 
and ketonic carbonyl absorptions. It is concluded, therefore, that the new 
ketonic alkaloid possesses Structure V, in which the stereochemistry at  
C-19 is unknown. It is likely that this alkaloid also was formed as an ar- 
tifact by reaction of 19-hydroxyconcdurine with traces of acetone present 
in the methanol during extraction or chromatography. 
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Physiologically Based Pharmacokinetic Model for 
Digoxin Distribution and Elimination in the Rat 


LESTER I. HARRISON * and MILO GIBALDI 


~~ ~ ~ ~~ ~ ~ 


Abstract 0 A plasma flow rate-limited pharmacokinetic model was 
developed to describe the distribution of digoxin to  the heart, liver, 
kidneys, skeletal muscle, and GI tract in the rat. The model also provides 
for renal, hepatic (metabolic and biliary), and GI clearance as well as for 
biliary and GI secretion and GI reabsorption of digoxin. Predicted con- 
centrations of digoxin in the heart, liver, skeletal muscle, and plasma were 
consistent with experimental observations in conscious rats after an in- 
travenous dose. The model was extended to describe digoxin concen- 
trations in the plasma of bile duct-ligated rats and ureter-ligated rats, 
simpl; by modifying appropriate clearance parameters. Excellent 
agreement was obtained between predicted and observed urinary ex- 
cretion rates of digoxin for 12 hr after an intravenous dose to normal and 
bile duct-ligated rats. 


Keyphrases Digoxin-pharmacokinetic model for distribution and 
elimination, effect of ligation of bile duct or ureter, rats 0 Pharmacoki- 
neticsdigoxin, model for distribution and elimination, effect of ligation 
of bile duct or ureter, rats 0 Distribution, tissue-digoxin, pharmaco- 
kinetic model, effect of ligation of bile duct or ureter, rats D Elimina- 
tion-digoxin, pharmacokinetic model, effect of ligation of bile duct or 
ureter, rats 0 Cardiotonic agents-digoxin, pharmacokinetic model for 
distribution and elimination, effect of ligation of bile duct or ureter, 
rats 


Compartment models to describe the pharmacokinetics 
of drug disposition are usually developed by curve fitting 
plasma concentration data with multiexponential equa- 


tions. Due to the limitations of this approach, usually no 
representation more complex than a two-compartment 
open model is justified to describe the time course of drug 
concentrations in plasma. In almost all instances, com- 
partment volumes and transfer constants have no ana- 
tomical or physiological reality. Moreover, these models 
are very species dependent. Although classical phar- 
macokinetic models have many clinical applications, the 
amount of basic information they provide is intrinsically 
limited. 


In recent years, there has been considerable interest in 
the development of anatomically and physiologically re- 
alistic pharmacokinetic models for drug disposition based 
on organ blood or plasma flows and volumes (1). In prin- 
ciple, these models permit the prediction of drug concen- 
trations in any target tissue at  any time and may provide 
considerable insight to drug dynamics. Furthermore, drug 
distribution in certain pathophysiologic conditions may 
be simulated by altering estimates of organ blood flow (2, 
3). Perhaps most important, physiologically based models 
can be scaled to apply to several species (4). Thus, the large 
data base required to develop a physiological phar- 
macokinetic model may be collected in a laboratory animal 
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and scaled to apply to humans. This approach has been 
investigated with thiopental(5), methotrexate (6), cytar- 
abine (7), lidocaine (2), and sulfobromophthalein (8). 


The present report describes the development of a 
physiologically based pharmacokinetic model for digoxin 
distribution and elimination in normal rats and the ap- 
plication of suitably modified forms of this model to de- 
scribe the time course of digoxin concentrations in the 
plasma of rats with total obstruction of the common bile 
duct or ureters. 


EXPERIMENTAL 


The drugs, chemicals, and surgical procedures used were described 
previously (9). Briefly, male Sprague-Dawley rats, 300-400 g, were can- 
nulated via the jugular vein. The common bile duct in one group and the 
ureters in a second group of rats were ligated. The bile duct and ureters 
of control animals also were isolated and traumatized, but no ligations 
were made. All animals were allowed to recover overnight with food and 
water available and were conscious during all experiments. 


For the intravenous bolus studies, the rats were injected through the 
cannula with a 1-mglkg dose of digoxin containing 3 wg of 3H-digoxin', 
specific activity 6.19 Ci/mmole. Blood samples were withdrawn through 
the cannula at various times after dosing and collected in heparinized 
centrifuge tubes. Urine was collected at timed intervals. Control animals 
were sacrificed at 5,11,22,40,60, and 94 min after digoxin administration 
by an injection of air into the jugular vein. The heart, liver, and a portion 
of skeletal muscle (right anterior thigh) were excised, rinsed well with 
ice-cold saline, blotted, weighed, and frozen until analyzed for drug 
content. 


For the infusion studies, a loading dose of 0.12 mg, followed by a con- 
stant-rate infusion of 0.036 mg of digoxin in 1.1 ml of salinehr, was ad- 
ministered to control rats and to bile duct-ligated rats. All injection so- 
lutions contained 3H-digoxin at  the same specific activity. Based on the 
data collected after the intravenous bolus injection of digoxin, this 
infusion rate was expected to yield steady-state plasma digoxin concen- 
trations of about 100 ng/ml. 


The infusion was interrupted briefly at 10 hr to obtain a blood sample 
and terminated at 12 hr after removal of a second blood sample. The 
similarity of digoxin concentrations in these samples indicated that 
steady state with respect to plasma digoxin levels was attained within 
10 hr. Urine and feces were collected continuously during infusion. The 
animals were sacrificed right after the infusion was terminated. The heart, 
liver, kidneys, skeletal muscle, and GI tract were excised, rinsed, and 
weighed. These tissues, as well as the carcass, were frozen until analyzed 
for drug content. 


Plasma and urine samples were extracted and chromatographed to 
separate digoxin from its metabolites as described previously (9). Tissue 
samples were homogenized with a five- to 10-fold excess of 40% ethanol 
in an all-glass tissue grinder. The carcass was skinned and homogenized 
in a small meat grinder. 


Five milliliters of each homogenate was extracted first with a two- to 
threefold excess of chloroform and then twice with chloroform-methanol 
(1:l). The extracts were reduced under vacuum and chromatographed. 
In addition, 200-400 mg of each homogenate was combusted in a tissue 
oxidizer2 to determine radioactivity. The efficiency of combustion based 
on 3H-spiked samples was 98%. 


The chromatography system consisted of chloroform-acetic acid-ethyl 
acetate (5:590). Spots were identified by comparison to standards, 
scraped into vials, and counted in a dioxane-based scintillator as de- 
scribed previously (9). Recovery of radioactivity from 3H-spiked tissues 
and urine was better than 90% in all cases. 


RESULTS AND DISCUSSION 


Intravenous Bolus Studies-The time course of digoxin concen- 
trations in the plasma was biexponential in all cases. Figures 1,2, and 3 
show typical results in a control, bile duct-ligated, and ureter-ligated rat, 
respectively. Plasma digoxin concentration-time curves were quite 
similar in control rats and in rats with ligated bile ducts. The data from 
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Figure 1-Predicted (-) and observed ( 0 )  plasma digoxin concen- 
trations after a 1-mglkg iu injection to a control rat. 


rats with ligated ureters indicated a longer half-life and a reduced total 
clearance of digoxin compared to those observed in control rats. 


Digoxin concentrations in heart, skeletal muscle, and liver of control 
rats are shown in Fig. 4. The drug levels in the heart and muscle were 
comparable to plasma digoxin levels. Digoxin concentrations in the liver 
were much greater than those in the plasma, suggesting considerable 
binding of the drug in this tissue. 


Infusion Studies-Steady-state digoxin concentrations in various 
tissues after a 12-hr constant-rate infusion in normal rats are shown in 
Table I. This table also includes the tissue-to-plasma partition coeffi- 
cients observed in each animal. 


Digoxin was taken up efficiently by the GI tract and the liver. About 
80% of the digoxin in the GI tract was found in the small intestine and 
cecum; less than 1% was in the stomach. High digoxin concentrations in 
these organs also were found in the dog (10). In humans, digoxin is poorly 
concentrated by the GI tissues (11). 
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Figure %-Predicted (-) and observed (0 )  plasma digoxin concen- 
trations after a 1-mglkg iu injection to a bile duct-ligated rat. 
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Table I-Steady-State Dinoxin Concentrations af ter  a 12-hr Constant-Rate Infusion in Two Rats 


Digoxin Concentration Total Radioactivitv 
Tissue Experiment Ngk pg/Tissue Ri ' NgITissue % of Dose 


Plasma 


Liver 


Skeletal 


Heart 
muscle 


- - 0.125 
0.126 
0.987 12 7.9 
0.807 8.3 6.4 
0.171 34= 1.4 
0.178 34' 1.4 
0.138 0.14 1.1 
0.204 0.21 1.6 


- - 
- 
- 
13 
9.8 
- 
- 


0.20 
0.17 


- 
- 
2.4 
1.8 
- 
- 
<0.1 
<0.1 


Kidneys 1 0.213 0.64 1.7 0.98 0.2 
2 0.237 0.67 1.9 0.91 0.2 


GI tract 


Skin 


Carcass 


Urine 


Feces 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 


160 
98 
- 
- 
- 
- 
89 
86 
14 
8 


240 
230 


12 


50 
57 


130 
160 
15 
17 


9.2 


43 
42 
2.2 
1.7 
9.1 


10 
23 
29 
2.7 
3.1 


0 Digoxin concentrations were determined by TLC; concentrations of total radioactivity were determined by combustion. * Tissue-to-plasma partition coefficients, 
Ri, were calculated from the ratio of micrograms of digoxin per gram of tissue to micrograms of digoxin per milliliter of plasma at 12 hr. Estimated by assuming that 
skeletal muscle represents 50% of body weight. 


The kidneys and heart showed little ability to concentrate digoxin. 
These findings in the rat contrast sharply with data from dogs (12) and 
humans (13), which show kidney-to-plasma and heart-to-plasma ratios 
of digoxin concentration to  be 30 or more. Distribution ratios of digoxin 
in the heart and skeletal muscle were slightly greater than one. These 
results are consistent with earlier studies in rats (14,151. 


The mass balance of total radioactivity (Table I) showed that about 
83% of the dose was recovered in one rat and about 88% in the other. Di- 
goxin metabolites accounted for about one-half of the total radioactivity. 
In agreement with previous results in rats (16), almost all radioactivity 
remaining in the body after the 12-hr infusion was localized in the GI 
tract. Also, more than 70% of the intact digoxin in the body at  12 hr was 
found in the GI tract. These results support the notion that biliary and/or 
GI secretion and enterohepatic cycling play an important role in the 
distribution of digoxin in the rat (17,18). 


The steady-state distribution of digoxin between the GI tissues and 
contents in control and bile duct-ligated rats is shown in Table 11. The 
average contents to tissue digoxin concentration ratio was about three 
in control animals and about two in rats with biliary obstruction. In 


500b 


control animals, this ratio varied from site to site in the GI tract, generally 
increasing in a distal directton. Ratios of about one in the stomach and 
small intestine, about three in the cecum, and about eight in the large 
intestine were found. A similar pattern was not apparent in bile duct- 
ligated rats. Digoxin concentrations in both the GI tissues and contents 
were considerably lower in rats with biliary obstruction than in normal 
rats. Nevertheless, substantial amounts were found in the intestinal 
contents in the absence of biliary secretion, indicating that GI secretion 
is a factor in the disposition of the drug in rats. 


Pharmacokinetic Model-The experimental observntions suggested 
that the physiologically based model shown in Scheme I could describe 
the distribution and elimination of digoxin in the rat. This model assumes 
that: ( a )  each tissue acts as a well-stirred compartment, ( b )  drug distri- 
bution is plasma flow limited, and ( c )  all processes are linear, i.e., renal, 
hepatic, and GI clearances, and tissue-to-plasma partition coefficients 
are drug concentration independent. 


In a single rat, digoxin concentrations in the heart and plasma 12 hr 
after a 4-mglkg iv bolus dose of digoxin were four times higher than the 
concentrations in control rats 12 hr after a 1-mg/kg dose; this finding 
supports the last assumption. All experimentally observed modes of di- 
goxin elimination in the rat were included in the model, as were GI se- 
cretion and enterohepatic circulation of digoxin. 


10 I I I 1 t 


2 4 6 8 10 12 
HOURS 


Figure 3-Predicted (-) and observed (0) plasma digoxin concen- 
trations after a 1-mglkg iv injection to a ureter-ligated rat. 
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Figure 4-Predicted (--) and observed (0 )  (n = 2 )  tissue digoxin 
concentrations after a I-mglkg iv injection to control rats. 
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Table 11-Distribution of Digoxin between GI Tissues and 
Contents and Corresponding Plasma Concentrations af ter  a 
12-hr Infusion in Two Control and Two Bile Duct-Ligated Rats. 


Tissue 


Digoxin Concentration 
Exper - tLg/ iment ~ce;/g Tissue Rib 


Plasma 


GI tissues 


GI contents 


Control Rats 
1 7 . 1 7  
2 0.12 


- - 
- - 


1 3.46 25 20 
2 4.11 35 34 
1 8.58 75 
2 11.4 120 


- 
- 


Bile Duct-Ligated Rats 
1 Plasma 0.16 - 
2 0.14 - 


- 
- 


GI tissues 1 
2 


0.70 5.8 4.4 
1.07 4.9 7.6 


- 
- 


GI contents 1 1.49 25 
2 1.99 24 


4 The GI tract WBS sliced lengthwise! homogenized, and extracted as described 
for the tissue. Tissue-to-plasma partition coefficient. 


A mathematical description of the model is given in the Appendix. 
Organ volumes and plasma flows for a 360-g rat are listed in Table 111. 
Table I11 also contains the tissge-to-plasma partition coefficients used 
in testing the model. 


Estimates of the various clearance parameters and rate constants are 
listed in Table IV. Renal clearance was estimated directly in four rats by 
simultaneous measurement of digoxin concentrations in plasma and 
urine. A total body clearance of 5.75 ml/min was estimated by dividing 
the intravenous bolus dose by the area under the plasma digoxin con- 
centration uersus time curve (9). Since total body clearance was virtually 
identical in normal and bile duct-ligated rats, it was assumed that this 
value essentially reflected the s u m  of renal and hepatic clearances. 
Therefore, hepatic clearance was estimated by difference. Biliary se- 
cretion was calculated from literature data (19). 


An initial estimate of GI or fecal clearance of 0.02 ml/min was made 
by assuming a 12-hr half-life for gut transit (20) and a 20-ml volume for 
GI contents. Simulations based on this value resulted in an overestimate 
of digoxin concentrations in the plasma after an intravenous dose to 
normal rats compared to obiKNed results. After testing several estimates, 
a value of 0.05 d m i n  was seleded. The requirement for a higher estimate 
of GI clearance may indicate that digoxin transit from the absorption site 
is faster than the average transit of fluid through the gut or that other 
processes such as gut or bacterial metabolism contribute to the elimi- 
nation of digoxin from the GI tract. 


The first-order absorption rate constant, k, (Table IV), was obtained 
by assuming that the absorption half-life of digoxin in the rat is 2 hr (17). 
The steady-state distribution of digoxin between gut tissues and contents 
in bile duct-ligated rats (Table 11) indicates a ratio of rate constants for 
gut secretion to gut absorption of about two. 


The differential equations listed in the Appendix and the constants 
shown inTables I11 and IV served as input for a digital computer analog 
simulation program (21) to calculate digoxin concentrations in the various 
model compartments. Modification of these equations to incorporate a 
zero-order input function yielded predicted steady-state concentrations 


Table 111-Physiological Constants for the Distribution of 
Digoxin in the Rat 
- 


Tissue 


Plasma 
Volume, Flow, 


mla ml/min* Ric 


Plasma 
Heart 
Skeletal muscle 
Skin, fat, e t c d  
Kidneys 
Liver 
GI tissues 
GI contents 


- - 10.6 
2 4.1 1.6 


180 8.7 1.4 
90 8.7 1.0e 
3.4 14.5 1.9 


13.4 17.4 7.9 
10 13.9 30.0 
17.6 - - 


0 Based on 360-g rat (20, 22,23). Total plasma flow = 53.4 ml/min (23-26). 
C Tissue-to-plasma partition coefficient. d Miscellaneous compartment for all other 
body regions. Estimated from total radioactivity data. 


Table IV-Clearance and Rate Constants for Digoxin 
Distribution and Elimination in  the Rat  


Parameter Estimate 


Renal clearance, & 1.25 ml/min 
Metabolic clearance, Ki 4.5 ml/min 
Biliary clearance, K b  4.0 ml/min 
GI clearance, K, 0.05 ml/min 
Absorption rate constant, k, 0.006 min-l 
Secretion rate constant, k, 0.012 min-1 


of 0.125,0.2,0.175,0.23,0.98, and 3.75 pglg for plasma, heart, skeletal 
muscle, kidney, liver, and GI tissues, respectively. The values are in 
agreement with the data in Table I and indicate that the model is inter- 
nally consistent. 


Predicted and observed digoiin concentrations in plasma and in liver, 
heart, and skeletal muscle after a 1-mg/kg iv bolus dose to normal rats 
are shown in Figs. 1 and 4, respectively. Most model predictions agreed 
reasonably well with observed values. The predicted and observed plasma 
digoxin concenaations were compared in three additional control rats, 
with fits simila : to those seen in Fig. 1. For the first 8 hr, observed plasma 
concentrations (13 time points/animal) were within 40% of the predicted 
values. 


Excellent agreement was obtained between predicted and observed 
urinary excretion rates of digoxin for 12 hr after an intravenous bolus dose 
(Table V). 


An attempt was made to extend the pharmacokinetic model developed 
in normal rats to describe digoxin disposition in rats with cholestasis or 
with renal failure. The mass balance equations in the Appendix were 
solved simultaneously using all constants in Tables 111 and IV, except 
biliary secretion or renal clearance which was set equal to zero. These 
results were then compared with digoxin concentrations in the plasma 
of a rat with a ligated bile duct or ligated ureters (Figs. 2 and 3, respec- 
tively). Apparently, the same pharmacokinetic model can be used to 
describe plasma digoxin concentrations in normal rats and in bile duct- 
ligated or ureter-ligated rats, simply by modifying the appropriate pa- 
rameters. 


The fit of the model was tested in four additional rats: two bile duct 
ligated and two ureter ligated. In the bile duct-ligated animals, predicted 
and observed plasma digoxin concentrations were in good agreement, 
with fits similar to those seen in Fig. 2. For the first 8 hr, the observed 
plasma concentrations (13 time points/animal) were always within 40% 
of the predicted plasma concentrations. For the ureter-ligated rats, 
however, the variability in plasma digoxin levels between animals was 
too great to allow any correlation of observed and predicted plasma 
concentrations after 2 hr. 


In general, the simulation of cholestasis caused only minor changes in 
the predicted tissue distribution of digoxin compared to that predicted 
in normal rats (Fig. 4). Concentrations of digoxin, however, were signif- 
icantly lower in the GI tissues and contents in the model for cholestasis 
than in the model for normal rats, in agreement with the distribution data 
in Table 11. 


Urinary excretion rates of digoxin for 12 hr after an intravenous bolus 
dose, predicted by the pharmacokinetic model (modified by assuming 
a biliary secretion of zero) and observed in bile duct-ligated rats, were 
compared (Table V). There was good agreement between these data 
sets. 


An important goal in the development of physiologically based phar- 
macokinetic models in laboratory animals is the potential application 
to humans simply by scaling blood flows and tissue volumes. This goal 
was not attainable in these studies, because there are substantial dif- 
ferences in tissue-to-plasma partition coefficients of digoxin between rats 


Table V-Comparison of Observed and Predicted Urinary 
Excretion of Digoxin, Expressed as Percent of Dose, in Control 
and BilelDuct-Ligated Rats after a I-mgikg iv Dose 


Control Rats Bile Duct-Ligated Rats 
Hours Observed" Predicted Observed * Predicted 


0-4 13.5 f 4.4 14.2 17.7 f 8.6 16.5 
4-8 2.8 f 0.6 2.3 4.2 f 0.9 2.8 
a 1 2  1.1 f 0.4 0.9 2.0 f 0.5 0.9 
0-12 17.4 f 4.7 17.4 23.9 f 8.9 20.2 


Mean f 1 SD;n = 5. b Mean f 1 SD;n = 6. 
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Scheme I-Pharmacokinetic model for digoxin disposition in the rat; 
QH, QL, QK, etc., denote plasma flow rates to the uarcous organs; QP 


denotes total plasma flow rate. 


and humans (11). The possible application of the present pharmacoki- 
netic model for digoxin to humans using tissue-to-plasma partition 
coefficients determined in the dog is under investigation. 


APPENDIX 


The following mass balance-plasma flow equations describe the con- 
centrations in each compartment of the pharmacokinetic model shown 
in Scheme I: 


(Eq. A l l  
(Eq. A2) 


(Eq. A3) 


(Eq. A4) 
(Eq. A5) 


where Kk, Kj, Kb. and Kg represent renal, metabolic, biliary, and GI 
clearances, respectively; and ka and k, represent first-order rate constants 
for GI absorption and secretion, respectively. The terms Vi, Ci, Qi, and 
Ri represent tissue volumes, drug concentrations, plasma flow rates, and 
tissue-to-plasma partition coefficients, respectively. The subscripts of 
these terms are as follows: p = plasma; h = heart; m = skeletal muscle, 


s = skin, fat, etc.; k = kidney; 1 = liver; g = GI tissues; and c = GI con- 
tents. 
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Functional Modification of Indole Binding Site with 
Indomethacin Congeners 


E. M. K. LUI *, P. S. FARMER x, and C. R. DEAN * 


Abstract 0 Indomethacin and four congeners were shown by equilibrium 
dialysis to interfere with the binding of L-tryptophan at the primary in- 
dole binding site on defatted human serum albumin. Incubation of al- 
bumin with l - ( p  - bromoacetamidobenzoyl) - and l -(m - bromoacetami- 
dobenzoyl)-5-methoxy-2-methyl-3-indolylacetic acids functionally 
modified this site, decreasing the availability of the site for the binding 
of L-tryptophan. Incubation in the presence of a large excess of L- 
tryptophan resulted in the partial protection of the site from modification 
by l-(m-bromoacetamidobenzoyl)-5-methoxy-2-methyl-3-indolylacetic 
acid. 


Keyphrases 0 Indomethacin and congeners-effect on binding of L- 
tryptophan by defatted human serum albumin O L-Tryptophan- 
binding by defatted human serum albumin, effect of indomethacin and 
congeners 0 Binding, protein-L-tryptophan binding by defatted human 
serum albumin, effect of indomethacin and congeners Protein bind- 
ing-L-tryptophan binding by defatted human serum albumin, effect 
of indomethacin and congeners 0 Indole binding site-on defatted 
human serum albumin, functional modification with indomethacin and 
congeners 0 Anti-inflammatory agents-indomethacin and congeners, 
effect on binding of L-tryptophan by defatted human serum albumin 


The nonsteroidal anti-inflammatory agents exert vari- 
ous pharmacological effects. There are several currently 
prevailing theories regarding their mode(s) of action, and 
a single biochemical mechanism for the anti-inflammatory 
and antirheumatic actions of these drugs has not yet been 
identified. Furthermore, the mechanisms so far proposed 
are not necessarily mutually exclusive. These agents are 
bound strongly with serum proteins, and at  various con- 
centrations they inhibit numerous enzyme systems im- 
plicated in the inflammatory process. The clinical effects 
of these drugs may possibly result from action at several 
sites rather than from a specific action on a single enzyme 
system. 


Nevertheless, it is desirable to determine the extent to 
which any one enzyme or other protein is involved in in- 
flammation and to evaluate the importance of inhibiting 
or interfering with that involvement. One approach is to 
design agents to bind selectively and irreversibly with one 
protein of interest. Functional modification of an impli- 
cated protein in vivo by such an agent and the evaluation 
of the anti-inflammatory effect achieved by such modifi- 
cation would provide a measure of the significance of in- 
terference with that protein by the drug. 


In the present investigation, the object was to obtain a 
chemical agent that selectively alkylates the serum albu- 
min binding sites of the anti-inflammatory agent indo- 
methacin (I) while leaving its other receptors intact. 


BACKGROUND 


Indomethacin and other nonsteroidal anti-inflammatory agents are 
strongly bound by human serum albumin. The protein-bound rather than 
the unbound forms of these drugs may be responsible for their chronic 
antirheumatic effects (1). The drugs compete with endogenous biologi- 
cally active small molecules for their binding sites on albumin. Among 
those substances displaced by these drugs are L-tryptophan (1-4) and 
certain dipeptides (1-3). Measurement of the displacement of tryptophan 


I 


&O x 


I :  x = p - C l  
11: X = p-NHCOCH,Br 


IV: X = rn-NHCOCd,Br 
V: X = m-NHCOCH, 


111: X = p-NHCOCH 


from human serum albumin was proposed as a new assay for screening 
drugs for potential anti-inflammatory activity (5). 


Several forms of human serum albumin are believed to exist and to 
have different affinities and binding capacities for L-tryptophan and 
other small molecules (6-8). Rheumatoid arthritis patients may have an 
abnormal ratio of one form of albumin to another (8). Thus, rheumatoid 
arthritis and related diseases may be due to an abnormal serum protein 
binding of certain endogenous anti-inflammatory peptide-like small 
molecules, leading to a decrease in the free concentration of these sub- 
stances for protection against chronic inflammatory insult (1, 8-10). 
Anti-inflammatory agents may act by displacing these endogenous factors 
from their binding sites on albumin, thereby redressing the bound-free 
ratio to that found in normal subjects. 


The binding of L-tryptophan and its displacement may parallel those 
of the postulated protective peptides; thus, L-tryptophan could be used 
as an indicator of the extent of binding of the peptides. L-Tryptophan 
and some other indole derivatives combine tightly with albumin a t  a 
specific primary binding site (11-14) but are displaced by anti-inflam- 
matory agents. L-Tryptophan is not displaced from albumin by other 
drugs that resemble the commonly used antirheumatic drugs in being 
administered over long periods and being equivalently bound to plasma 
proteins (3). 


These observations and hypotheses lend themselves quite conveniently 
to examination by an affinity labeling technique. The proteins under 
scrutiny, namely serum albumins from humans and other species, are 


1 


0 10 20 30 40 
FREE L-TRYPTOPHAN, fiM 


Figure 1-Binding of L-tryptophan by defatted human serum albumin 
(0.4%) in 67 mM phosphate buffer a t  pH 7.4 and 3' and effect of com- 
petitors. Key: 0, no competitor (control); A, in presence of I (40 pM); 
0, in presence of I I  (40 rM); 0, in presence of III (40 pM); A, in pres- 
ence of IV (40 rM); and ., in presence of V (40 FM). In  this and sub- 
sequent figures, each data point represents a single determination. 
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Figure 2-Scatchard plots for the binding of L-tryptophan by defatted 
human serum albumin (0.4%) in 67 mM phosphate buffer at pH 7.4 and 
3'. Key: 0, control; and A,  presence of I1 (40 pM). 


readily isolated for i n  uitro screening. More importantly, serum albumin 
is accessible in the intact animal. In oiuo affinity labeling and active- 
site-directed irreversible enzyme inhibition usually require the reagent 
to reach the target site by a random-walk process, avoiding premature 
reaction with a bewildering array of tissue constituents (15). In contrast, 
for the present proposal, the reagent is required to alkylate specifically 
a major constituent of the compartment into which it is administered- 
albumin of the serum. Thus, the danger of alkylating other tissue com- 
ponents is mainly circumvented. 


Gambhir and McMenamy (16) demonstrated site-specific covalent 
binding at the indole binding site by N-bromoacetyl-L-tryptophan and 
by two other reagents. They used these affinity labels to locate the site 
in the albumin molecule. Their results, however, cannot be extrapolated 
to nonsteroidal anti-inflammatory agents. 


Therefore, it was decided to investigate the influence of indomethacin 
and four congeners (11-V) on L-tryptophan binding by human serum 
albumin. Compounds I1 and IV are potential affinity-labeling reagents 
for indomethacin receptors, since these compounds bear the electrophilic 
bromoacetamido moiety. Indomethacin was chosen as the pharmaco- 
phoric structure from which to design an irreversible protein binder, 
because it has a high displacement potency of L-tryptophan from its 
binding site and the indole ring and general similarity of the indo- 
methacin structure to that of L-tryptophan may increase the specificity 
of its binding to albumin. (It  is not certain whether indomethacin and 
L-tryptophan share the same binding site on albumin or whether the 
indole moiety of both compounds has a similar orientation in the binding 
site.) 


The indolic nature of I suggests the possibility of displacement of active 
molecules from albumin as a major mode of action for I, with inhibition 
of various enzymes such as the prostaglandin synthetase system playing 
more minor roles in its action; other drugs may act predominantly by the 
latter mechanisms, with specific albumin binding being secondary. Such 
differences in the relative importance of their component actions could 
account for the different spectra of pharmacological activities of these 
drugs. 


The alkylating function required placement in such a position that i t  
would not interfere with the initial reversible binding of the agents to the 
protein site. Since the benzoyl group of I constitutes a considerable 
change in gross dimensions from those of L-tryptophan, i t  was selected 
as the most logical area on which to substitute the bromoacetamido 
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Figure 3-Scatchard plots for the binding of L-tryptophan by defatted 
human serum albumin (0.4%) i n  67 mM phosphate buffer at p H  7.4 and 
3'. Key: 0, control; and A, presence of III (40 pM). 
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Figure 4-scatchard plots for the binding of L-tryptophan by defatted 
human serum albumin (0.4%) i n  67 m M  phosphate buffer at pH 7.4 and 
3'. Key: 0, control; and A, presence of IV (40 pM). 


moiety. Furthermore, the benzoyl group may act as a "bridge" between 
the site-directing group and the covalent bond-forming group, thereby 
enhancing the probability of alkylation of the indomethacin-binding site 
by the exo mechanism (17). 


RESULTS AND DISCUSSION 


L-Tryptophan was extensively bound by its primary binding site on 
albumin. The maximum number of binding sites, n, was 0.98, in good 
agreement with previous reports (10-12); the association constant, Kd, 
was 6.11 X 104 M-1. As reported previously (1-4), this binding of L- 
tryptophan was greatly inhibited in the presence of indomethacin; ap- 
parent n and K d  values could not be estimated. 


The new indole compounds also inhibited the binding of L-tryptophan 
by albumin (Fig. 1). The order of decreasing L-tryptophan-displacement 
potency was: I >> I1 > IV > I11 > V. Scatchard plots for the binding of 
L-tryptophan in the presence of each indomethacin congener are illus- 
trated in Figs. 2-5, and apparent binding parameters for L-tryptophan 
are listed in Table I. That  these compounds probably inhibit albumin 
binding of L-tryptophan by a competitive mechanism a t  3" is indicated 
by the constant value of n ( p  < 0.01)' while Kd changes significantly ( p  
> 0.01)'. These findings are significant, since they show that the L- 
tryptophan binding site on human serum albumin has the bulk tolerance 
necessary to accommodate an acetamido or bromoacetamido group in 
the 3'- or 4'-position of the 1-benzoylindole system. 


Once it was established that the indomethacin congeners did compete 
with L-tryptophan for its albumin binding site. a series of experiments 
was carried out to determine their ability to block or modify the binding 
site irreversibly a t  physiological temperature. The increased temperature 
was expected to promote covalent bond formation. An analogous situation 
was reported wherein acetylation of a lysine residue of albumin occurred 
readily a t  37' but not at 0' (18). Thus, L-tryptophan binding was mea- 
sured after incubation of the albumin a t  37' for 24 hr in the presence of 
the respective competitors (Table 11). 


Defatted human serum albumin, incubated as a control in the absence 
of an indole compound, exhibited a slightly enhanced affinity for L- 
tryptophan. Incubation of albumin alone a t  37' similarly increased its 
affinity for phenylbutazone, flufenamic acid, and dicumarol (19). 
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Figure 5-Scatchard plots for the binding of L-tryptophan by defatted 
human serum albumin (0.4%) in 67 mM phosphate buffer at pH 7.4 and 
3'. Key: 0, control; and A, presence of V (40 pM). 


1 Significance tested at 1% level with a Fortran analysis of variance program. 
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Table I-Binding of L-Tryptophan by 0.4% Defatted Human 
Serum Albumin and Effect of Competitors" 


Table 11-Binding of L-Tryptophan by 0.4% Defatted Human 
Serum Albumin af ter  Incubation with Indole Comoounds 


Linear 
Kd X lo-*, Correlation 


Competitor M-1 n Coefficient 


~~~ 


Compound Linear 
Incubated Kd X w4, Correlation 


with M-1 n Coefficient 


None (control) 6.11 0.98 -0.988 
I - b - b  - 


I1 
I11 
IV 
V 


3.07 0.95d -0.967 
4.64c 0.94d -0.981 
3.52c 0.96d -0.960 
4.73c 0.93d -0.990 


Determined in 67 mM phosphate buffer at pH 7.4 and 3 O ;  L-tryptophan con- 
centration was varied from 5 to 100 pM; competitors were used with single initial 
concentration of 40 bM. Not measurable; no correlation was found between rand 
r /D/ .  No significant dif- 
ference from control value at p < 0.01. 


Significantly different from control value at p > 0.01. 


Incubation with I1 decreased the availability of the primary L-tryp- 
tophan-binding site by about 26% and also decreased the affinity slightly 
(Fig. 6). That is, functional modification of the primary L-tryptophan- 
binding site was observed. The slight decrease in Kd was probably due 
to competitive binding of residual noncovalently bound 11, in spite of 
dialysis against four changes of sodium chloride. The presence of L- 
tryptophan during incubation with 11 in another experiment did not 
protect significantly against the modification (Fig. 6). The K,j was re- 
turned to the control value, however, indicating that L-tryptophan suc- 
cessfully competed with I1 for the site under these conditions. [L-Tryp- 
tophan is more effectively removed than I1 by sodium chloride. Chloride 
ion is an acknowledged competitive inhibitor of tryptophan binding (13).] 
These observations suggest that the functional modification by I1 is not 
dependent on the initial formation of a reversible complex with the pri- 
mary indole-binding site. 


Figure 7 shows the effects of incubation with IV. When incubated 
without L-tryptophan, the indole-binding site is more extensively mod- 
ified by IV than by 11, with only about 30% of the original site left un- 
blocked. Unlike the observations with 11, the presence of L-tryptophan 
during incubation of albumin with IV provided approximately 60% 
protection to the site, allowing modification of only about 28%. Protection 
a t  secondary sites would not be expected since, at  a total concentration 
of 250 pM, L-tryptophan is not bound appreciably by secondary sites on 
human serum albumin*. 


That the protection achieved was by competition and not by chemical 
inactivation of IV was evidenced by the lack of reaction between IV and 
L-tryptophan in the absence of albumin ( c f . ,  Experimental). These ex- 
periments provide evidence for site specificity in the functional modifi- 
cation by IV of the L-tryptophan primary binding site on albumin. They 
do not preclude additional nonselectioe reaction of IV at  other sites on 
the protein molecule. 


A second feature obvious from Fig. 7 is the generation or exposure by 
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Figure 6-Scatchard plots for the binding of t- tryptophan by defatted 
human serum albumin (0.4%) in 67mMphosphate buffer at  pH 7.4 and 
3' after incubation at 37' for 24 hr. Key: top line without data points, 
albumin incubated in  buffer alone (control); 0, albumin incubated in 
presence of II (290 pM); and b, albumin incubated in presence of both 
I I  (290 NM) and L-tryptophan (250 pM). 


This laboratory, unpublished data. 
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None (control) 7.20 0.96 -0.987 
I 4.22" 0.91 -0.967 
I1 4.96" 0.71"+' -1.002 
I1 + 250 pM 6.91 0.77' -0.990 


111 5.93" 0.89b -0.995 
IV 5 . 2 1 " ~ ~  0.29a,d2e -0.982 
IV + 250 fiM 7.19b 0.69e -0.993 


V 4.86" 0.98h -0.996 


L-tryptophan 


L-tr yptophan 


a Significantly different from control value at p > 0.01. b No significant difference 
from control value at p < 0.01. c No significant difference between the two values 
at p < 0.01. d Estimates for the first class of binding sites; insufficient data were 
available for determination of parameters for the second class by nonlinear least- 
squares fit. e These two values are significantly different at p >0.01. 


IV of a second class of L-tryptophan-binding sites. Visual inspection of 
the Scatchard plot of the "tryptophan-protection'' experiment (Fig. 7) 
similarly reveals a possible break in the curve at  higher r values, although 
a linear regression line was obtained with a correlation coefficient of 
-0.993 (cf., Table 11). Two possible explanations for this phenomenon 
were considered: ( a )  additional sites on the albumin molecule may be 
modified by IV, generating by an allosteric effect a new L-tryptophan - 


binding site; and ( b )  partial blocking or modification of the primary site 
on some albumin molecules may result in decreased, but measurable, 
affinity (Kd) at  those sites. The unconvincing protection by L-tryptophan 
against the formation of the new class of sites discredits the latter expla- 
nation. 


To establish that site modification was a function of the electrophilic 
bromoacetyl moieties of I1 and IV, albumin was incubated under the same 
conditions with I and with the nonalkylating congeners 111 and V sepa- 
rately. These compounds had no significant effect on r ,  the availability 
of the primary indole-binding site (Fig. 8). These compounds, like I1 and 
IV, decreased the association constant slightly. 


Acetylation of albumin by aspirin modified binding of phenylbutazone 
and flufenamic acid, while acylation by other reagents had no measurable 
effect (19). Site protection experiments were not carried out, however, 
and the investigators were unable to state that all three drugs were bound 
a t  the same or proximal sites on the albumin. 


EXPERIMENTAL 


Biological-Measurement of L- Tryptophan Binding by Albumin.- 
Protein binding was measured by equilibrium dialysis at  3', using Visking 
dialysis bag$. Essentially fatty acid-free human serum albumin4 (0.4%) 
in 2.0 ml of 67 mM phosphate buffer (pH 7.4) was used after dialysis 
overnight against the buffer a t  3". Diffusate solutions contained 15 ml 
of 3-14C-~-tryptophan with initial concentrations of 5-100 p M  and ac- 
tivities of a t  least 4000 cpm. 


3-14C-~-Tryptophan was assayed as free (diffusate) and total (reten- 
tate) L-tryptophan by single-channel liquid scintillation counting5 at  
6-8O, with a counting time of 10 min and a counting efficiency of 97.36%. 
The scintillation fluid consisted of a commercial fluolfi-toluene-ethylene 
glycol monomethyl ether (1:175:75) and was used to dilute 0.2 ml of di- 
alysate to  10 ml. The protein concentration of the retentate after equi- 
librium dialysis was determined by the method of Lowry et al. (20). 


The extent of binding was computed by the Scatchard method (21): 


rlDr = nKd - rKd (Eq. 1) 


where r is the number of moles of L-tryptophan bound per mole of human 
serum albumin, Dj is the molar concentration of free L-tryptophan at 
equilibrium, n is the maximum number of binding sites of a single class, 
and Kd is the association constant for the binding of L-tryptophan by sites 
in that class. 


A regression line for each set of experiments was generated using the 


Dialysis tubing, 0.63-cm (0.1251-in.) diameter (Union Carbide Corp.), was 


Sigma Chemical Co., St. Louis, Mo. 
Unilux I1 scintillation spectrometer, Nuclear Chicago, Des Plaines, Ill. 
OmniFluor, New England Nuclear, Boston, Mass. 


prepared for use as described by Gambhir and McMenamy (16). 
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Figure 7-Scatchard plots for the binding of &tryptophan by defatted 
human serum albumin (0.4%) in 67 mM phosphate buffer at pH 7.4 and 
3' after incubation at 3 7 O  for 24 hr. Key: top line without data points, 
albumin incubated in buffer alone (control); 0, albumin incubated in 
presence of IV (290 pM), data points used for estimation of regression 
line and binding parametem; 0,  albumin incubated in presence of IV 
(290 pM), data points excluded for estimation of binding parameters; 
and A,  albumin incubated in presence of both IV (290 p M )  and L- 
tryptophan (250 FM). 


program BMD03R7 with a digital computers. The slopes and elevations 
of replicated lines were compared 0, = O.Ol),  using a Fortran analysis of 
covariance program (22). The homogeneous data were pooled for the 
estimation of a single regression line. Where the correlations between rlDf 
and r were nonlinear, indicating binding at  secondary binding sites, a 
second Fortran program9 was used to compute binding parameters for 
both classes of binding sites. 


Estimation of Competition by Indomethacin and Congeners-L- 
Tryptophan binding by 0.4% defatted human serum albumin in the 
presence of I-V was similarly measured. The diffusate solutions initially 
contained 5-100 pM L-tryptophan and one test compound (I-V) in a 
single concentration of 40 rM. Preliminary experiments showed I-V to 
have no appreciable quenching effect. 


Affinity Labeling-Essentially fatty acid-free human Serum albumin 
(0.4%) was incubated at 37O for 24 hr with each test compound (I-V) (290 
p M )  in 67 mM phosphate buffer (pH 7.4). The incubated albumin solu- 
tions were then dialyzed a t  3O for 48 hr against four changes of 0.15 M 
NaCl solution and finally against four changes of distilled water (19). A 
control experiment was run in which the albumin was incubated without 
an indole compound. L-Tryptophan binding by the albumin was mea- 
sured as already described. 
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Figure 8-Scatchard plots for the binding of L-tryptophan by defatted 
human serum albumin (0.4%) in 67 mM phosphate buffer at pH 7.4 and 
3" after incubation at 37O for 24 hr. Key: top line without data points, 
albumin incubated in buffer alone (control); 0, albumin incubated in 
presence of I (290 pM); A, albumin incubated in presence of I I I  (290 
&I); and 0, albumin incubated in presence of V (290 pM). 


One of the BMD series of programs available from the health sciences com- 
puting facility of the University of California a t  Los Angeles. 


This program for nonlinear least-squares fit was made available by Dr. R. F. 
Mais, Midwest Research Support Center, Veterans Administration Hospital, Hines, 
Ill. 


8 Model 6400, Control Data Corp. 


Site Protection-Solutions of essentially fatty acid-free human serum 
albumin (0.4%), which had been equilibrated at 37" with 250 p M  L- 
tryptophan, were incubated with I1 or IV and subseque~tly treated as 
described. The L-tryptophan solution used for the preliminary equili- 
bration carried the same specific activity (3-14C) as the stock solution used 
in the binding studies. 


Determination of Ionization Constantsla--A spectrophntometric 
method (23) was used for the determination of pKa values for I and 111. 
The absorbance of 1 X lo-* M solutions of I was measured at  259 nm in 
1.0 M HC1,O.l M NaOH, and seven formate buffers (0.01 M ,  pH 3.55- 
4.36), giving pKa 3.96 f 0.03. When 3.85 X M solutions of 111 were 
measured at 244 and 272 nm, they had a pKa of 4.11 f 0.07. No suitable 
wavelength was found for differentiating betwveen the acid and anion 
forms of V; their absorbance6 did not differ by greater than 10% iq any 
part of the spectrum. The pKa of V was not determined. 


The compounds are too insoluble in water or even in 50% methanol for 
potentiometric determination of their ionization constants. 


Chemistryll-A modified Fischer indole synthesis, such as that de- 


CH ,O m- or  P-NO~C,H,CQCI 
f 


VIII 


CH,O 
% 


kA NN-CHCH:, 
HC! - I c=o 


c=o 
I Q NO, 


X 


NO? 


Q NH, 
VII 


Scheme I 
- -  


lo For the determination of acid dissociation congtants, a Fisher Arcumet model 
220 pH meter was used with a standard combination electrode9 spectra were ob- 
tained with a Zeiss model PMQ I1 spectrnphotometer, using matched 1.0-om quartz 
O e k  


11 Melting points weredetermined with a Thorns-Hmver capillary melting-point 
apparatus and are unmrrected. IK spectra were recorded with a Perkin-Elmer model 
237B spectro hotometer. NMR spectra were recorded, using tetramethylailane 
as the internayreference, with a Varian model T-60 spectrometer and, where indi- 
cated, with a Varian model HR-220 spectrometer, the latter at the 220 MHa NMH 
Center, Ontario Research Foundation, Sheridan Park, Ontarin. Microanalyses were 
carried out by Dr. G. I. RobeTtson, Jr., Robertson Laborabry, Flqham Park. N.J., 
and by Dr. H. Bieler, Organisch-Chemtsches Instttut, Vtenns, Austria. 
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scribed for I (24,251 and for certain 1-heteroaroyl analogs (25,26), was 
used (Scheme I). The nitrobenzoylindoles (VI) so obtained were easily 
hydrogenated in the presence of platinum dioxide in tetrahydrofuran, 
giving the corresponding amines (VII). Hydrogenation did not proceed 
in anhydrous ether or dimethyl formamide. The amines were acylated 
in anhydrous acetone by bromoacetic anhydride or acetic anhydride to 
yield 11-V. 


Acetaldehyde p-Methoxyphenylhydrazone ( VlZZ)-Compound VIII 
was prepared from p-methoxyphenylhydrazine hydrochloride (14 g, 80 
moles) and acetaldehyde (6.6 g, 150 mmoles) by the method of Yamamoto 
(27). The yield was 10.1 g (76%), bp 120-124'/0.2 mm [lit. (27) bp 119- 
125'/0.2 mm]; IR (film): 3300,1500,1235,1030, and 820 cm-I. 


Acetaldehyde N1-p-Nitrobenzoyl-N1-p-methoxyphenylhydrazone 
(fXa)-Powdered p-nitrobenzoyl chloride (9.6 g, 50 mmoles) was added 
in portions to a sol'ution of VIII (7 g, 45 mmoles) in 60 ml of pyridine at 
0-5' for 1.5 hr. After being stirred at  ice-bath temperature for an addi- 
tional 2.5 hr, the reaction mixture was poured into 500 ml of cold water. 
On standing overnight a t  2-5', precipitation occurred. The orange pre- 
cipitate was isolated, washed with 100 ml of cold water, and dried in uacuo 
overnight. The product was obtained from ethylene glycol monomethyl 
ether as yellow crystals (12 g, 91%), mp 12&127.5"; IR (KBr): 1650 (C=O, 
tertiary amide), 1520, and 1340 (NOz, aromatic) cm-'; NMR (60 MHz) 
(dimethyl sulfoxide-d6): 6 1.70 (d, 3, J = 5 Hz, CH3CH), 3.75 (s,3, CH30), 
6.73 (q, 1, J = 5 Hz, CH&H), 7.18 (ABq, 4, J = 9 Hz, ArH), and 8.08 
(ABq, 4, J = 9 Hz, benzoyl ArH) ppm. 


Anal.-Calc. for C ~ G H ~ ~ N R O ~ :  C, 61.34; H, 4.83; N, 13.41. Found: C, 
61.37; H, 5.00; N, 13.29. 


Acetaldehyde N1-m-Nitrobenzoyl-N1-p-methoxyphenylhydrazone 
(IXb)--Compound IXb was prepared in 90% yield by the method de- 
scribed for IXa. Recrystallized from 95% ethanol, the product had a 
melting point of 106'; IR (KBr): 1650 (C=O, tertiary amide), 1520, and 
1340 (N02, aromatic) crn-'; NMR (60 MHz) (dimethyl sulfoxide-ds): 6 
1.70 (d, 3, J = 5 Hz, CHRCH), 3.76 (s, 3, CH30), 6.76 (q, 1, J = 5 Hz, 
CH$H), 7.20 (ABq, 4, J = 9 Hz, ArH), and 7.7-8.52 (m, 4, benzoyl ArH) 
PPm. 


Anal.-Calc. for C16H15N304: C, 61.34; H, 4.83; N, 13.41. Found: C, 
61.50; H, 5.00; N, 13.29. 


N'-p-Nitrobenzoyl-N1-p-methoxyphenylhydrazine Hydrochloride 
(Xa)-Gaseous hydrogen chloride was bubbled through a solution of IXa 
(5 g, 16 mmoles) in 99% ethanol (2  ml) and 27 ml of toluene below 5" for 
15 min with stirring. Stirring was continued for an additional 2 hr at  0-5". 
The precipitate was collected by filtration, washed with ether, and dried 
in uacuo overnight. The product was obtained from absolute ethanol as 
white needles (4.8 g, 92.8%), mp 183.5'; IR (KBr): 3000-2250 (NH+), 1665 
(tertiary amide), 1520, and 1340 (NOz, aromatic) cm-'; NMR (60 MHz) 
(dimethyl sulfoxide-d6): 6 3.75 (s, 3, CHsO), 7.22 (ABq, 4, J = 9 Hz, ArH), 
7.92 (ABq, 4, J = 9 Hz, benzoyl ArH), and 9.77 (s, 3, NH3+) ppm. 


Anal.-Calc. for C14H14ClN304: C, 51.94; H, 4.36; C1, 10.95; N,  12.98. 
Found: C, 51.98; H, 4.50; C1, 10.88; N, 13.01. 
N'-m-Nitrobenzoyl-N1-p-methoxypheny2hydrazine Hydrochloride 


(Xb)-Compound Xb was prepared in 99% yield by the method de- 
scribed for X a .  Recrystallized from absolute ethanol, the product had 
a melting point of 178-178.4'; IR (KBr): 3000-2250 (NH+), 1665 (tertiary 
amide), 1520, and 1340 (NO*, aromatic) cm-l; NMR (60 MHz) (dimethyl 
sulfoxide-ds): 6 3.80 (s, 3, CH30), 5.25 (HzO), 7.26 (q, 4, J = 9 Hz, ArH), 
and 7.63-8.37 (m, 4, benzoyl ArH) ppm. 


Anal.-Calc. for C14H14CIN304: C, 51.94; H, 4.36; C1, 10.95; N, 12.98. 
Found: C, 52.19; H, 4.54; C1, 10.79; N,  13.02. 


5-Methoxy-2-methy/-1-(p-nitrobenzoy/)-3-indolylaceti~ Acid 
(VZa)-Compound X a  (9.4 g, 29 mmoles) and levulinic acid (4.3 g, 37 
mmoles) were stirred in 17 ml of acetic acid at 65" for 2 hr. The reaction 
mixture was allowed to stand a t  room temperature overnight, and the 
precipitate was collected by filtration. Then the precipitate was washed 
with 100 ml of water in three portions and dried in uacuo overnight. It 
was recrystallized from a solution of acetone and water. The greenish- 
yellow powder (8.1 g, 77%) had a melting point of 180-181"; IR (KBr): 
1700 (COzH), 1670 (C=O, tertiary amide), 1520, and 1350 (NOz, aro- 
matic) cm-'; NMR (60 MHz) (dimethyl sulfoxide-d6): 6 2.13 (s, 3, in- 
dole-CHa), 3.60 (s, 2, CHzCOzH), 3.73 (s, 3, CH30), 6.63 (split d,  ARC, 
1, J = 2.5,g.O Hz, indole-6-H), 6.95-7.15 (m, ABC, 2, indole-4,7-H), and 
8.11 (ABq, 4, J = 9 Hz, benzoyl ArH) ppm. 


Anal.-Calc. for C19H16N20~: C, 61.95; H, 4.38; N, 7.61. Found: C, 
62.04; H, 4.61; N, 7.57. 
5-Methoxy-2-methyl-I-(m-nitrobenzoyl)-3-indolylacetic Acid 


(V1b)-Compound VIb was prepared in 7696 yield by the method de- 
scribed for VIa. The product was recrystallized from acetone in the form 
of a greenish-yellow powder, mp 191-191.7'; IR (KBr): 1700 (COzH), 1670 


(C=O, tertiary amide), 1520, and 1350 (NOn, aromatic) cm-'; NMR (60 
MHz) (dimethyl sulfoxide-d6): 2.23 (s, 3, indole-CHX), 3.70 (s, 2, 
CHzCOzH), 3.78 (s, 3, CH30). 6.72 (split d,  ABC, 1, J = 2.5,g.O Hz, in- 
dole-GH), 7.07 (d, ABC, 1, J = 9.0 Hz, indole-7H), 7.10 (d, ABC, 1, J = 
2.5 Hz, indole-4-H), and 7.70-8.67 (m, 4, benzoyl ArH) ppm. 


Anal.-Calc. for C ~ ~ H I ~ N Z O ~ :  C, 61.95; H, 4.38; N, 7.61. Found: C, 
62.15; H, 4.65; N, 7.50. 


l-(p-Aminobenzoyl)-5-methoxy-2-rnethyl-3-indolyl~cetic Acid 
(VlZa)-By means of a Parr hydrogenator, VIa (15.0 g, 41 mmoles) in 
100 ml of tetrahydrofuran was hydrogenated in the presence of platinum 
oxide (0.28 g) a t  25' for 24 hr. The reaction mixture was filtered with the 
use of a filtering aid12, and the solvent was removed by evaporation under 
reduced pressure. A light-yellow powder was obtained and recrystallized 
from 95% ethanol. The product was in the form of a milky-colored powder 
(14.0 g, 94.1%), mp 193.5-194.5'; IR (KBr): 3420,3340 (NH stretching), 
1700 (COzH), 1670 (C=O, tertiary amide), and 1650 (NH bending) cm-I; 
NMR (220 MHz) (dimethyl sulfoxide-ds): 6 2.28 (s, 3, indole-CHs), 3.66 


benzoyl-rn-H), 6.43 (split d,  ABC, 1, J = 2.5,g.O Hz, indole-6-H), 6.85 (d, 
ABC, 1,  J = 9 Hz, indole-7-H), 6.98 (d, ABC, 1, J = 2.5 Hz, indole-4H), 
and 7.36 (d, 2, J = 9 Hz, benzoyl-o-H) ppm. 


Anal.-Calc. for C19HleN204: C, 67.44; H, 5.36; N, 8.28. Found: C, 
67.32; H, 4.95; N, 8.02. 


1-(m-Arninobenzoyl)-5-methoxy-2-methyl-3-indolylace~ic Acid 
(VZlb)-Compound VIIb was obtained in 92.0% yield by the method 
described for VIIa. The product was recrystallized from benzene-chlo- 
roform in the form of yellowish-white crystals, mp 164-165'; IR (KBr): 
3430,3330 (NH stretching), 1705 (COzH), 1665 (C=O, tertiary amide), 
and 1650 (NH bending) cm-I; NMR (60 MHz) (dimethyl sulfoxide-ds): 
6 2.30 (s, 3, indole-CHz), 3.66 (s, 2, CHzCOzH), 3.78 (s, CH30), and 
6.60-7.38 (m, 9, NHz, ArH) ppm. 


Anal.-Calc. for CLgH1~N204: C, 67.44; H, 5.36; N, 8.28. Found: C, 
67.05; H ,  5.36; N, 7.93. 


f - (p-Bromoacetamidobenzoyl)-5-methoxy-2-methyl-3-indolylacetic 
Acid (ZZ) (Method A)-Bromoacetic anhydride (0.80 g, 2.9 mmoles) in 
20 ml of anhydrous acetone was added all a t  once to a solution of VIIa 
(1.0 g, 2.9 mmoles) in 80 ml of anhydrous acetone. The reaction mixture 
was stirred a t  room temperature for 20 hr. On evaporating the solvent 
under reduced pressure, a milky-colored solid was collected. The product 
was obtained from aqueous ethanol as a white powder (1.2 g, go%), mp 
208O; IR (KBr): 3440 (NH), 1710 (COzH), 1680 (C=O, secondary amide), 
and 1670 (C=O, tertiary amide) cm-I; NMR (220 MHz) (dimethyl 
sulfoxide-ds): 6 2.25 (s, 3, indole-CHs), 3.66 (s, 2, CHzCOzH), 3.75 (s, 3, 
CH30), 4.08 (s, 2, COCHZBr), 6.70 (split d,  ABC, 1, J = 2.5,S.O Hz, in- 
dole-6-H), 6.85 (d, ABC, 1, J = 9.0 Hz, indole-7-H), 7.01 (d, ABC, 1, J = 
2.5 Hz, indole-4-H), and 7.70 (ABq, 4, J = 9.0 Hz, benzoyl ArH) ppm. 


Anal.-Calc. for CzlH19BrNz05: C, 54.91; H, 4.17; Br, 17.40; N, 6.10. 
Found: C, 54.78; H ,  4.36; Br, 17.00; N, 5.87. 


1- (p-Bromoacetamidobenzoyl)-5-rnetho~y-2-methyl-3-indolylacetic 
Acid ( Z l )  (Method B)-Bromoacetyl bromide was used in place of the 
anhydride, giving 11 identical with that obtained by Method A but in 
lower yield. A considerable quantity of the hydrobromide salt of VIIa 
formed, from which VIIa was recovered on treatment with potassium 
bicarbonate followed by extraction with chloroform. Attempts to protect 
VIIa from salt formation by carrying out the reaction in the presence of 
triethylamine failed to yield any 11. 


1- (m-Bromoacetarniolobenzoyl)-5-methoxy-2-methyl-~-~ndolylace- 
tic Acid (IW-Compound IV was preparrd in 77.6% yield from VIIb 
by Method A. The product was recrystallized from benzene-chloroform 
in the form of a milky-colored powder, mp 130"; IR (KBr): 3440 (NH), 
1710 (COzH), 1680 (C=O, secondary amide), and 1670 (C=O, tertiary 
amide) cm-I; NMR (60 MHz) (dimethyl sulfoxide-d6): 6 2.25 (s, 3, in- 
dole-CHZ), 3.67 (s, 2, CH~COZH), 3.78 (s, 3, CH30), 4.05 (s, 2, COCHZBr), 
6.77-7.13 (m, 3, indole-H), and 7.40-7.95 (m, 4, benzoyl ArH) ppm. 


Anal.-Calc. for C21H19BrN205: C, 54.91; H, 4.17; N, 6.10. Found: C, 
54.73; H, 4.37; N, 5.93. 


1 - (p-Acetamidobenzoyl)-5-methoxy-2-methyl-3-indolylacetic Acid 
(Ill)-Compound 111 was prepared in 87.5% yield from VIIa and acetic 
anhydride by Method A. Recrystallized from benzene-chloroform, the 
product had a melting point of 210O; IR (KBr): 3440 (NH), 1710 (COzH), 
1670 (C=O, secondary amide), and 1650 (C=O, tertiary amide) crn-'; 
NMR (60 MHz) (dimethyl sulfoxide-d6): 6 2.05 (s, 3, COCH3), 2.20 (s, 3, 
indole-CHs), 3.64 (s, 2, CHZCO~H),  3.75 (s, 3, CH30), 6.67 (m, 1, indole- 


(s, 2, CHZCOzH), 3.75 (s, 3, CHsO), 6.3 (s, 2, NHz), 6.36 (d, 2, J = 9 Hz, 


l2 Hyflo Super Cel, Fisher Scientific Co., Fair Lawn, N.J. 
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6-H), 6.77 (m, 1 ,  indole-7-H), 6.93 (m, 1, indole-4-H), and 7.65 (ABq, 4, 
benzoyl ArH) ppm; pKa 4.11. 


Anal.-Calc. for C2lH20N205: C, 66.30; H, 5.30; N, 7.37. Found: C, 
66.25; H, 5.38; N, 7.31. 


Z-(m-Acetamidobenzoyl)-5-methory-2-methyl-3-indolylacetic Acid 
(V)-Compound V was prepared in 77.8% yield from VIIb and acetic 
anhydride by Method A. Recrystallized from benzene-chloroform, the 
product had a melting point of 135’; IR (KBr): 3440 (NH), 1710 (C02H), 
1670 (C=O, secondary amide), and 1650 (C=O, tertiary amide) cm-’; 
NMR (60 MHz) (dimethyl sulfoxide-ds): d 2.07 (s, 3, COCHs), 2.25 (s,3,  
indole-CHs), 3.67 (s, 2, CH&02H), 3.80 (s, 3, CHsO), 6.63-7.13 (m, 3, 
indole-H), and 7.33-7.97 (m, 4, benzoyl ArH) ppm. 


Anal.-Calc. for C21H2oN205: C, 66.30; H, 5.30; N, 7.37. Found: C, 
65.80; H, 5.34; N, 7.29. 


Reactivity of I1 and IV toward L-Tryptophan-L-Tryptophan was 
shaken at  37O for 24 hr with an equimolar quantity of I1 or IV in 67 mM 
phosphate buffer (pH 7.4). TLC revealed no products of reaction between 
either I1 or IV and L-tryptophan. 
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Rectal Absorption of Nitrofurantoin 


EUGENE L. PARROTTX and LLOYD E. MATHESON, Jr. 


Abstract 0 The absorption in humans of nitrofurantoin from seven 
suppository bases was studied using urinary excretion measurements. 
Rectal absorption was poorer than GI absorption. The administration 
of 400 mg of nitrofurantoin in a polyethylene glycol-polysorbate 80 
suppository base and in a polyethylene glycol-silica suppository base 
provided an adequate urinary concentration of nitrofurantoin. Persons 
who cannot tolerate orally administered nitrofurantoin due to gastric 
upset could receive nitrofurantoin therapy rectally. 


Keyphrases 0 Nitrofurantoin-rectal absorption, effect of various 
suppository bases, humans Absorption, rectal-nitrofurantoin, effect 
of various suppository bases, humans 0 Antibacterials, urinary-nitro- 
furantoin, rectal absorption, effect of various suppository bases, hu- 
mans 


Nitrofurantoin is an antibacterial agent used widely in 
the treatment of urinary tract infections (1). Between 30 
and 50% of an oral or intravenous dose can be recovered 


intact from the urine (2). The efficacy of nitrofurantoin 
depends on attaining an adequate concentration of drug 
in the urine. 


Patients receiving nitrofurantoin may exhibit emesis 
and be deprived of an effective medication. Macrocrystals 
of nitrofurantoin improved GI tolerance without inter- 
fering with clinical efficacy (3). An optimal average crystal 
size of 150 mesh (80-200-mesh size fraction) reduced the 
incidence of emesis while still permitting ample urinary 
excretion for efficacy (4). The larger crystals dissolved 
more slowly than the smaller crystals and, since dissolution 
is the rate-limiting step for slightly soluble drugs, nitro- 
furantoin absorption was slower. 


The purpose of this study was to investigate the rectal 
absorption of nitrofurantoin and to determine if nitro- 
furantoin could be administered in a suppository to per- 
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TLC Determination of Iodochlorhydroxyquin and Its 
Conjugate in Plasma 


P. DEL SOLDATO 


Abstract A simple, specific, reliable, and sensitive method for the 
determination of iodochlorhydroxyquin and/or its conjugate in biological 
fluids is described. The method is based on a quantitative ether-acetone 
(1:l) extraction of plasma samples followed by TLC separation, visual- 
ization, elution, and determination at  267 nm. Iodochlorhydroxyquin 
released by hydrolysis of its conjugate was analyzed. Both compounds 
are detectable in amounts as low as 0.04 pg/ml. Application of the one- 
compartment open model to the data (assuming the biotransformation 
of the drug in conjugated form) provides a pharmacokinetic profile for 
the 50-mg/kg dose of iodochlorhydroxyquin in Wistar male rats. 


Keyphrases Iodochlorhydroxyquin-and conjugate, TLC analysis, 
biological fluids TLC-analysis, iodochlorhydroxyquin and conjugate, 
biological fluids Antiamebic agents-iodochlorhydroxyquin, TLC 
analysis, biological fluids 


Iodochlorhydroxyquin (I) has been widely used for over 
30 years to treat various intestinal and vaginal infections. 
In view of debatable evidence of its neurotoxicity (1,2), it 
is surprising that a method for the determination of I 
and/or its conjugate (11) in blood is not available. This 
paper describes a fast and simple TLC procedure for the 
detection of I and I1 in biological fluids and its use in 
pharmacokinetic studies. 


EXPERIMENTAL 


Reagents and  Materials-Compound I was used as received1. All 
solvents were analytical reagent grade2, and the developing solvent [l- 
butanol-acetone-diethylamine-water (3020430)) was prepared fresh 
daily. Silica gel plates, 250 pm thick, were activated at  105O for 1 hr3. 


Instrumentation-A 250-nm UV lamp4, grating spectrophotometel5, 
and I-cm quartz microcells6 were used. 


Standard Preparation-Compound I was dissolved in acetone or 3 
N HCI. Aliquots equivalent to 1, 2, 4, and 6 pg were placed in glass- 
stoppered centrifuge tubes and evaporated to dryness under a gentle 
stream of nitrogen. Plasma, 1 ml, from untreated rats was added to each 
tube and mixed well. These standards and the appropriate blanks were 
handled in the same manner as described for the plasma specimens. 


Sample Preparation-One volume (1-5 ml) of plasma from treated 
animals and five volumes of 0.1 N NaOH were introduced into a 100-ml 


Gianni, Milan, Italy. 
2 Merck. 


Merck 60 F264. 
Mineral Light UVS 11. 
Beckman DBG. 


separator. Compound I was extracted with two 10-volume portions of 
ether-acetone (1:l v/v). 


Free I-The ether-acetone extracts were pooled, washed with five 
volumes of 0.1 N NaOH and five volumes of water, dried with sodium 
sulfate, and flash evaporated to about 5 ml. This final amount as well as 
the ether-acetone washes was transferred to a glass-stoppered centrifuge 
tube and evaporated to dryness under a gentle stream of nitrogen. The 
standards and the appropriate blanks were handled in a similar man- 
ner. 


Compound 11-The water phase was heated with one volume of 8 N 
HCl in a boiling water bath for 40 min, and three volumes of 3 N NaOH 
were added to the mixture. After the mixture was cooled a t  room tem- 
perature, I was released by hydrolysis and treated as described under Free 
1. 


TLC-Each sample was taken up in 0.1 ml of acetone. Aliquots of 0.09 
ml were spotted 2 cm from the edge of the chromatographic plate. Ali- 
quots equivalent to 1.1,2.2,4.4, and 6.6 pg of I standard acetone solution 
were also spotted on the plate. 


The chromatograms were developed in an ascending system of 1- 
hutanol-acetone-diethylamine-water (30:204:30) in a saturated atmo- 
sphere. After 90 min, the solvent front was marked and the plates were 
dried a t  room temperature. Spots of I, visualized by exposure to UV light, 
were scraped into glass-stoppered centrifuge tubes, eluted with 0.6 ml 
of 3 N HCl, and shaken every 15 min for 45 min. A similar spotless area 
(blank) was scraped off and subjected to  an identical procedure. 


The test tubes were then centrifuged a t  4000 rpm for 10 min, and the 
relative absorbance of the supernates was measured at  267 nm against 
a blank. 


Calculations-Calibration curves were prepared by plotting ab- 
sorbance a t  267 nm against a known concentration of I in either plasma 
or 3 N HCl. Values for the unknown concentration of I in plasma speci- 
mens were calculated from the slope of the standard curve. 


Drug  Administration to  Rats-Male albino Wistar rats, 200-250 g, 
were divided into eight groups of three animals each. Compound I was 
suspended in an aqueous vehicle consisting of 0.9% sodium chloride, 0.4% 
polysorhate 80, 0.5% carboxymethylcellulose sodium, and 0.9% benzyl 
alcohol and administered by gavage at  a dose of 50 mg/kg in a constant 
volume of 5 ml/kg. Blood samples were obtained by cardiac puncture by 
means of a heparinized syringe at  time intervals ranging from 30 rnin up 
to 24 hr after drug administration. Plasma samples were obtained by 
centrifugation a t  2000 rpm for approximately 10 min. 


Application to Pharmacokinetic Analysis-Experimental data were 
fitted by the method of least squares (3) applied to each exponential 
segment of the blood level-time curve. The extent of biotransformation 
of I to I1 was measured by employing a one-compartment open model 
with extravascular drug administration. The blood concentration-time 
curve of I after oral administration of 50 mg/kg in male rats is represented 
by the following biexponential equation: 


Hellrna 108/2 QS.  (Eq. 1) 
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K *  
11 4 urine, feces, milk, sweat, expired air 


K l f  


K4 body volume 
or' I - concentration 


J K 3  


I in urine, feces, milk, sweat, expired air 
Scheme I 


while that of the conjugate I1 is represented by the following triexpo- 
nential equation: 


where l o  is the intercept of the back-extrapolated monoexponential 
overall elimination line or monoexponential absorption line with the 
ordinate; t is the time intervals following I administration; and Ka, K, 
Kl ,  and KZ represent rate constants of I absorption, I overall elimination, 
I1 formation, and I1 elimination, respectively, calculated from the ap- 
propriate relationship (4). 


"he one-cotnpartment body model is illustrated in Scheme I, where 
K,, K ,  K1, and K z  are as defined and K3 is the rate constant of I excretion 
in urine, feces, milk, sweat, and expired air. I t  follows that K = K1 + 
K3. 


The goodness of fit of the one-compartment model was tested by the 
paired t test between the observed mean data a t  each time interval and 
the calculated value. 


RESULTS 


Evaluation of Assay Method-Known amounts of I were added to 
plasma or acetone. The percentage recovery of I from plasma compared 
to that from acetone directly spotted on the plate provides an accuracy 
index of 96.3% (Table I). This method is adequately specific, since it is 
unaffected by the presence of endogenous substances. 


Preliminary chromatograms of I added to plasma indicate that a re- 
covery of 100 f 2.2% can be obtained following an elution time of 45 min. 
Compound I has an R f  value of 0.58. Due to a sufficiently high molar 
absorptivity (E!Fm in 3 N HCl at  267 nm is 8521, I can be determined in 
amounts as low as 0.04-0.2 pg/ml. 


Ten determinations to assess the precision of the procedure were 
carried out on unconjugated portions of two plasma samples obtained 
at  2 and 4 hr following I administration (Table 11). Statistical evaluation 
of the data provided the following values: relativcmean standard d e  
viation (RED) = 4.0% and reproducibility limits = X f RSDt18,0.05 = X 
f 8.4% of X. The time required to determine I and I1 concentrations in 
plasma varies according to number of samples, i.e., about 4 hr for one and 
1 day for 10 samples. 


Pharmacokinetic Analysis-Experimental data shown in Fig. 1 were 
analyzed by using the proposed one-compartment open model; the cal- 


Table I-Recovery of I Added to Rat Plasma or Acetone 


Amount", pg/ml, Recovered from 
~ ~~ 


Amount of I Added, rglml Plasma Acetone 


1 0.93 0.99 
2 1.85 1.93 
4 3.92 4.06 
6 5.88 5.94 


Recovery (mean f SD) ,  % 95.41 f 3.11 99.12 f 3.74 
a Mean of three replications. 


Table 11-Assas Precision Evaluation" 
SamDle 2 hr 4 hr 


Mean 0.58 1.30 
S D  0.02 0.06 
RSD 0.34 4.61 


a See text for discussion. 


HOURS AFTER I 


Figure 1-Concentration of I in plasma of male rats at different time 
intervals after oral administration of 50 mg/kg. Key: 8,  I ;  and o, 11. 


culated pharmacokinetic parameters are: K ,  = 0.26396 h r l ,  K = 0.08994 
hr-', K l  = 0.07902 hr-', K Z  = 0.14238 hr+, and f(3 = 0.01092 hr-l, with 
half-lives of 2.6,7.7,8.8,4.9, and 63.6 hr, respectively. 


The exponential functions representing the blood level-time curve of 
I and I1 are: 


) (Eq. 3) I = 3.11739 (e-0.08994f - e-0.26396t 


I1 = 4.63386 e-0.0s994t t 1.99868 e-0.26369i 
- 6.63250 e-0.142377i (Eq. 4) 


The test for goodness of fit ( t  15) = 0.63. 


DISCUSSION 


Because of insufficient sensitivity, previous methods (S7) were limited 
to the determination of I and/or I1 in urine. The reported method is rapid, 
reliable, and sensitive enough for the determination of I and/or I1 in bi- 
ological fluids of both experimental animals and humans. The usual 
therapeutic dosage of I ranges from 500 to 750 mg three times daily (8). 
Since intestinal absorption of labeled I amounts to 43.6% of the admin- 
istered dose as calculated from urinary excretion during the 10-18-day 
observation period (9), plasma levels of I and/or I1 are well within the 
ranges of the sensitivity of this method. 


The present method has two definite advantages: ( a )  its specificity, 
because I can be determined in amounts as low as those detectable by the 
radiochemical method (10); and ( b )  its usefulness, since I and I1 can be 
determined separately. This model provides a pharmacokinetic profile 
for this oral dose of I in rats; the KO and K values indicate fairly rapid 
absorption and elimination rates. 


The very small difference between K and K1 suggests that biotrans- 
formation by the liver plays a major role in the process of irreversible drug 
elimination. Excretion of unaltered I in the urine, feces, expired air, milk, 
and sweat is insignificant. 


Results of the goodness of fit test clearly indicate that the model is 
appropriate. It could be usefully employed clinically for: ( a )  estimation 
of drug absorption following oral administration or topical application 
and, therefore, indication of potential systemic toxicity (11); and ( b )  study 
of absorption and/or metabolic disposition of I as influenced by the 
presence of other substances (12). 
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Phytochemical Investigation of 
Adenium obesum Forskal (Apocynaceae): 
Isolation and Identification of Cytotoxic Agents 


JOSEPH J. HOFFMANN * and JACK R. COLE 


Abstract 0 An ethanol extract of Adenium obesum exhibited cytotoxic 
activity against the human epidermoid carcinoma of the nasopharynx 
test system. Constituents in the active extract were identified as the 
cardenolides somalin, hongheloside A, 16-acetylstrospeside, and hong- 
helin and the flavonol3,3’-bis(O-methyl)quercetin. Their identities were 
proven by IR, UV, proton magnetic resonance, and mass spectrometry; 
elemental analyses; preparation of derivatives; and melting-point de- 
terminations. An inactive triterpene, dihydroifflaionic acid, and an in- 
active flavonol, 3-0-methylkaempferol, also were isolated and identi- 
fied. 


Keyphrases Adenium obesum--ethanol extract of aboveground parts, 
various cardenolides and flavonol isolated and identified, evaluated for 
cytotoxic activity D Cardenolides, various-isolated from ethanol extract 
of aboveground parts of Adenium obesum, evaluated for cytotoxic ac- 
tivity Flavonols-3,3’-bis(O-methyi)quercetin isolated from ethanol 
extract of aboveground parts of Adenium obesum, evaluated for cytotoxic 
activity Cytotoxic activity-evaluated in various cardenolides and 
flavonol isolated from ethanol extract of aboveground parts of Adenium 
obesum 


In the continuing search for plants having antitumor 
properties, an ethanol extract of the stems, leaves, and 
flowers of Adenium obesum Forskal (Apocynaceae)’ ex- 
hibited cytotoxic activity against the human epidermoid 
carcinoma of the nasopharynx (KB) test system2. 


DISCUSSION 


The chloroform fraction, obtained from an ethanol extract of the 
ground stems, leaves, and flowers of A. obesum by partitioning between 
chloroform and water, was systematically fractionated by solvent ex- 
tractions. The highly active ether-soluble fraction, consisting of seven 
major constituents, was subjected to multiple column chromatography, 
preparative TLC, and fractional crystallizations. 


The seven compounds were identified as the triterpene dihydroif- 
flaionic acid, the flavonols 3,3’-bis(O-methyl)quercetin and 3-0-meth- 
ylkaempferol, and the cardenolides somalin, hongheloside A, 16-acetyl- 
strospeside, and honghelin by means of IR, UV, proton magnetic reso- 


Identification was confirmed by Dr. Robert E. Perdue, Chief, Medicinal Plant 
Resources Laboratory, US. Department of Agriculture, Beltsville, Md., where a 
reference specimen (PR 26176) is maintained. The plant was collected in the Kilifi 
District of Kenya by R. W. Spjut and P. D. Ensor in November 1972. 


2 Data on the cytotoxic activity were provided through the courtesy of the Divison 
of Cancer Treatment, National Cancer Institute, National Institutes of Health, 
Bethesda, Md. 


nance (PMR), and mass spectrometry; elemental analyses; preparation 
of derivatives; and melting-point determinations. In addition, the 
structures of the flavonols were substantiated by microanalytical UV 
spectroscopy. Somalin and hongheloside A, previously isolated from other 
Adenium species (LEI), were hydrolyzed to their respective genins and 
carbohydrate moieties. 


Somalin, honghelin, hongheloside A, 16-acetylstrospeside, and 3,3’- 
bis(0-methy1)quercetin exhibited cytotoxic activities a t  levels < 0.01, 
0.02,0.035,0.035, and 3.08 pg/ml, respectively. Dihydroifflaionic acid and 
3-0-methylkaempferol were inactive. Activity in the KB test system is 
defined as ED50 5 20 pglml(6). 


EXPERIMENTAL3 


Isolation Procedure-The stems, leaves, and flowers (15 kg) of A. 
obesurn were ground to a powder and extracted exhaustively in a 
Lloyd-type extractor with petroleum ether and then with 95% ethanol. 
The air-dried ethanol extract (1.2 kg) was partitioned between chloroform 
(10 liters) and water (10 liters). The air-dried chloroform fraction (468 
g) was stirred mechanically with petroleum ether three times, the residue 
(324 g) was stirred mechanically with acetone three times, and the air- 
dried filtrate was stirred mechanically with ether three times. 


The ether-soluble fraction (100 g) was subjected to a silica gel G (1.5 
kg) column (7 X 81 cm) eluted with petroleum ether-ether-chloroform 
(1:3:1). Fractions were collected with an automatic fraction collector (25 
ml/tube) and combined according to their TLC profiles. The first frac- 
tions (A) contained dihydroifflaionic acid. The next set of fractions (B) 
consisted of a mixture of two flavonols. The third set (C) contained so- 
malin. The fourth set (D) consistea mainly of hongheloside A. 


The fifth fraction (E, 50 g) was rechromatographed on a silica gel 60 
(1.2 kg) column (6 X 70 cm) eluted with chloroform-methanol-water 
(18%12:1). The first fractions consisted of mainly 16-acetylstrospeside, 
the middle fractions contained an overlap mixture, and the latter frac- 
tions contained honghelin. 


Isolation of Dihydroifflaionic Acid-The air-dried residue of 
Fraction A was treated with petroleum ether. The resultant precipitate 
was filtered, washed with petroleum ether, dissolved in chloroform- 
petroleum ether (l:l), and stored at  5 O  overnight. The resultant powder 
was filtered and subsequently crystallized from methanol to yield stout 
white crystals of dihydroifflaionic acid, mp 259-260° [lit. (7) mp 260°]; 
mass spectrum: m/e 456 (M+) and 248 (base); IR4: u,,, 3400-3500,1700, 
1450,1390,1280,1020, and 990 cm-’; PMR4: 6 4.50 (m, lH), 3.42 (broad 


Carbon and hydrogen analyses were performed by Chemalytics, Inc., Tempe, 
Ariz. PMR, IR, UV, and mass spectral data were determined using a Varian T-60 
spectrophotometer, a Beckman IR-33, a Beckman DB-G spectrophotometer, and 
a Hitachi Perkin-Elmer double-focusing spectrometer (model RMU-GE), res ec 
tively. Melting points were determined on a Kofler hot-stage apparatus ancfar, 
uncorrected. 


These data were not reported previously. 
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GLC Determination for Ftorafur in Biological Fluids 


ELLIOTT B. HILLS", VIVIANE C. GODEFROI, 
IRVING A. O'LEARY, MATTHEW BURKE, DENIS ANDRZEJEWSKI, 
WALTER BRUKWINSKI, and JEROME P. HORWITZ 


Abstract A GLC analysis for free ftorafur was developed to follow the 
drug disposition in body fluids of patients. The free drug was extracted 
from aqueous biological samples with chloroform, derivatized by meth- 
ylation, and chromatographed on 1% HI-EFF 8BP using flame-ionization 
detection. The analysis is sensitive (0.25 pg/ml of plasma) and specific 
for the intact molecule, and it does not interfere with subsequent fluo- 
rouracil analysis of the same sample. 


Keyphrases 0 Ftorafur-GLC analysis, biological fluids 0 GLC- 
analysis, ftorafur in biological fluids 0 Antineoplastic agents-ftorafur, 
GLC analysis in biological fluids 


The antitumor agent ftorafur [l-(tetrahydro-2-fu- 
ranyl)-5-fluorouracil] (I) (1) is a prodrug form of fluo- 
rouracil(2,3). It slowly decomposes via aqueous and en- 
zymatic hydrolysis with the release of free fluorouracil. 
Thus, I has much lower toxicity than fluorouracil (five to 
seven times less) (4,5) but possesses similar activity. Ad- 
ditionally, it has a much longer half-life. These properties 
make I an ideal chemotherapeutic alternative to fluo- 
rouracil, which has the attendant difficulties of toxicity and 
a short half-life (30 min) (6). 


Despite substantial clinical work utilizing I (7-9), 
pharmacokinetic studies have been limited by the lack of 
a generally available analytical method specific for free 
intact I. Microbiological assays have been used in dispo- 
sition studies in animals and humans (10, 11). These 
methods are indirect in that they measure the amount of 
fluorouracil resulting from the I decomposition, I itself 
being essentially inactive, and the results may be high 
when compared to those obtained by instrumental meth- 
ods (3). Additionally, the microbiological assay has low 
sensitivity (0.5 pg/ml) and is time consuming, requiring 24 
hr at  5' and 18 hr at  37'. Recently, pharmacokinetic 
studies of 14C-labeled I were conducted using chromato- 
graphic and radiochemical techniques to separate and 
quantitate the drug and its metabolites (12). The reported 
half-life for I4C-labeled I was 16.8 hr. 


The present work describes an analytical method based 
on chloroform extraction of I with subsequent derivati- 
zation by methylation with a 30% solution of dimethyl- 
formamide in dimethylformamide dimethyl acetal (11)l. 
The method is applicable to blood and urine samples and 
can be performed routinely. 


EXPERIMENTAL 
Reagents-All chemicals were analytical reagent grade, and all sol- 


vents except nanograde chloroform2 were redistilled. Pyridine was dis- 
tilled first from p-toluenesulfonyl chloride and then from potassium 
hydroxide. Both pyridine and dimethylformamide were stored over 
molecular sieves3. Compound I4 and 6-3H-fluorouraci15 (specific activity 
of 7.3 Ci/mmole) were used as received. 6-3H-Labeled I was synthesized 


Aldrich Chemical Co.. Milwaukee. Wis 
2 Mallinckrodt Chemicd Works, St. Louis, Mo. 


Linde Type 3A, MC &. B Manufacturing Chemists, Cincinnati, Ohio. 
Microbiological Associates, Washington. D.C. 
New England Nuclear, Boston, Ma& 


by sodium tritoxide-tritium oxide exchange5 (13). Subsequent purifi- 
cation by instant TLC6, using methanol-chloroform (1:9), yielded 6-3H-I 
with a specific activity of 0.46 Ci/mmole. 


Synthesis of 6-2H-fluorouracil was accomplished by sodium deu- 
teroxide-deuterium oxide exchange (13). Subsequent purification by 
recrystallization from methanol and ether gave 6-2H-fluorouracil deu- 
terated to the extent of 93% as determined by mass spectral analysis of 
the trimethylsilyl derivative. 


All labeled and nonlabeled standards were prepared in absolute ethanol 
a t  concentrations permitting use of 10-2O-pl aliquots. 


Extraction of Biological Samples-Blood samples were collected 
in heparinized containers7 and centrifuged to separate the plasma. The 
plasma was then frozen until analyzed. Urine samples were collected and 
frozen directly. 


To 1.0 ml of plasma was added 4000 dpm of 63H-I and 0.758 pg of 6- 
2H-fluorouracil to serve as internal standards. After dilution with 1 ml 
of water, the pH was adjusted to 7.4 with 10 11 of pH 4.7,0.5 M acetate 
buffer/ml of plasma. The sample was then extracted three times at 0' 
with 15,8, and 8 ml of chloroform to remove I. The first two extracts were 
filtered through cotton, evaporated to dryness under nitrogen, and 
transferred with chloroform to a 6 X 50-mm test tube8 for derivatization. 
The third extraction was included only when levels of I were anticipated 
to be low. Traces of chloroform were removed from the aqueous phase 
by bubbling nitrogen through the plasma. 


The procedure of Cohen and Brennan (14) was then used to extract 
fluorouracil. This extract was further purified by instant TLC with 
methanol-chloroform (694) followed by instant TLC with methanol- 
chloroform (4060). All elutions and transfers of fluorouracil were with 
methanol. When sufficient plasma was available, analyses for I and flu- 
orouracil were carried out on separate portions of the same plasma 
sample. 


With only minor variations, urine samples were extracted in the same 
manner as described, and analyses for I and fluorouracil were performed 
on separate portions of the same sample. Prior to the chloroform ex- 
traction of I, 1.0-ml aliquots were adjusted to pH 7.4 with 1 N NaOH or 
0.5 M, pH 4.7 acetate buffer. Fluorouracil extraction was performed on 
0.5-ml urine aliquots. The addition of sodium sulfate was eliminated from 
the Cohen and Brennan (14) procedure, and the first instant TLC was 
carried out in methanol-chloroform (3:97). 


Derivatization and Measurement of Radioactivity-The evapo- 
rated I sample was dissolved in 30 ~1 of dimethylformamide. Following 
dissolution of the sample, 70 pl of I1 was added; the reaction vessel was 
then sealed in a flame without prior cooling of the solution. The reaction 
vessel was then cooled to room temperature and totally immersed in an 
oil bath a t  95' for 15 min. After cooling, 10 pl was injected into the gas 
chromatograph for analysis. An aliquot also was added to toluene phos- 
phor before determining radioactivity in a liquid scintillation spec- 
trometerg equipped with automatic external standardization to correct 
for quenching. The percent extracted was then calculated. 


Immediately prior to analysis, the dried fluorouracil sample was reacted 
with 10 pl of pyridine and 20 pl of N,O-bis(trimethylsily1)trifluoro- 
acetamide containing 1% trimethylchlorosilane (1II)'O for 10 min at  room 
temperature to form the trimethylsilyl derivative. 


GLC" and Quantitation-The 3-N-methyl derivative of I was 
chromatographed on a glass column, 1.83 m (6 ft) X 0.63 cm (0.25 in.), 
packed with 1% HI-EFF 8BP on 100-120-mesh Gas Chrom QlZ and 
conditioned at 220' for 48 hr. A flame-ionization detector also was used. 
Nitrogen carrier gas flow was maintained at 40 ml/min. The injection port 
and detector temperatures were 225 and 250°, respectively. 


ITLC SA, Gelrnan Instrument Co., Ann Arbor, Mich. 
B-D Vacutainers, Scientific Products, McGaw Park, 111. 


Packard Tri-Carb model 3380 and absolute activity analyzer model 554, 
8 T 1320-1, Scientific Products, McGaw Park, Ill. 


lo Regisil, Regis Chemical Co., Morton Grove, Ill. 
l1 Packard Instrument Co., Downers Grove, Ill. 
l2 Applied Science Laboratories, State College, Pa. 


Packard Instrument Co., Downers Grove, 111. 
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Figure 1-Plasma concentration of I (A) and fluorouracil (X) in a 
patient receiving I at  2.25 g/m2 iv over 30 min. 


The sample was injected a t  a column oven temperature of 207O, and 
the derivative eluted at approximately 7 min. Quantitation was accom- 
plished by prior and subsequent injection of a standard sample of 3- 
N-methyl I and peak height comparison. Blanks were periodically in- 
jected to test for any possible sample carryover. 


The trimethylsilyl derivative of fluorouracil was chromatographed on 
a glass column, 1.83 m (6 ft)  X 0.63 cm (0.25 in.), packed with 1% SE-30 
on 100-120-mesh Gas Chrom Q .and conditioned a t  300' for 24 hr. The 
column and injection port temperatures were 85 and 300°, respectively. 
Helium carrier gas flow was approximately 30 mllmin. The retention time 
under these conditions was approximately 6.5 min. 


Isotope dilution was used to  quantitate fluorouracil. Mass spectral3 
from mle 250 to 300 were recorded every 2 sec while the derivative was 
eluting. The fraction of deuterium in all samples was determined from 
the average of the abundances of the M - 15 ions and their associated 
isotope peaks (mle 259,260,261, and 262) in the five most intense spectra 
recorded. Spectral data for both deuterated and nondeuterated standards 
were recorded a t  the beginning and end of each day, and these data were 
used in calculating the fraction of deuterium and the amount of fluo- 
rouracil in the plasma samples determined on that day. The variation 
in the spectral data obtained from the standard samples was small; for 
example, the average value of 16 measurements of the fraction of deu- 
terium in the deuterated standard made over 45 days was 0.932 f 0.006 
(f 1 SD).  


RESULTS AND DISCUSSION 


The extraction procedure (14) yielded an interference which, upon 
repeated injection into the gas chromatograph, led to a severe loss of 
sensitivity. This interference was eliminated by instant TLC using 
methanol-chloroform (6:94) followed by instant TLC using methanol- 
chloroform (4060). The first instant TLC removed most of the inter- 
ference and all of I; removal of I is crucial since any amount will interfere 


l3 Model DISC-2, Jeol, Cranford, N.J. 
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Table I-Quantitation of I and Fluorouracil Added to Human 
Plasma 


I Fluorouracil 


Amount Amount Amount Amount 
Added, Found, Added, Found, 
rglml rglml a ccglml rglml 


5.0 4.9 f 0.1 0.100 0.105 f 0.006b 
15.0 15.4 f 0.3 0.153 0.16lC 
50.0 52 f 2 0.229 0.237c 
100 105 f 3 0.382 0.384 f 0.01 1 
200 201 f 2 0.764 0.759 f 0.029 


1.15 1.15d 
1.53 1.49d 


0 Average of five determinations f Sl).  * Average of four determinations f SU 
'Average of two determinations. 


with subsequent fluorouracil analysis. The second instant TLC further 
reduced the interference. 


Separate control experiments with both "-1 and 6-:'H-fluorouracil 
showed that the fractionation of the two drugs by chloroform extraction 
was essentially complete. No detectable amount of fluorouracil was ex- 
tracted into the chloroform layer, in agreement with previous resultv ( l l ) ,  
while less than 5% of I was picked up in the suhsequent fluorouracil ex- 
traction. 


The thermal instability of I presents special problems in derivatization 
and instrumental analysis. Attempts to chromatograph free I on various 
columns (1% SE-30,3% OV-I ,  and 3% OV-17) resulted in very low sen- 
sitivity. Attempts to form a trimethylsilyl derivative with a 5050 mixture 
of III and pyridine were unsuccessful. TLC of the evaporated reaction 
mixture showed only I, while injection of this reaction mixture onto the 
gas chromatograph (injection port temperatures of 150, 200, 250, and 
300") resulted in I decomposition with the formation of the trimethylsilyl 
derivative of fluorouracil to the extent of 10-20%, necessitating the 
complete removal of 1 prior to subsequent fluorouracil analysis. The 
trimethylsilyl derivative of I was not detected. Treatment of the methyl 
derivative of I in the same manner did not result in the formation of a 
detectable quantity of 1-trimethylsi1yl-3-N-methyl-5-fluorouraci1, even 
though such a derivative is formed from 3-N-methyl-5-fluoroucil. Thus, 
the methyl derivative is stable under the GLC conditions. 


The methylation reaction is quantitative [>97% complete by TLC on 
silica gel F-254I4 using methanolxhloroform (1:4 v/v)] with no apparent 
decomposition of I or its derivative. GLC analysis showed that varying 
the amount of dimethylformamide from 20 to 4096 had no effect on the 
reaction; however, use of pure 11 alone gave erratic results. At 90°, the 
reaction was complete after 15 min; at  95 and 100". only 5 min was re- 
quired. Running the reaction at 95 or 100" for 20 min caused no detectable 
decomposition of the methyl derivative. 


The derivativestructure was established as l-(tetrahydro-2-furanyl)- 
3-N-methyl-5-fluorouracil, in agreement with previous results with the 
same reagent and similar compounds (15). NMRIS analysis in deutero- 
chloroform showed a doublet at  442 Hz with a relative area of 1 (Hc), a 
multiplet at 357 Hz with a relative area of I (HI'), a multiplet at  245 Hz 
with a relative area of 2 ( H l ) ,  a singlet at  200 Hz with a relative area of 
3 (NCH:,), and a multiplet at 123 Hz with a relative area of 4 (H2'and Hs'). 
The UV spectrum had a maximum at 270 nm (c  7991) and a minimum 
a t  237 nm (t 1854). Characteristic ions in the mass spectrum of the de- 
rivative were the molecular ion at  mle 214 (13% relative abundance), the 
base + H and base + 2H at mle 144 (2) and 145 (4), and the tetrahydro- 
furanyl moiety a t  m/e 71 (100). The corresponding ions occurred in the 
mass spectrum of I at about the same relative intensities. 


Figure 1 shows data obtained from a patient receiving 2.25 g/m2 iv of 
1 over 30 min. Its plasma disappearance was biphasic with a 8-phase 
half-life of 5 hr, which differed significantly from the value of 18.6 hr 
obtained for the median half-life of I4C-labeled 1 in humans receiving 50 
mg/m' (9). Data obtained from seven patients in this laboratory indicate 
an average half-life of 6.7 hr for 1. The plasma fluorouracil level from 2 
to 24 hr was similar to levels previously obtained in patients receiving 
a continuous intravenous infusion of fluorouracil at  1100 mg/m2/24 hr 
for 72-96 hr16. 


Compound I (90 mg) isolated from 1.5 liters of combined urine from 
nine patients showed no optical activity, indicating no enzymatic pref- 


One determination. 


Brinkmann Instruments, Westbury, N.Y. 
l5 Varian A-60, Palo Alto, Calif. 
l6 Unpublished data obtained in this laborato in cooperation with the Milton 


A. Darling Memorial Center, The Grace Hospitay Detroit, Mich. 







erence for either enantiomer. This result is in agreement with results 
obtained previously with human cell cultures and each pure enantiomer 
as well as the racemic mixture. No significant difference in the cytotoxic 
effects or the relative abilities to prevent an increase in cell numbers was 
observed with the three forms (16). 


Control runs with plasma blanks showed no interferences with either 
the I or fluorouracil procedure. The accuracy and the concentration range 
over which both methods were tested are indicated in Table I. The cor- 
relation coefficients for the amount added uersus the amount calculated 
in Table I are 0.999 for both sets of data, indicating that both analyses 
are linear in the concentration ranges tested. The methods as outlined 
permit the detection of 0.25 pg of I and 0.025 pg of fluorouracil/ml of 
plasma and are specific for the intact molecules. The sensitivity and 
applicability of these analyses indicate that they are suitable for these 
types of studies, and clinical investigations utilizing these procedures are 
currently being performed. 
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Estimation of Pharmacokinetic Parameters from Postinfusion 
Blood Level Data Obtained after Simultaneous 
Administration of Intravenous Priming and 
Infusion Doses 


SAMPAT M. SINGHVI 


Abstract 0 Occasionally, it is desirable to attain steady-state blood drug 
levels rapidly in pharmacokinetic studies as well as in the treatment of 
certain diseases. In these cases, it is useful to administer an intravenous 
priming dose in combination with continuous drug infusion. Mathe- 
matical relationships are presented for the determination of phar- 
macokinetic parameters in these situations using postinfusion blood drug 
level data. The parameters obtained by this method are identical to the 
parameters obtained after a rapid intravenous injection of a drug. 


Keyphrases Pharmacokinetic parameters-determined from post- 
infusion blood level data after simultaneous intravenous priming and 
infusion doses 0 Dosage regimens-simultaneous intravenous priming 
and infusion doses, pharmacokinetic parameters determined from 
postinfusion blood level data 


Methods for the assessment of pharmacokinetic pa- 
rameters from postinfusion blood level data obtained after 
continuous intravenous infusion were presented previously 
(1). However, in practice, a rapid intravenous priming dose 
is often given simultaneously with the beginning of a 


If: 


continuous infusion to achieve steady-state blood drug 
levels rapidly in the body. This paper presents the treat- 
ment of postinfusion blood concentration data for the es- 
timation of pharmacokinetic parameters in those in- 
stances. 


THEORY AND DISCUSSION 


Two-Compartment Model-For a drug that exhibits the charac- 
teristics of a two-compartment open model (Scheme I), the decay of blood 
concentration, Cp(bluS), with time t , after a rapid intravenous injection 
(assuming first-order elimination and distribution kinetics) can be ex- 
pressed as (2): 


(Es. 2) 


Vol. 66, No.  10, October 1977 / 1499 








6-H), 6.77 (m, 1 ,  indole-7-H), 6.93 (m, 1, indole-4-H), and 7.65 (ABq, 4, 
benzoyl ArH) ppm; pKa 4.11. 


Anal.-Calc. for C2lH20N205: C, 66.30; H, 5.30; N, 7.37. Found: C, 
66.25; H, 5.38; N, 7.31. 


Z-(m-Acetamidobenzoyl)-5-methory-2-methyl-3-indolylacetic Acid 
(V)-Compound V was prepared in 77.8% yield from VIIb and acetic 
anhydride by Method A. Recrystallized from benzene-chloroform, the 
product had a melting point of 135’; IR (KBr): 3440 (NH), 1710 (C02H), 
1670 (C=O, secondary amide), and 1650 (C=O, tertiary amide) cm-’; 
NMR (60 MHz) (dimethyl sulfoxide-ds): d 2.07 (s, 3, COCHs), 2.25 (s,3,  
indole-CHs), 3.67 (s, 2, CH&02H), 3.80 (s, 3, CHsO), 6.63-7.13 (m, 3, 
indole-H), and 7.33-7.97 (m, 4, benzoyl ArH) ppm. 


Anal.-Calc. for C21H2oN205: C, 66.30; H, 5.30; N, 7.37. Found: C, 
65.80; H, 5.34; N, 7.29. 


Reactivity of I1 and IV toward L-Tryptophan-L-Tryptophan was 
shaken at  37O for 24 hr with an equimolar quantity of I1 or IV in 67 mM 
phosphate buffer (pH 7.4). TLC revealed no products of reaction between 
either I1 or IV and L-tryptophan. 
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Rectal Absorption of Nitrofurantoin 


EUGENE L. PARROTTX and LLOYD E. MATHESON, Jr. 


Abstract 0 The absorption in humans of nitrofurantoin from seven 
suppository bases was studied using urinary excretion measurements. 
Rectal absorption was poorer than GI absorption. The administration 
of 400 mg of nitrofurantoin in a polyethylene glycol-polysorbate 80 
suppository base and in a polyethylene glycol-silica suppository base 
provided an adequate urinary concentration of nitrofurantoin. Persons 
who cannot tolerate orally administered nitrofurantoin due to gastric 
upset could receive nitrofurantoin therapy rectally. 


Keyphrases 0 Nitrofurantoin-rectal absorption, effect of various 
suppository bases, humans Absorption, rectal-nitrofurantoin, effect 
of various suppository bases, humans 0 Antibacterials, urinary-nitro- 
furantoin, rectal absorption, effect of various suppository bases, hu- 
mans 


Nitrofurantoin is an antibacterial agent used widely in 
the treatment of urinary tract infections (1). Between 30 
and 50% of an oral or intravenous dose can be recovered 


intact from the urine (2). The efficacy of nitrofurantoin 
depends on attaining an adequate concentration of drug 
in the urine. 


Patients receiving nitrofurantoin may exhibit emesis 
and be deprived of an effective medication. Macrocrystals 
of nitrofurantoin improved GI tolerance without inter- 
fering with clinical efficacy (3). An optimal average crystal 
size of 150 mesh (80-200-mesh size fraction) reduced the 
incidence of emesis while still permitting ample urinary 
excretion for efficacy (4). The larger crystals dissolved 
more slowly than the smaller crystals and, since dissolution 
is the rate-limiting step for slightly soluble drugs, nitro- 
furantoin absorption was slower. 


The purpose of this study was to investigate the rectal 
absorption of nitrofurantoin and to determine if nitro- 
furantoin could be administered in a suppository to per- 
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Table I-Formulas for  Suppositories Containing 400 mg of 
Nitrofurantoin 


Formula Ingredient Amount, g 


7 
5 100- 
3 
0 
2 
a 80- 
0 
W 


IT 
X 
W 
ui 


t; 
v 60- 


40-  


f 


B Theobroma oilR 1.40 
K Lecithin and dried wheyb 0.50 


Theobroma oil 1.00 
D Polyoxyethylene 4 sorbitan 


monostearate' 1.57 
Glyceryl monolaurated 0.17 


B-7 Polyethylene glycol 1540' 0.70 
Polyethylene glycol 6000 0.97 
Polyethylene glycol 400 0.42 


C Polyethylene glycol 1540 0.66 
Polyethylene glycol 6000 0.92 
Polyethylene glycol 400 0.40 
Sodium bicarbonate 0.14 


L Polyethylene glycol 1540 0.66 
Polvethvlene elvcol6000 0.92 
PoGethilene col400 0.40 


0.66 
Polyethylene glycol 6000 0.92 
Polvethvlene elvcol400 0.40 


Colloidal silica P 
T Polyethylene glycol 1540 


PoGsorbate 8 6 i  0.20 


Hershey's. * Leciflow, Kraftco Corp. Tween 61, ICI United States Inc. Aldo 
MLD, Glyco Chemicals. Carbowax, Union Carbide Chemicals. f Cab-0-Sil, G.L. 
Cabot Corp. 8 Tween 80, ICI United States Inc. 


sons who otherwise would be deprived of nitrofurantoin 
therapy because of GI intolerance. 


EXPERIMENTAL 


Dosage Forms-Nitrofurantoin' was classified by a sonic sifter2, and 
the 230-325-mesh size fraction (53 pm) was used throughout the exper- 
iment. Two hundred milligrams of nitrofurantoin without excipients was 
placed in a No. 2 gelatin capsule. 


The formulations for the suppositories are given in Table I. The sup- 
positories were prepared by the cold compress method3 when feasible; 
suppositories containing polyethylene glycols were prepared by the fusion 
method. For Formula L, the powder to be incorporated into the sup- 
pository base was prepared by dissolving the nitrofurantoin in alcohol, 
suspending the silica in the liquid, and evaporating the solvent in a stream 
of air. The solid, which consisted of 20% silica and 80% nitrofurantoin, 
was then passed through a 100-mesh screen (5). 


The percent of nitrofurantoin dissolved from the dosage form was 


g o t  / 


0 8 0 .  
W 2 70- 


60. 


5 0 -  + z 
w 40 * 
0 
K 


P 


- 


w 30 - 
20 . 


10 


5 10 15 20 25 30 35 40 45 50 55 60 
MINUTES 


Figure 1-Dissolution profiles in 16 liters of water at 37O of 400 mg of 
nitrofurantoin from several dosage forms. Key: 0, gelatin capsule; A, 
polyethylene glycol-sodium bicarbonate; a, polyethylene glycol; O, 
polyethylene glycol-polysorbate 80; m, polyethylene glycol-silica; 0,  
lecithin and dried whey; and A, theobroma oil. 


si ma lot 43C-1550. 
Alfen-Bradley. 
Apfelbaum machine. 


Table 11-Dosage Forms Administered to Subjects 


Subject Dosage 


EP 400 mg PO; 400 mg in five suppository bases (T, L, C, B, and D); 


RW 400 mg PO; 400 mg in two suppository bases (T and B-7) 
SB 400 mg PO; 400 mg in two suppository bases (T and B-7) 
MS 400 mg PO; 400 mg in two suppository bases (T and B) 
SK 400 mg PO; 400 mg in two suppository bases (K and B) 
KS 400 mg PO; 400 mg in two suppository bases (L and B-7) 
TI  400 mg PO; 400 mg in two suppository bases (L and B) 


65 mg PO 


determined using the USP disintegration apparatus. The dosage form 
was placed in the apparatus and held in a single glass cylinder by means 
of plastic tubing bent in the upper end of the cylinder to prevent the es- 
cape of the dosage form. The disintegration apparatus operated in 16 
liters of distilled water a t  37" contained in a 30 X 30-cm cylindrical jar. 
Samples were removed by a pipet fitted with a sintered-glass filter. The 
samples were analyzed, and the percent dissolved at each interval of time 
was calculated (Fig. 1). 


Analytical Method-The analysis of the urine samples was carried 
out by the method of Conklin and Hollifield (6) on the day of collection. 
To protect the nitrofurantoin from light, amber glassware was used. 


Protocol-Seven healthy male human subjects, 25-51 years old and 
62-77 kg, were studied. Four hundred milligrams of nitrofurantoin in 
gelatin capsules was administered orally after arising and voiding the 
bladder. Subjects were ambulatory and ingested food as desired. It was 
recommended that a minimum of 150 ml of water be ingested hourly. 


Urine samples were collected at  1-hr intervals for 14 hr. Volumes were 
measured, and aliquots were retained in amber vials for analysis. The pH 
of the urine was determined at  the time of each sample collection and 
ranged from 5 to 7.5. No attempt was made to control the urinary pH. 


After 1 week, a suppositorqtcontaining the same dose of nitrofurantoin 
was administered rectally, and the urine samples were collected according 
to the protocol. All suppositories were identified by code, and the drug 
was not identified for the subjects. After another week, a suppository 
containing the same dose of nitrofurantoin in a different suppository base 
was administered rectally, and the urine samples were collected according 
to the protocol. Each subject served as his control in the comparison of 
the urinary excretion of the drug from the oral and rectal administrations. 
Subjects received nitrofurantoin according to the schedule of dosage 
forms given in Table 11. 


RESULTS AND DISCUSSION 


For the seven subjects, the fraction of the 400-mg oral dose of nitro- 
furantoin recovered in the urine in 24 hr ranged from 0.22 to 0.54, with 


l Z O  t 


2oLzzz.!z 1 2 3 4 5 6 7 8 9 10 


HOURS 


Figure 2-Cumulatiue amount of nitrofurantoin excreted in the urine 
after oral and rectal administrations as a function of time. Key: 0 ,400 
mgpo in a capsule; 0 , 6 5  mgpo in a capsule; and A, 400 mg rectally in 
theobrorna oil. 
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Figure 3-Cumulative amount of nitrofurantoin excreted in the urine 
of Subject EPafter oral and rectal administrations as a function of time. 
Key: 1, latest urine sample having a concentration exceeding 1:100,000; 
0,  65 mg PO in a capsule; 0, polyethylene glycol-polysorbate 80; 0, 
polyethylene glycol-silica; A, polyethylene glycol-sodium bicarbonate; 
A, theobroma oil; and a, sorbitan monostearate-glyceryl monolau- 
rate. 


an average of 0.39. Nitrofurantoin is bacteriostatic in concentrations as 
low as 1:100,000-1:200,000 (7). A nitrofurantoin concentration of ap- 
proximately 30 pg/ml(1:40,000) reportedly will eradicate a t  least 90% of 
the strains of Escherichia coli (8). In the seven subjects studied, the 
concentration of nitrofurantoin exceeded 1:40,000 for 7-9 hr, with an 
average of 8.6 hr, after a single oral administration of 400 mg of nitro- 
furantoin. 


Nitrofurantoin frequently causes nausea and/or emesis. In this study, 
the administration of a single oral 400-mg dose of nitrofurantoin caused 
gastric upset in four of eight subjects (one subject withdrew). Rectal 
administration of 400 mg of nitrofurantoin provided poor absorption (Fig. 
2); however, even though the fraction of the dose recovered in the urine 
was 0.02, the concentration of the nitrofurantoin in the urine exceeded 
1:100,OOO for 4 hr after insertion of the suppository. This result suggested 
that the administration of a large dose (400 mg) in a suitable suppository 
base might provide an adequate bacteriostatic concentration in the urine 
without gastric upset from three or four daily insertions. 


In the preliminary stage, five suppository bases were used to administer 
400 mg of nitrofurantoin rectally to Subject EF. The cumulative amount 
excreted and the concentration in the urine were compared to the amount 


1 2 3 4 5 6 7 8 9  
HOURS 


Figure 4-Comparison of effect of suppository formulation on cumu- 
lative amount of nitrofurantoin excreted. Key: 1, latest urine sample 
having a concentration exceeding 1:100,000; 0, polyethylene glycol- 
polysorbate 80; 0, polyethylene glycol; -, Subject RW; and - - - ,  
Subject SB. 


L 
1 2 3 4 5 6 7 8 9  


HOURS 


Figure 5-Comparison of effect of suppository formulation OR cumu- 
lative amount of nitrofurantoin excreted. Key: 1, latest urine sample 
having a concentration exceeding 1:100,000; 0, polyethylene glycol- 
silica; 0, polyethylene glycol; A, theobroma oil; -, Subject KS; and - - - , 
Subject TI. 


and concentration after the administration of 65 mg of nitrofurantoin 
orally (Fig. 3). Formulas B, C, and D were unsatisfactory. Formulas L and 
T provided approximately 5% recovery of the administered dose in the 
urine, with the maximum amount released in the 4th hr of urine collec- 
tion. The concentration of nitrofurantoin in the urine was 1:32,000 in the 
6-hr collection with the polyethylene glycol-polysorbate 80 base (Formula 
T) and 1:34,000 in the 9-hr collection with the polyethylene glycol-silica 
base (Formula L). 


For Subjects RW and SB 9 hr after administration, 1.7 and 3.3 times 
as much nitrofurantoin were eliminated in the urine from Formula T as 
from the polyethylene glycol base (Formula B-7) (Fig. 4), respectively. 
The amount of nitrofurantoin absorbed from the polyethylene glycol base 
was not sufficient to provide a bacteriostatic concentration. The amount 
of nitrofurantoin absorbed from the polyethylene glycol-polysorbate 80 
base provided a concentration exceeding 1:100,000 until at least the 5th 
hr after insertion in Subjects EP, RW, and SB. 


The volume of fluid in the rectum is only several milliliters. As a con- 
sequence of the limited fluid and the very slight solubility of nitro- 
furantoin, only a small part of the 400 mg administered rectally is dis- 
solved. Thus, the apparently poor rectal absorption of nitrofurantoin is 
probably due to the severe restrictions on dissolution of the drug from 
the suppository base. The addition of a surface-active agent to a dosage 
form containing a hydrophobic drug often increases dissolution (9-12). 
With Formula T, polysorbate 80 reduced interfacial tension and thereby 
promoted wetting and/or deaggregation of nitrofurantoin. 


For Subject KS 9 hr.after administration, 1.8 times as much nitro- 
furantoin was eliminated in the urine from the polyethylene glycol-silica 
base (Formula L) as from the polyethylene glycol base (Formula B-7) 
(Fig. 5). With the latter, the concentration of nitrofurantoin in the urine 
exceeded 1:40,000 for only 1 hr. The concentration exceeded 1:40,000 for 
6 hr after the insertion of a polyethylene glycol-silica base suppository. 
A similar elimination pattern is shown in Fig. 3. For Subject TI 9 hr after 
administration, 1.5 times as much nitrofurantoin was eliminated in the 
urine from Formula L as from the theobroma oil base (Formula B) sup- 
pository (Fig. 5). 


If a hydrophobic drug is dispersed by means of a volatile organic solvent 
onto the surface of fumed silicon dioxide and then the mixture is dried, 
the resulting small size of the drug and the concomitant increase in sur- 
face area greatly increase the surface available for contact with the dis- 
solution medium, Thus, adsorbents facilitate the dissolution process of 
relatively insoluble drugs (5). 


In Subject MS, the amount of nitrofurantoin eliminated in the urine 


HOURS 


Figure 6-Comparison of effect of suppository formulation on cumu- 
lative amount of nitrofurantoin excreted in Subject MS. Key: 0, poly- 
ethylene glycol-polysorbate 80; and 0,  theobroma oil. 
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SUMMARY 


The usual adult dose of nitrofurantoin is 50-100 mg four times a day. 
If doses of nitrofurantoin several times the usual oral dose are adminis- 
tered with the same frequency rectally, adequate concentration of ni- 
trofurantoin in the urine is attained. In this preliminary investigation, 
400 mg of nitrofurantoin administered in a polyethylene glycol-poly- 
sorbate 80 suppository base and in a polyethylene glycol-silica supposi- 
tory base provided an adequate concentration in the urine. Persons who 
exhibit nausea and emesis after oral administration of nitrofurantoin 
possibly could receive nitrofurantoin therapy by the rectal route. 


L 


HOURS 


Figure 7-Comparison of effect of suppository formulation of cumu- 
lative amount of nitrofurantoin excreted in Subject SK. Key: 0, lecithin 
and dried whey product; and 0 ,  theobroma oil. 


from Formula T was greater than that from Formula B (Fig. 6); however, 
in this subject, both bases provided an adequate bacteriostatic concen- 
tration in the urine. 


The amount of nitrofurantoin released from Formula D (Fig. 3) was 
so small that further investigation was not attempted. 


Formula K provided a slightly greater amount of nitrofurantoin in the 
urine than the theobroma oil base suppository (Fig. 7). The dissolution 
profile of the theobroma oil base suppository suggested poor bioavail- 
ability, which was confirmed by in vivo data. In water at body tempera- 
ture, the nitrofurantoin-theobroma oil suppository melted and formed 
a tacky mass from which the nitrofurantoin was slowly dissolved. With 
the limited fluid in the rectum, dissolution of the nitrofurantoin from the 
tacky mass was a very slow process. By mixing a lecithin and dried whey 
product with theobroma oil, it was hoped that the surface activity of the 
lecithin and the water solubility of the whey might enhance nitrofurantoin 
release. In measuring the dissolution profile, it was noticed that the mass 
was not tacky and that the release was slightly faster. Similarly, in the 
in vivo test, the amount of nitrofurantoin eliminated in the urine was 
slightly greater than that from the theobroma oil base. 
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Electronic Absorption Spectra and 
Protolytic Equilibria of Doxorubicin: Direct Spectrophotometric 
Determination of Microconstants 


ROY J. STURGEON * and STEPHEN G. SCHULMAN ** 


Abstract The ground- and excited-state dissociation constants and 
the electronic absorption and fluorescence spectra of doxorubicin were 
investigated by spectrophotometry. A general method for the direct 
calculation of individual microscopic dissociation constants was derived 
using the spectrophotometric data obtained. It was concluded that the 
protonated amino sugar group is slightly more acidic than the phenolic 
group. The spectrophotometric data were analyzed, and the macro- and 
microconstants for the various equilibria are reported. 
Keyphrases Doxorubicin-electronic absorption and fluorescence 


Molecules containing a quinone moiety have been widely 
employed in trace analysis, dye manufacturing, and 
metal-ligand binding. In pharmaceutical applications, 


spectrophotometric determination of dissociation constants and proto- 
lytic equilibria Spectrophotometry, electronic absorption and fluo- 
rescence-determination, doxorubicin dissociation constants and pro- 
tolytic equilibria 0 Dissociation constants-doxorubicin, electronic 
absorption and fluorescence spectrophotometric determination Pro- 
tolytic equilibria-doxorubicin, electronic absorption and fluorescence 
spectrophotometric determination 0 Antineoplastic agents--doxoru-. 
bicin, electronic absorption and fluorescence spectrophotometric de- 
termination of dissociation constants and protolytic equilibria 


molecules such as the naphthoquinones (1) and the an- 
thraquinones have shown promise as antifungal and an- 
tibacterial agents. Of more recent importance is the use of 


958 I Journal of Pharmaceutical Sciences 








(8) “AMA Drug Evaluations,” 2nd ed., Publishing Sciences Group, 
Acton, Mass., 1973, p. 620. 


(9) K. Liewendahl and B. A. Lamberg, Nucl. Med. Isotope Med. Biol., 
6.20 (1967). 


(10) K. Schmid, G. Krinke, F. Fruth, and H. Keberle, Arzneim.- 
Forsch., 23,1560 (1973). 


(11) D. R. Lawrence and A. L. Bachrach, “Evaluation of Drug Ac- 
tivities: Pharmacometrics,” vol. I, Academic, London, England, 1964, 
p. 155. 


(12) S. Riegelman, in “Principles and Techniques of Human Research 


and Therapeutics,” vol. 3, F. G. Mc Mahon, Ed., Futura, Mount Kisco, 
N.Y., 1974, p. 29. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 3, 1976, from the Pharmacology Department, A. 


Accepted for publication November 4,1976. 
The author is indebted to Professor A. Meli, Research Director, for his 


Menarini Pharmaceuticals Research Laboratories, Florence, Italy. 


interest and advice. 


Phytochemical Investigation of 
Adenium obesum Forskal (Apocynaceae): 
Isolation and Identification of Cytotoxic Agents 


JOSEPH J. HOFFMANN * and JACK R. COLE 


Abstract 0 An ethanol extract of Adenium obesum exhibited cytotoxic 
activity against the human epidermoid carcinoma of the nasopharynx 
test system. Constituents in the active extract were identified as the 
cardenolides somalin, hongheloside A, 16-acetylstrospeside, and hong- 
helin and the flavonol3,3’-bis(O-methyl)quercetin. Their identities were 
proven by IR, UV, proton magnetic resonance, and mass spectrometry; 
elemental analyses; preparation of derivatives; and melting-point de- 
terminations. An inactive triterpene, dihydroifflaionic acid, and an in- 
active flavonol, 3-0-methylkaempferol, also were isolated and identi- 
fied. 


Keyphrases Adenium obesum--ethanol extract of aboveground parts, 
various cardenolides and flavonol isolated and identified, evaluated for 
cytotoxic activity D Cardenolides, various-isolated from ethanol extract 
of aboveground parts of Adenium obesum, evaluated for cytotoxic ac- 
tivity Flavonols-3,3’-bis(O-methyi)quercetin isolated from ethanol 
extract of aboveground parts of Adenium obesum, evaluated for cytotoxic 
activity Cytotoxic activity-evaluated in various cardenolides and 
flavonol isolated from ethanol extract of aboveground parts of Adenium 
obesum 


In the continuing search for plants having antitumor 
properties, an ethanol extract of the stems, leaves, and 
flowers of Adenium obesum Forskal (Apocynaceae)’ ex- 
hibited cytotoxic activity against the human epidermoid 
carcinoma of the nasopharynx (KB) test system2. 


DISCUSSION 


The chloroform fraction, obtained from an ethanol extract of the 
ground stems, leaves, and flowers of A. obesum by partitioning between 
chloroform and water, was systematically fractionated by solvent ex- 
tractions. The highly active ether-soluble fraction, consisting of seven 
major constituents, was subjected to multiple column chromatography, 
preparative TLC, and fractional crystallizations. 


The seven compounds were identified as the triterpene dihydroif- 
flaionic acid, the flavonols 3,3’-bis(O-methyl)quercetin and 3-0-meth- 
ylkaempferol, and the cardenolides somalin, hongheloside A, 16-acetyl- 
strospeside, and honghelin by means of IR, UV, proton magnetic reso- 


Identification was confirmed by Dr. Robert E. Perdue, Chief, Medicinal Plant 
Resources Laboratory, US. Department of Agriculture, Beltsville, Md., where a 
reference specimen (PR 26176) is maintained. The plant was collected in the Kilifi 
District of Kenya by R. W. Spjut and P. D. Ensor in November 1972. 


2 Data on the cytotoxic activity were provided through the courtesy of the Divison 
of Cancer Treatment, National Cancer Institute, National Institutes of Health, 
Bethesda, Md. 


nance (PMR), and mass spectrometry; elemental analyses; preparation 
of derivatives; and melting-point determinations. In addition, the 
structures of the flavonols were substantiated by microanalytical UV 
spectroscopy. Somalin and hongheloside A, previously isolated from other 
Adenium species (LEI), were hydrolyzed to their respective genins and 
carbohydrate moieties. 


Somalin, honghelin, hongheloside A, 16-acetylstrospeside, and 3,3’- 
bis(0-methy1)quercetin exhibited cytotoxic activities a t  levels < 0.01, 
0.02,0.035,0.035, and 3.08 pg/ml, respectively. Dihydroifflaionic acid and 
3-0-methylkaempferol were inactive. Activity in the KB test system is 
defined as ED50 5 20 pglml(6). 


EXPERIMENTAL3 


Isolation Procedure-The stems, leaves, and flowers (15 kg) of A. 
obesurn were ground to a powder and extracted exhaustively in a 
Lloyd-type extractor with petroleum ether and then with 95% ethanol. 
The air-dried ethanol extract (1.2 kg) was partitioned between chloroform 
(10 liters) and water (10 liters). The air-dried chloroform fraction (468 
g) was stirred mechanically with petroleum ether three times, the residue 
(324 g) was stirred mechanically with acetone three times, and the air- 
dried filtrate was stirred mechanically with ether three times. 


The ether-soluble fraction (100 g) was subjected to a silica gel G (1.5 
kg) column (7 X 81 cm) eluted with petroleum ether-ether-chloroform 
(1:3:1). Fractions were collected with an automatic fraction collector (25 
ml/tube) and combined according to their TLC profiles. The first frac- 
tions (A) contained dihydroifflaionic acid. The next set of fractions (B) 
consisted of a mixture of two flavonols. The third set (C) contained so- 
malin. The fourth set (D) consistea mainly of hongheloside A. 


The fifth fraction (E, 50 g) was rechromatographed on a silica gel 60 
(1.2 kg) column (6 X 70 cm) eluted with chloroform-methanol-water 
(18%12:1). The first fractions consisted of mainly 16-acetylstrospeside, 
the middle fractions contained an overlap mixture, and the latter frac- 
tions contained honghelin. 


Isolation of Dihydroifflaionic Acid-The air-dried residue of 
Fraction A was treated with petroleum ether. The resultant precipitate 
was filtered, washed with petroleum ether, dissolved in chloroform- 
petroleum ether (l:l), and stored at  5 O  overnight. The resultant powder 
was filtered and subsequently crystallized from methanol to yield stout 
white crystals of dihydroifflaionic acid, mp 259-260° [lit. (7) mp 260°]; 
mass spectrum: m/e 456 (M+) and 248 (base); IR4: u,,, 3400-3500,1700, 
1450,1390,1280,1020, and 990 cm-’; PMR4: 6 4.50 (m, lH), 3.42 (broad 


Carbon and hydrogen analyses were performed by Chemalytics, Inc., Tempe, 
Ariz. PMR, IR, UV, and mass spectral data were determined using a Varian T-60 
spectrophotometer, a Beckman IR-33, a Beckman DB-G spectrophotometer, and 
a Hitachi Perkin-Elmer double-focusing spectrometer (model RMU-GE), res ec 
tively. Melting points were determined on a Kofler hot-stage apparatus ancfar, 
uncorrected. 


These data were not reported previously. 
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t, 16 Hz, lH), 1.23 (s, 6H), 1.01 (s,3H), 1.10 (s, 6H), 1.00 (d , J  = 5 Hz, 3H), 
and 0.80 (s. 3H) mm.  I r  


Anal.-&&. for C30H4803: C, 78.89; H, 10.59; mol. wt. 456. Found: C, 
78.65; H, 10.58; mle 456 (M+). 


Acetate of Dihydroifflaionic Acid-Acetylation of dihydroifflaionic 
acid with acetic anhydride in pyridine at  room temperature for 48 hr 
yielded the acetate, which crystallized directly from water, mp 189-191’; 
mass spectrum: m/e 498 (M+) and 207 (base); IR: vmax 1735 and 1245 
cm-l. 


Methyl Ester of Dihydroifflaionic Acid-Esterification of dihy- 
droifflaionic acid with diazomethane yielded crystals from methanol, mp 
209-210’ Bit. (8) mp 207-209’1; mass spectrum: m/e 470 (M+) and 262 
(base); I R  uma, 1730 and 1130-1140 cm-l. 


Methyl Ester of Acetyldihydroifflaionic Acid-Esterification of 
acetyldihydroifflaionic acid with diazomethane yielded crystals from 
methanol, mp 228-230’; PMR: 6 3.60 (s, 3H), 2.03 (s, 3H), and 4.50 (broad 
t, 16 Hz, 1H) ppm. 


Isolation of 3,3’-Bis( 0-methy1)quercetin-A chloroform solution 
of Fraction B was treated with an equal volume of petroleum ether. The 
resultant precipitate was filtered and separated into two flavonols on 
preparative TLC plates developed in dichloromethane-methanol(964). 
The upper spot was recovered and purified on preparative TLC plates 
developed in chloroform-methanol-water (18812:l). The recovered 
material was crystallized from 95% ethanol to yield yellow needles, mp 
256-259’ [lit. (9) mp 258-259’1; IR4: urnax 3100-3190,1650,880, and 810 
cm-l; PMR4: 6 12.73 (8, lH), 10.80 (broad s, lH), 10.40 (broads, lH), 7.62 
( d , J  = 2 Hz, 1H),7.56 ( d , J  = 7 Hz,lH),6.97 ( d d , J  = 7and lHz, lH) ,  
6.45 ( d , J  = 2 Hz,lH),6.20 (d , J  = 2Hz,lH),3.87 (s,3H),and3.80(~,3H) 
ppm. The UV data were consistent with the literature data (10). 


Anal.-Calc. for C17H1407: C, 61.82; H, 4.28; mol. wt. 330. Found C, 
62.14; H, 4.61; m/e 330 (M+). 


3,3’-Bis( 0-methy1)quercetin Triacetate-Acetylation of 3,3’- 
bis(0-methy1)quercetin with acetic anhydride in pyridine at  room tem- 
perature for 24 hr yielded the triacetate. Crystallization from methanol 
yielded white needles, mp 195’ [lit. (11) mp 195’1; IR: urnax 1760 and 1200 
cm-1. 


Isolation of’ 3-0-Methylkaempferol-The lower spot from the 
previous preparative TLC plates was purified in the same manner. The 
recovered material was crystallized from methanol to yield yellow 
platelets, mp 270-272’ [lit. (12) mp 270-272’1; PMR b 12.73 (s, lH), 10.80 
(broads, lH), 10.40 (broad s, lH), 7.95 (dd, 2H), 6.88 (dd, 2H), 6.45 (d, 
J = 2 Hz, lH), 6.20 (d, J = 2 Hz, lH), and 3.80 (s,3H) ppm. The UV and 
IR data were identical to the literature data (13,14). 


Anal.-Calc. for C1&1206: C, 64.00; H, 4.03; mol. wt. 300. Found C, 
64.21; H, 4.61; m/e 300 (M+). 


3-0-Methylkaempferol Triacetate-Acetylation of 3-0-methyl- 
kaempferol with acetic anhydride in pyridine at  room temperature for 
24 hr yielded the triacetate. Recrystallization from petroleum ether and 
ethyl acetate yielded yellow needles, mp 163’ [lit. (12) mp 161-163’1. 


Isolation of Somalin-Somalin crystallized directly from Fraction 
C when dissolved in 20% aqueous methanol. Recrystallization from ab- 
solute methanol yielded fine white needles, mp 197-198’ [lit. (15) mp 
197’1; UV A,, 220 nm (log t = 4.18); IR4: v,, 1790,1740, and 1620 cm-l; 
PMR4: 6 5.87 (lH), 4.90 (2H), 4.70 (lH), 4.00 (lH), 3.43 (3H), 1.25 (d, J 
= 6 Hz, 3H), 0.93 (s,3H), and 0.87 (s,3H) ppm. 


And-Calc. for C30H4607: C, 69.47; H, 8.94; mol. wt. 518. Found: C, 
69.47; H, 9.11; m/e 518 (M+). 


Mild Acid Hydrolysis of Somalin-The acid hydrolysis procedure 
was reported previously (16). The products isolated were digitoxigenin, 
mp 247-250° [lit. (15) mp 250°], and D-cymarose, mp 92-94’ [lit. (17) mp 
93-94OI. 


Isolation of Hongheloside A-Fraction D (2.5 g) was purified on B 
silica gel G (250-g) column (4 X 42 cm) eluted with dichloromethane- 
methanol (91). Fractions containing hongheloside A were purified further 
on preparative TLC plates developed in benzene-methanol (91). 
Hongheloside A was then crystallized from methanol and water, mp 
209-211’ [lit. (18) mp 20b211°]; mass spectrum: m/e 576 (M+) and 355 
(base); UV: A,, 220 nm (log c = 4.12); IR4: Y,, 1785,1750,1625, and 1245 
cm-l; PMR4: 6 5.93 (1H),,5.45 (m, 18 Hz), 4.90 (2H), 4.70 (dd, J = 9 and 
1.5 Hz, lH), 4.00 (lH), 3.43 (s,3H), 1.98 (s,3H), 1.25 (d, J = 6Hz,3H), 
and 0.93 (s,6H) ppm. 


Anal.-Calc. for C32H4809: C, 66.64; H, 8.39; mol. wt. 576. Found C, 
66.63; H, 8.38; mle 576 (M+). 


Mild Acid Hydrolysis Product-The deacetylated derivative of 
hongheloside A was hydrolyzed with the s e e  procedure as somalin into 
D-cymarose, mp 92-94’, and gitoxigenin, mp 225-227’ [lit. (16) mp 
224’1. 


Isolation of 16-Acetylstrospeside-The fractions containing 16- 
acetylstrospeside were purified on preparative TLC plates developed in 
ether-chloroform (85:15). The recovered material was subsequently 
crystallized from aqueous methanol to yield colorless platelets, mp 
208-210’ (mp 18%190’ after drying under vacuum); mass spectrum: base 
at m/e 355; UV A,, 220 nm (log t = 4.31); IR4: urnax 1785,1745,1620, and 
1245 cm-l;PMR4: b 5.93 (lH), 4.95 (2H), 5.50 (m, 18 Hz), 4.00 (lH), 3.60 
(s,3H), 1.27 (d, J = 6 Hz, 3H), and 0.93 (s,6H) ppm. 


Anal.-Calc. for C32H48010: C, 64.84; H, 8.16. Found: C, 64.31; H, 
8.21. 


Strospeside-16-Acetylstrospeside (100 mg) was dissolved in meth- 
anol (20 ml). After the addition of 0.25 M KHC03 (4 ml), the reaction 
mixture was stirred at room temperature for 3 days. The air-dried residue 
was purified on preparative TLC plates developed in benzene-ethyl ac- 
etate-acetone-ethanol(4:3:2:1). The recovered material was crystallized 
from methanol and water, mp 252-253’ [lit. (15) mp 252’1. 


16-Anhydrostrospeside-16-Acetylstrospeside (30 mg) was absorbed 
on basic aluminum oxide, introduced on top of a small alumina column 
(1.5 X 15 cm) and displaced with benzene-methanol (9:1), and the 
stopcock was closed. The column remained at  room temperature for 1 
week. Then the stopcock was opened, and the column was eluted with 
chloroform-methanol (1:l). The recovered material was crystallized from 
methanol and water, mp 240-243’ [lit. (18) mp 242-246’1; UV A,,, 270 
nm (log z = 4.25). 


Isolation of Honghelin-The fractions containing honghelin were 
purified on preparative TLC plates developed in ether-chloroform (91). 
The recovered material formed hydrate crystals from methanol and 
water, mp 135-137’ (lit. (18) mp 133-136’1; mass spectrum: m/e 534 
(M+), 357,339, and 203; U V  A,,, 220 nm (log t = 4.25); IR4: urnax 1780, 
1740, and 1620 cm-l; PMR4: b 5.83 (lH), 4.90 (2H), 4.00 (lH), 3.60 (s,3H), 
0.93 (s,3H), and 0.87 (s,3H) ppm. 


Honghelin Diacetate-Acetylation of honghelin with acetic anhy- 
dride in pyridine at  room temperature for 24 hr yielded the diacetate. It 
was crystallized from methanol and water, mp 218-220’ [lit. (19) mp 
217-220°]; PMR4: 6 2.07 (s, 3H), 2.10 (s, 3H), 4.90 (m, 28 Hz, 4H), and 4.40 
(d, J = 8 Hz) ppm. 


Anal.-Calc. for C34H60012: C, 66.00; H, 8.14. Found: C, 66.29, H, 
8.20. 
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Perfusion and Molecular Modification of 
Idoxuridine to Alter Its Cerebrospinal Fluid Metabolism 


PHILIP H. GUTIN*, LEON D. PROCKOP*, K. F. YIP, 
JAMES D. WEINSTEIN, and K. C. TSOUX 


~ ~ 


Abstract 0 Two methods to deter the rapid intrathecal degradation of 
idoxuridine were investigated: (a) rapid drug perfusion through the 
ventricular system, and ( b )  modification of the molecule to its uronic acid 
derivative, 2’-deoxy-5-iodo-5’-uridinecarboxylic acid, to make it less 
susceptible to enzymatic digestion. Perfusion of idoxuridine through the 
ventricular system (ventriculocisternal) of dogs at  0.97 ml/min saturated 
the metabolic pathway so that the outflow solution yielded a single spot 
(Rf 0.76) on TLC indicative of the intact molecule. The 19-labeled uronic 
acid was synthesized from the 1251-labeled parent compound, and the 
labeled compounds were compared after their individual intracisternal 
injection in dogs. Since there was no difference in the disappearance rates, 
the stability of the uronic acid was, in fact, no greater than that of the 
parent compound in uiuo. Ventricular perfusion of idoxuridine, however, 
seems a suitable means for increasing the amount of active drug delivered 
to central nervous system tumors and viral infections. 


Keyphraser Idoxuridine-metabolism in cerebrospinal fluid, effect 
of rapid perfusion and molecular modification, dogs Metabolism- 
idoxuridine in cerebrospinal fluid, effect of rapid perfusion and molecular 
modification, dogs Perfusion, rapid-idoxuridine through ventricular 
system, effect on metabolism in cerebrospinal fluid, dogs 0 Molecular 
modification-idoxuridine to uronic acid derivative, effect on metabolism 
in cerebrospinal fluid, dogs Antiviral agents-idoxuridine, metabolism 
in cerebrospinal fluid, effect of rapid perfusion and molecular modifi- 
cation, dogs 


Idoxuridine (I), an antimetabolite, is a useful topical 
antiviral agent in the treatment of Herpes simplex infec- 
tions of the cornea (1, 2). This agent has also been ad- 
ministered systemically in cases of disseminated H. sim- 
plex and H .  simplex encephalitis, but its value in this re- 
spect remains largely unproved (3-5). 


BACKGROUND 


The development of the Ommaya reservoir made possible the direct 
intraventricular injection or even cerebrospinal fluid perfusion of che- 


0 0 


OH ’ OH ’ 
I I1 


Scheme Z 


motherapeutic agents for central nervous system (CNS) viral infection 
or malignant disease (6). This subcutaneously implanted reservoir, with 
a catheter extending to the lateral ventricle, facilitates the delivery of high 
concentrations of potentially useful drugs to the brain. This route of 
administration is safe for I administration to patients with brain tumors 
or encephalitis (7). However, reservoir-delivered intraventricular therapy 
with I for progressive multifocal leukoencephalopathy in one patient (8) 
and for malignant brain tumors in four patients treated on this neuro- 
surgical service was of no value’. 


The lack of efficacy of intraventricular I therapy may be related to the 
very rapid metabolism of the drug by enzymes believed to be associated 
with the glial, ependymal, neural, or choroid plexus cells in or near the 
cerebral ventricles, where the drug is degraded to iodouracil and then 
deiodinated by the rate-limiting step to iodide and uracil (9, 10). 
Therefore, two methods of minimizing such enzymatic degradation were 
investigated ( a )  rapid ventriculocisternal perfusion of I to maintain high 
levels of drug in the ventricular cerebrospinal fluid and, consequently, 
saturate the metabolic pathways; and (6) modification of the parent 
compound to its uronic acid derivative, 2’-deoxy-5-iodo-5’-uridinecar- 
boxylic acid, in the hope that it would retain its antiviral and antitumor 
activity but be less susceptible to enzymatic breakdown. The uronic acid 
of floxuridine was synthesized previously and showed dramatic resistance 
to hydrolysis by acid or phosphorylase while remaining moderately toxic 
to tumor cells in uitro (11). 


EXPERIMENTAL 


Ventriculocisternal Perfusion-Mongrel dogs, 7-20 kg, were 
anesthetized with pentobarbital, 60 mgkg iv, with supplements given 
as needed. The dog was secured in a stereotactic head frame, and an en- 
dotracheal tube was placed to ensure adequate ventilatory exchange. A 
skin incision was made, and a bur hole was drilled in the skull so that its 
center lay 22-24 mm forward from the ear bar and 7-8 mm lateral to the 
midline. A No. 18 needle was placed percutaneously into the cisterna 
magna. 


With continuous pressure monitoring, a No. 19 needle in a stereotactic 
holder was introduced slowly through the bur hole vertically to a depth 
of 16-18 mm until the pulsations of the choroid plexus transmitted to 
the cerebrospinal fluid were noted on the pressure recording to assure 
ventricular placement. Cerebrospinal fluid pressure was measured on 
a pressure transducer2 and transmitted for reading on a polygraph3. 


Artificial cerebrospinal fluid was prepared as a modified Krebs-Ringer 
bicarbonate solution that closely resembled the ionic composition of 
normal spinal fluid (12). Compound I4 was diluted to 0.1 mg/ml in arti- 
ficial cerebrospinal fluid and infused through the ventricular needle first 
at 0.39 ml/min and then at  0.97 ml/min by means of a constant-infusion 
pump5. 


Samples were collected from the cisternal needle over timed periods 
after a 30-min perfusion to ensure homogeneity in the ventricular system, 


1 J. W. Weinstein, un ublished data. 
Stratham, Oxnard, calif. 
Grass, Quincy, Mass. 
SchwardMann, Orangeburg, N.Y. 
Harvard Apparatus, Millis, Mass. 
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Quantitative Determination of Isosorbide Dinitrate and 
Two Metabolites in Plasma 


DAVID A. CHIN *, DAVID G. PRUE, JOHN MICHELUCCI, 
B. T. KHO", and CHARLES R. WARNER* 


Abstract tl A GLC method for the determination of plasma isosorbide 
dinitrate and two metabolites, isosorbide 2-mononitrate and isosorbide 
5-mononitrate, is described. The three substances are extracted from 
alkalinized plasma with ether. Quantitation is effected by electron-cap- 
ture detection after GLC separation with a 30% SE-30 column. The un- 
usually heavy liquid phase loading is necessary to eliminate irreversible 
adsorption on the solid support. The electron-capture detector provides 
excellent sensitivity and specificity because of the electronegative nature 
of the nitric ester. The method was used to study the blood levels of iso- 
sorbide dinitrate and two metabolites in four beagle dogs after single oral 
doses of 40 mg of isosorbide dinitrate and in two human volunteers after 
a sublingual dose of 10 mg of isosorbide dinitrate. 


Keyphrases 0 Isosorbide dinitrate-and metabolites, electron-capture 
GLC analysis, plasma GLC, electron capture-analysis, isosorbide 
dinitrate and metabolites, plasma Vasodilators, coronary-isosorbide 
dinitrate and metabolites, electron-capture GLC analysis, plasma 


Nitric esters of various polyols are used in the treatment 
of angina pectoris (1). Isosorbide dinitrate (1,4:3,6-di- 
anhydro-D-glucitol 2,5-dinitrate) (I) is widely used as a 
coronary vasodilator. The purpose of this work was to 
develop a method that would yield quantitative data for 
I and two metabolites, isosorbide 2-mononitrate (11) and 
isosorbide 5-mononitrate (111). 


TLC was used to study levels of 1-111 in biological fluids 
(2,3), and 14C-labeled I was utilized to study its metabo- 
lism in dogs (4,5). A GLC method using a flame-ionization 
detector was developed to determine I in plasma (6), and 
it was found that the previously reported TLC procedures 
(5) did not give the required sensitivity. GLC with elec- 
tron-capture detection appeared to be the best method- 
ology available for analysis of plasma samples. 


An electron-capture GLC method (7) detected 1-111 
within the same chromatogram; subsequently, this method 
was applied to plasma samples (8). Unfortunately, even 
with an elaborate cleanup, extracts of blank plasma 
sometimes yielded high background responses that in- 
terfered with the assay of I1 and 111. 


The goal of this work was to develop a more sensitive and 
convenient method that would lend itself to the analysis 
of a large number of plasma samples. A very simple and 
rapid extraction without further purification of the extract 
was feasible if the electron-capture GLC system was ca- 
pable of detecting 150 pg each of I, 11, and 111. None of the 
previously described electron-capture GLC procedures had 
the necessary sensitivity for all three substances, appar- 
ently because of the irreversible interaction of these sub- 
stances with the partially exposed solid support. The de- 
sired sensitivity was obtained when the active sites on the 
solid support were reduced through the use of a packing 
with 30% SE-30, an unusually high percentage of liquid 
phase. The result was an order of magnitude increase in 
sensitivity over previously described procedures for I1 and 
I11 (7,8). 


This methodology was used for the analysis of dog and 
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Figure 1-Typical gas chromatographic results derived for 1-111. In- 
jections of 3 p1 were used. The figures in brackets correspond to  the 
concentrations of the stock solution. 


human plasma after administration of I. Plasma 1-111 
concentrations were determined after single oral doses of 
40 mg of I. Plasma 1-111 levels also were measured in two 
human volunteers after a sublingual dose of 10 mg of I. 


EXPERIMENTAL 


Apparatus-A gas chromatograph' equipped with a 63Ni-electron- 
capture detector was used. The carrier gas had a flow rate of -60 ml/min. 
A silanized glass column, 2 mm i.d. X 1.83 m, was packed with 30% SE-30 
on 60-80-mesh Gas Chrom Q2. Injection port, column, and detector 
temperatures were maintained at 190, 165, and 250°, respectively. In- 
jections of 2-3 pl were made with a 10-pl syringe3. The preparation of the 
column packing must be done carefully to ensure good chromatographic 
results. 


Reagents and Chemicals-Authentic samples of I1 and 111 were 
synthesized4. Compound I was purified by recrystallization from ethanol. 


1 Microtek MT-220 or Varian model 2100-20. 
2 Applied Science Labs, State College, Pa. 
3 Hamilton Co., Reno, Nev. 
4 By Dr. B. Palameta, Ayerst Research Laboratories, Montreal, Quebec, Cana- 
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Figure 2-Results obtained after oral administration of 40 mg of I to 
a dog. The 0.25-hr levels correspond to I ,  I l ,  and III levels of SO, 41, and 
120 nglml, respectively. 


The purity was 99.9% by differential scanning calorimetry. All other re- 
agents were reagent grade except ethyl acetate, which was pesticide 
quality5. 


Determination of 1-111 in Plasma-To a 3-ml sample of dog plasma 
or to 4 ml of human plasma in a 50-ml centrifuge tube, equipped with a 
polypropylene stopper, was added 2 ml of 1 N NaOH or 1 ml of 2 N 
NaOH, respectively. Then 30 ml of ether was added, and the tube was 
stoppered and shaken mechanically6 at low speed for 20 min. It was 
centrifuged at 1500 rpm for 5 min, and the aqueous layer was discarded. 
Then 0.5 g of anhydrous magnesium sulfate was added, and the mixture 
was shaken and centrifuged. 


A 25-ml aliquot of the ether layer was transferred to a 30-ml centrifuge 
tube and evaporated to dryness under a gentle stream of nitrogen with 
the water bath held below 30°. The residue was redissolved in 1.0 ml of 
ethyl acetate. An aliquot (1-3 pl) of this solution was injected and com- 
pared with the calibration curve. 


Calibration Curve-Calibration was done with the external standard 
procedure. Separate solutions of 1-111 were prepared in ethyl acetate at 
three different concentrations ranging from 100 to 500 ng/ml. The re- 
sponse as a percentage of the total standing current for each substance 
was plotted as a function of concentration. 
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Figure 3-Chromatograms illustrating artifact formation with ex- 
hausted column. 


Fisher. 
8 Eberbach Corp. 
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Figure 4-average plasma levels of I(.), II (+),and I l l  (m, right-hand 
scale) in four beagle dogs after an oral administration of 40 mg of l .  


In Vivo Studies-Beagle dogs, 10-12 kg, were given a single oral dose 
of 40 mg of I (eight 5-mg tablets7) after an overnight fast. Water was al- 
lowed ad libitum, and food was withheld until completion of sampling. 
Blood samples (7 ml) were collected in tubes8 with edetate disodium at  
premedication and at 0;5, 10, 15, 30, 60, 120, 240, and 360 min post- 
medication. Samples were centrifuged, and the plasma was separated 
and stored in a freezer until analysis. 


In a second study, two human volunteers were given two 5-mg sub- 
lingual tabletse. Blood samples were taken using tubes8 with edetate 
disodium at  0, 10,20,30,60,120, and 240 min postmedication. Plasma 
was separated and frozen until assayed. 


RESULTS AND DISCUSSION 


Typical gas chromatograms for I-IILare shown in Fig. 1. The false 
positive levels were determined for 16 different samples of dog plasma 
and were equivalent to less than 2 ng/ml for I and 11. A peak often inter- 
fered with 111, but the magnitude never exceeded 5 ng/ml, far below the 
peak levels ordinarily observed for medicated dogs. 


The chromatograms illustrated in Fig. 2 are typical of the results ob- 
tained after oral administration of I. The response of the electron-capture 
detector to 1-111 was linear with concentration over the 50-1000-ng/ml 
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Figure 5-Average plasma levels of I (O), ZI (+), and IIZ (m) in two 
human volunteers after sublingual administration of 10 mg of I .  


Isordil, Laboratories Ayerst LTDA, Sao Paulo, Brazil. 
8 Vacutainers. 
9 Isordil, Ives Laboratories, New York, N.Y. 







Table I-Recoveries of 1-111 from Plasma 


Dog Plasma Human Plasma 


Compound n Recovery,% CV n Recovery,% CV 


I 7  83 7 16 67 10 
I1 8 59 9 16 65 8 


111 8 71 12 16 59 16 


range, having a standing current of 4.7 X amp in the pulse mode with 
a width of 5 psec at 44 v and a pulse interval of 220 psec. 


The partition ratios for I, 11, and 111 between ether and physiological 
saline proved to be -6, 0.5, and 0.35, respectively. The recovery from 
spiked samples for each substance is given in Table I. 


After considerable usage, a column that otherwise appeared to be 
performing satisfactorily gave rise to an artifact upon injection of I. This 
artifact had the same retention time as I1 (Fig. 3). For this reason, the I 
standard was chromatographed at  the beginning, middle, and end of the 
day without the two isosorbide mononitrates. The column was discarded 
as soon as the artifact peak was detected; however, additional useful 
column life was obtained by removing the top 5 cm of packing from the 
inlet end of the column and replacing with new conditioned packing. 
Under continuous use, a column lasted for approximately 1 month. 


10 M I N  


The average plasma 1-111 levels in four dogs are shown in Fig. 4. The 
results are in qualitative agreement with the data obtained in a 14C- 
labeled study (4). There were very low and erratic blood levels of I, con- 
sistently higher levels of 11, and much higher and prevalent levels of 111. 
Very rapid absorption of I took place, since I levels were detected at 5 min 
postadministration. 


The average plasma levels of 1-111 in two human volunteers are de- 
picted in Fig. 5. Significant I levels were detected at 10,20, and 30 min 
and up to 1 hr postadministration. The two metabolites reached a max- 
imum at  30 min, and the I11 levels were approximately twice the I1 levels. 
Typical chromatograms are presented in Fig. 6. 
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Figure 6-Chromatograms illustrating the determinations of I-III in 
human plasma after sublingual administration of 10 mg of I .  To whom inquiries should be directed. 


Selective Photometric Determination of Betamethasone 
Benzoate and Other 21-Hydroxycorticosteroids 


LESTER CHAFETZ and DIMITRI C. TSILIFONIS 


Abstract Condensation of the glyoxal obtained by cupric acetate ox- 
idation of 21-hydroxycorticosteroids with acetous phenylhydrazine re- 
agent affords a near UV chromophore. All of the tested corticosteroids, 
including triamcinolone acetonide, which gives low color yields in the 
Porter-Silber reaction and its Lewbart-Mattox modification, gave similar 
absorption maxima (362-370 nm) and molar absorptivities ( c  = 
17,000-20,500). Since corticosteroid 21-esters and oxidation products 
do not undergo the reaction, the assay method based on it is stability 
indicating for betamethasone benzoate and the other test compounds. 
Procedures are described for the assay of two topical betamethasone 


benzoate preparations and hydrocortisone and prednisolone tablets; 
recovery and precision data are given. 


Keyphrases Betamethasone benzoate-UV photometric analysis, 
bulk drug and pharmaceutical formulations 0 UV photometry-analysis, 
betamethasone benzoate and other 21-hydroxycorticosteroids, bulk drug 
and pharmaceutical formulations 21-Hydroxycorticosteroids, vari- 
ous-UV photometric analysis, bulk drug and pharmaceutical formu- 
lations 0 Glucocorticoids, various-UV photometric analysis, bulk drug 
and pharmaceutical formulations 


The Porter-Silber reaction (1) for the colorimetric de- 
termination of corticosteroids is applicable only to steroids 
with a 17-dihydroxyacetone side chain (COHCOCH20H) 
or their derivatives that are readily hydrolyzed in the 


strongly acid reaction medium. Its mechanism (2 ,3)  was 
elucidated as a two-stage reaction: acid-catalyzed rear- 
rangement of the side chain to a 17-deoxy-20-0ne-21-al 
(CHCOCHO), followed by condensation of this glyoxal 
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Perfusion and Molecular Modification of 
Idoxuridine to Alter Its Cerebrospinal Fluid Metabolism 


PHILIP H. GUTIN*, LEON D. PROCKOP*, K. F. YIP, 
JAMES D. WEINSTEIN, and K. C. TSOUX 


~ ~ 


Abstract 0 Two methods to deter the rapid intrathecal degradation of 
idoxuridine were investigated: (a) rapid drug perfusion through the 
ventricular system, and ( b )  modification of the molecule to its uronic acid 
derivative, 2’-deoxy-5-iodo-5’-uridinecarboxylic acid, to make it less 
susceptible to enzymatic digestion. Perfusion of idoxuridine through the 
ventricular system (ventriculocisternal) of dogs at  0.97 ml/min saturated 
the metabolic pathway so that the outflow solution yielded a single spot 
(Rf 0.76) on TLC indicative of the intact molecule. The 19-labeled uronic 
acid was synthesized from the 1251-labeled parent compound, and the 
labeled compounds were compared after their individual intracisternal 
injection in dogs. Since there was no difference in the disappearance rates, 
the stability of the uronic acid was, in fact, no greater than that of the 
parent compound in uiuo. Ventricular perfusion of idoxuridine, however, 
seems a suitable means for increasing the amount of active drug delivered 
to central nervous system tumors and viral infections. 


Keyphraser Idoxuridine-metabolism in cerebrospinal fluid, effect 
of rapid perfusion and molecular modification, dogs Metabolism- 
idoxuridine in cerebrospinal fluid, effect of rapid perfusion and molecular 
modification, dogs Perfusion, rapid-idoxuridine through ventricular 
system, effect on metabolism in cerebrospinal fluid, dogs 0 Molecular 
modification-idoxuridine to uronic acid derivative, effect on metabolism 
in cerebrospinal fluid, dogs Antiviral agents-idoxuridine, metabolism 
in cerebrospinal fluid, effect of rapid perfusion and molecular modifi- 
cation, dogs 


Idoxuridine (I), an antimetabolite, is a useful topical 
antiviral agent in the treatment of Herpes simplex infec- 
tions of the cornea (1, 2). This agent has also been ad- 
ministered systemically in cases of disseminated H. sim- 
plex and H .  simplex encephalitis, but its value in this re- 
spect remains largely unproved (3-5). 


BACKGROUND 


The development of the Ommaya reservoir made possible the direct 
intraventricular injection or even cerebrospinal fluid perfusion of che- 


0 0 


OH ’ OH ’ 
I I1 


Scheme Z 


motherapeutic agents for central nervous system (CNS) viral infection 
or malignant disease (6). This subcutaneously implanted reservoir, with 
a catheter extending to the lateral ventricle, facilitates the delivery of high 
concentrations of potentially useful drugs to the brain. This route of 
administration is safe for I administration to patients with brain tumors 
or encephalitis (7). However, reservoir-delivered intraventricular therapy 
with I for progressive multifocal leukoencephalopathy in one patient (8) 
and for malignant brain tumors in four patients treated on this neuro- 
surgical service was of no value’. 


The lack of efficacy of intraventricular I therapy may be related to the 
very rapid metabolism of the drug by enzymes believed to be associated 
with the glial, ependymal, neural, or choroid plexus cells in or near the 
cerebral ventricles, where the drug is degraded to iodouracil and then 
deiodinated by the rate-limiting step to iodide and uracil (9, 10). 
Therefore, two methods of minimizing such enzymatic degradation were 
investigated ( a )  rapid ventriculocisternal perfusion of I to maintain high 
levels of drug in the ventricular cerebrospinal fluid and, consequently, 
saturate the metabolic pathways; and (6) modification of the parent 
compound to its uronic acid derivative, 2’-deoxy-5-iodo-5’-uridinecar- 
boxylic acid, in the hope that it would retain its antiviral and antitumor 
activity but be less susceptible to enzymatic breakdown. The uronic acid 
of floxuridine was synthesized previously and showed dramatic resistance 
to hydrolysis by acid or phosphorylase while remaining moderately toxic 
to tumor cells in uitro (11). 


EXPERIMENTAL 


Ventriculocisternal Perfusion-Mongrel dogs, 7-20 kg, were 
anesthetized with pentobarbital, 60 mgkg iv, with supplements given 
as needed. The dog was secured in a stereotactic head frame, and an en- 
dotracheal tube was placed to ensure adequate ventilatory exchange. A 
skin incision was made, and a bur hole was drilled in the skull so that its 
center lay 22-24 mm forward from the ear bar and 7-8 mm lateral to the 
midline. A No. 18 needle was placed percutaneously into the cisterna 
magna. 


With continuous pressure monitoring, a No. 19 needle in a stereotactic 
holder was introduced slowly through the bur hole vertically to a depth 
of 16-18 mm until the pulsations of the choroid plexus transmitted to 
the cerebrospinal fluid were noted on the pressure recording to assure 
ventricular placement. Cerebrospinal fluid pressure was measured on 
a pressure transducer2 and transmitted for reading on a polygraph3. 


Artificial cerebrospinal fluid was prepared as a modified Krebs-Ringer 
bicarbonate solution that closely resembled the ionic composition of 
normal spinal fluid (12). Compound I4 was diluted to 0.1 mg/ml in arti- 
ficial cerebrospinal fluid and infused through the ventricular needle first 
at 0.39 ml/min and then at  0.97 ml/min by means of a constant-infusion 
pump5. 


Samples were collected from the cisternal needle over timed periods 
after a 30-min perfusion to ensure homogeneity in the ventricular system, 


1 J. W. Weinstein, un ublished data. 
Stratham, Oxnard, calif. 
Grass, Quincy, Mass. 
SchwardMann, Orangeburg, N.Y. 
Harvard Apparatus, Millis, Mass. 
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Table I-TLC Characterization of I and I1 


Silica Gel Cellulose, 
Compound Solvent 1' Solvent 2" Solvent 3c 


I 
I1 


0.50 0.60 
0.36 0.10 


0.76 
0.64 


~~ ~ 


Propanol-ammonium hydroxide-water (7:1:2). * Chloroform-propanol(2:8). 


and pressure was checked after each perfusion. Perfusion experiments 
used for compilation of the final data were considered technically satis- 
factory if the needles were placed successfully on the first pass, outflow 
solutions were free of blood cells, and the pressure remained less than 
200 mm H20 throughout the experiment. Outflow samples were analyzed 
by TLC for the integrity of the I molecule. The inflow solutions served 
as controls. 


Synthesis of I25I-Labeled 2'-Deoxy-5-iodo-5'-uridinecarboxylic 
Acid (11)-The synthesis of radiolabeled I1 from radiolabeled Compound 
I (Scheme I) was similar to that cited previously for 2'-deoxy-5-fluoro- 
5'-uridinecarboxylic acid (11). A solution of 125I-labeled Compound I6 
(100 mg containing 100 pCi), sodium carbonate (4 me), platinum black 
(100 mg), and 30 ml of water (pH of the mixture was 9.0) was oxidized 
with gaseous oxygen at 80' for 20 hr. After the solution was cooled to room 
temperature, the catalyst was removed by filtration. 


The filtrate was evaporated to dryness, and the residue was dissolved 
in 100 ml of water and poured into a Sephadex A-25 (carbonate form) 
ion-exchange column (1.5 X 30 cm). Unreacted 1251-labeled Compound 
I was eluted from the column by 0.02 M ammonium bicarbonate (500 ml). 
Compound I1 was removed by eluting the column with 0.2 M ammonium 
bicarbonate. The eluate was combined and lyophilized to give white solid 
I1 as the ammonium salt (29 mg, yield 28.5%, 28.5 pCi); IR (KBr): vmeX 
3050 and 1700 cm-l. The results of the TLC characterization of I and I1 
are given in Table I. 


Disappearance Studies-A No. 20 spinal needle was introduced into 
the cisterna magna of an anesthetized, intubated dog and was left there 
throughout the experiment. An aliquot of cerebrospinal fluid (1.5 ml) was 
removed and replaced by 1.0 ml of artificial cerebrospinal fluid containing 
0.5 pCi of lZ5I-labeled Compound I in one set of experiments and 0.5 pCi 
of 11, prepared as described, in a second set of experiments. The second 
set occurred 6 months later and used the same animals. Injection of the 
compounds was followed by vigorous barbotage, and serial spinal fluid 
samples were taken at  30-min intervals. Gamma radiation in aliquots of 
the samples was measured in a gamma spectrometer'. 


1 M ammonium acetate+thanol(37). 


RESULTS AND DISCUSSION 


Ventriculocisternal Perfusion-Compound I (0.1 mg/ml), perfused 
through the dog ventricular system at  0.39 ml/min, yielded chromato- 
graphic spots on cellulose plates a t  Rf 0.41 and 0.55, indicating thqt the 
molecule was degraded. The unperfused inflow solution, serving as a 
control, yielded a single spot representative of the intact I molecule a t  
Rf  0.76. An increase in the perfusion rate of the I solution to 0.97 ml/min 
saturated the degradative mechanisms, so the outflow solution contained 
only parent molecule ( R f  0.76). 


Moderate perfusion rates protect against the degradation of I in the 
dog ventricular system. In humans, perfusions between a lateral ventricle 
and the spinal subarachnoid space, the lateral ventricle, and even the 
brain tumor bed have been accomplished (13). Compound I delivered by 
this method could be of therapeutic value in CNS viral or malignant 
disease and deserves further study. 


Disappearance Studies-In a previous study (9), the intracisternal 
injection of I into dogs was followed by rapid disappearance of I and the 
concomitant appearance of iodouracil and iodide. Furthermore, after 
injection of lZ5I-labeled Compound I, radioactivity disappeared with a 
half-time of about 45 min. The disappearance of the 1Z5I-label reflects 
in part the active transport of iodide (14,15) cleaved from iodouracil. To 
some extent, however, the lZ5I-label disappearance must alsp reflect the 
bulk flow of iodouracil from the cerebrospinal fluid since iodouracil- 
iodide + uracil is the rate-limiting step in the drug degradation (9). In 
any case, the disappearances of iodide and iodouracil as detected by serial 
cerebrospinal fluid '251-measurements represent the exit of the metab- 
olites of inactivated drug and, therefore, provide a good index for fol- 
lowing the degradation of lZ5I-labeled I and I1 after intracisternal injec- 
tion. 


6 Amersham/Searle, Arlington Heights, Ill. 
Baird-Atomic, Cambridge, Mass. 
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Figure 1-Disappearance of radioactiuity from cerebrospinal fluid of 
Dog 3 after injection of 1251-labeled I(0.5 pCi) (0) or I I  (0.5 pCi) (A). 
Each curue is plotted as the percentage of the 5-min radioactiuity. The 
initial rapid phase was due to mixing, and the slower late phase was due 
to drug clearance. 


Disappearance of radioactivity from cerebrospinal fluid after intra- 
cisternal injection of 1251-labeled I or I1 was plotted on semilogarithmic 
paper. Half-times were determined by graphic analysis. There were two 
slopes to each curve: a more rapid initial phase, probably due to mixing 
within the cerebrospinal fluid compartment, and a slower, late phase, 
thought to represent primarily drug clearance (16). Data were expressed 
in terms of disappearance rates: 


(Eq. 1) disappearance rate (%/min) = - - - 
half-time half-time 


The mean of the disappearance rates of the lZ5I-label from the cere- 
brospinal fluid of three dogs following '251-labeled Compound I injection 
was 0.024 f 0.007 (SD) .  After I1 injection in the same animals, it was 0.021 
f 0.002. These numbers are not significantly different ( p  > 0.40). The 
disappearance plots from a typical animal are shown in Fig. 1. 


The disappearances of the *251-label after injection of '25I-labeled I and 
I1 were identical. This result indicates that the formation and clearance 
of the metabolites of these drugs occur a t  the same rate, so the chemical 
stability of uronic acids to hydrolysis by acid or phosphorylases seems 
to offer no advantage in oiuo. Therefore, modification of the I molecule 
to its uronic acid holds little promise for discouraging the rapid intra- 
thecal degradation of this agent. 


In - 0.693 
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Synthesis of 
10~-Methoxy-A8~9-lysergaldehyde from Elymoclavine 


TUNG-CHUNG CHOONG, BRIAN L. THOMPSON *, and 
H. RICHARD SHOUGHX 


Abstract o A new synthesis is described for lOa-meth~xy-A~.~-ly- 
sergaldehyde involving the oxidation of elymoclavine with manganese 
dioxide in methanol. Lysergol and agroclavine provide no reaction under 
the same conditions. 


Key phrases o lOa-Meth~xy-A~~~-lysergaldehyde-synthesized by ox- 
idation of elymoclavine with manganese dioxide in methanol 0 Alkaloids, 
ergot-lOa-methoxy-Aa~g-lysergaldehyde, synthesized by oxidation of 
elymoclavine with manganese dioxide in methanol Elymoclavine- 
oxidized with manganese dioxide in methanol to lOa-metho~y-A~~~-ly- 
sergaldehyde 


Elymoclavine (I) is well established as an intermediate 
in the biosynthesis of the lysergic acid-type ergot alkaloids 
(1). The oxidation of elymoclavine at  C-17 is of interest 
because As79-lysergaldehyde (11) and/or AgJO-lysergal- 
dehyde are possible biosynthetic intermediates and be- 
cause of the well-known pharmacological properties of the 
ergot alkaloids. Elymoclavine is easily oxidized to the 8- 
hydroxy-A9J0 derivatives penniclavine and isopenniclavine 
(2), and chanoclavine (6,7-seco-elymoclavine) is readily 
oxidized to chanoclavine aldehyde (3), but the hydroxy- 
methyl group of elymoclavine has proven quite resistant 
to common oxidants (4,5). 


Lin et al. (4) obtained the enol acetate of A9JO-ly- 
sergaldehyde (6-methyl-8-acetoxymethylene-9-ergolene) 
by dimethyl sulfoxide-acetic anhydride oxidation of ely- 
moclavine. Mayer and Eich (5 )  obtained traces of lysergic 
acid by Oppenauer oxidation of elymoclavine and small 
yields of dihydrolysergic acid from dihydroelymoclavine. 
Dihydrolysergaldehyde has been prepared by reduction 
of lysergic acid derivatives (6). 


The manganese dioxide oxidation of l0a-methoxy- 
elymoclavine (111) to lOa-methoxy-A8~9-1ysergaldehyde 
(IV) was reported (7). Compound I11 was obtained by hy- 


R, 
I 


H 


I: R ,  = CH OH, R, = H 


111: R, = CH d H ,  R, = OCH, 
IV: R,  = CHb,  R, = OCH 


VI: R,  = CH,, R, = d 


11: R, = C H b  R , = H  


V: R ,  = COOCH,, R = dCH, 


dride reduction of the l0a-methoxy ester (V) prepared by 
mercuric acetate oxidation of methyl lysergate in methanol 
(8). This was the first successful attempt to obtain a ly- 
sergaldehyde by oxidation of an elymoclavine deriva- 
tive. 


Previous attempts in this laboratory to prepare ly- 
sergaldehydes from elymoclavine also were unsuccessful. 
However, 10a-methoxy-A8~9-lysergaldehyde (IV) can be 
prepared in good yield by the direct oxidation of elymo- 
clavine with manganese dioxide in methanol. 


EXPERIMENTAL‘ 


For the preparation of IOa-methoxy-Aa~g-lysergaldehyde (IV), ely- 


1 Melting points were determined on a Thomas-Hoover Uni-Melt meltingpoint 
apparatus and are uncorrected. UV spectra were run on a Beckman model 24 
s ectrophotometer. IR spectra were run in potassium bromide using a Beckman 
Ik-8 spectrophotometer. NMR spectra were obtained in deuterochloroform on a 
deol C-60H spectrometer with tetramethylsilane as the internal standard. Mass 
npectra were recorded on an LKB-9000S spectrometer. 
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Table I-Recoveries of 1-111 from Plasma 


Dog Plasma Human Plasma 


Compound n Recovery,% CV n Recovery,% CV 


I 7  83 7 16 67 10 
I1 8 59 9 16 65 8 


111 8 71 12 16 59 16 


range, having a standing current of 4.7 X amp in the pulse mode with 
a width of 5 psec at 44 v and a pulse interval of 220 psec. 


The partition ratios for I, 11, and 111 between ether and physiological 
saline proved to be -6, 0.5, and 0.35, respectively. The recovery from 
spiked samples for each substance is given in Table I. 


After considerable usage, a column that otherwise appeared to be 
performing satisfactorily gave rise to an artifact upon injection of I. This 
artifact had the same retention time as I1 (Fig. 3). For this reason, the I 
standard was chromatographed at  the beginning, middle, and end of the 
day without the two isosorbide mononitrates. The column was discarded 
as soon as the artifact peak was detected; however, additional useful 
column life was obtained by removing the top 5 cm of packing from the 
inlet end of the column and replacing with new conditioned packing. 
Under continuous use, a column lasted for approximately 1 month. 


10 M I N  


The average plasma 1-111 levels in four dogs are shown in Fig. 4. The 
results are in qualitative agreement with the data obtained in a 14C- 
labeled study (4). There were very low and erratic blood levels of I, con- 
sistently higher levels of 11, and much higher and prevalent levels of 111. 
Very rapid absorption of I took place, since I levels were detected at 5 min 
postadministration. 


The average plasma levels of 1-111 in two human volunteers are de- 
picted in Fig. 5. Significant I levels were detected at 10,20, and 30 min 
and up to 1 hr postadministration. The two metabolites reached a max- 
imum at  30 min, and the I11 levels were approximately twice the I1 levels. 
Typical chromatograms are presented in Fig. 6. 
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4 MIN 
Figure 6-Chromatograms illustrating the determinations of I-III in 
human plasma after sublingual administration of 10 mg of I .  To whom inquiries should be directed. 


Selective Photometric Determination of Betamethasone 
Benzoate and Other 21-Hydroxycorticosteroids 


LESTER CHAFETZ and DIMITRI C. TSILIFONIS 


Abstract Condensation of the glyoxal obtained by cupric acetate ox- 
idation of 21-hydroxycorticosteroids with acetous phenylhydrazine re- 
agent affords a near UV chromophore. All of the tested corticosteroids, 
including triamcinolone acetonide, which gives low color yields in the 
Porter-Silber reaction and its Lewbart-Mattox modification, gave similar 
absorption maxima (362-370 nm) and molar absorptivities ( c  = 
17,000-20,500). Since corticosteroid 21-esters and oxidation products 
do not undergo the reaction, the assay method based on it is stability 
indicating for betamethasone benzoate and the other test compounds. 
Procedures are described for the assay of two topical betamethasone 


benzoate preparations and hydrocortisone and prednisolone tablets; 
recovery and precision data are given. 


Keyphrases Betamethasone benzoate-UV photometric analysis, 
bulk drug and pharmaceutical formulations 0 UV photometry-analysis, 
betamethasone benzoate and other 21-hydroxycorticosteroids, bulk drug 
and pharmaceutical formulations 21-Hydroxycorticosteroids, vari- 
ous-UV photometric analysis, bulk drug and pharmaceutical formu- 
lations 0 Glucocorticoids, various-UV photometric analysis, bulk drug 
and pharmaceutical formulations 


The Porter-Silber reaction (1) for the colorimetric de- 
termination of corticosteroids is applicable only to steroids 
with a 17-dihydroxyacetone side chain (COHCOCH20H) 
or their derivatives that are readily hydrolyzed in the 


strongly acid reaction medium. Its mechanism (2 ,3)  was 
elucidated as a two-stage reaction: acid-catalyzed rear- 
rangement of the side chain to a 17-deoxy-20-0ne-21-al 
(CHCOCHO), followed by condensation of this glyoxal 
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COCH,OH 
" ' I ,  


Table I-Structures and Absorptivity Data for 21-Hydroxycorticosteroids 


Absorptivity Dataa 


A,,,,,, a ,  liters/ E ,  liters/ 
Steroid 1-2 9 11 16 17 nm g c m  molecm 


Position 


Betamethasone 
Betamethasone benzoate 
Corticosterone 
Dexamethasone 
Hydrocortisone 
Prednisolone 
Prednisone 
Triamcinolone acetonide 


Unsaturated 
Unsaturated 
Saturated 
Unsaturated 
Saturated 
Unsaturated 
Unsaturated 
Unsaturated 


a-F 0-OH 
a-F p-OH 
a-H p-OH 
a-F a-OH 
ci-H p-OH 
a-H @-OH 
a - H  =O 
a-F 6-OH 


H &-OH 
H &-OH 
H a-OH 
-0 


362 52.1 
364 40.8 
352 56.0 
362 47.5 
364 51.9 
366 47.0 
366 49.3 
370 44.4 


20,500 
20,300 
19,400 
19,700 
19,000 
17,000 
17,600 
19,800 


aObtained using the proposed method. 


with phenylhydrazine to form the protonated 21-mono- 
phenylhydrazone, the characteristic chromophore. 


Lewbart and Mattox (4) extended the Porter-Silber 
reaction to the microdetermination of 17-deoxy-a-ketolic 
steroids, using oxidation with methanolic cupric acetate 
to produce the requisite glyoxal intermediate. This pro- 
cedure was shown to be selective for betamethasone ben- 
zoatel (I), the 17-substituted ester, in the presence of its 
acyl migration product, betamethasone 21-benzoate (11) 
(Scheme I) (5). 


The chromogenic reaction proceeded much more 
sluggishly with betamethasone benzoate than with other 
corticosteroids tested, necessitating heating at  60° for 15 
min. Although the method proved useful in the assay of 
pharmaceutical preparations of the steroid, the exothermic 
reaction of the strongly acid reagent with the methanolic 
cupric acetate solution and the subsequent heating step 
were difficult to reproduce and reduced precision when 
many replicate determinations were performed. 


Further study of reaction conditions revealed that 
phenylhydrazone formation could be accomplished facilely 
by adding an acetous solution of phenylhydrazine hydro- 
chloride to the dried residue obtained by evaporating a 
mixture of cupric acetate and the steroid in methanol. 
Simple dilution of the reaction mixture with alcohol pro- 
vides a means for the UV spectrophotometric determina- 


HC=O 
I CH,OI-I 


I 
I c=o $=O 


no C u (OCCCH $)? 


reaction 


I 


I1 
Scheme I 


USAN name for 9-fluoro-ll~,l7,21-trihydroxy-l6~-methylpregna-l,4-diene- 
3.20-dione 17-benzoate. 


tion of 21-hydroxycorticosteroids at about 360 nm as the 
(unprotonated) 21-phenylhydrazone. Details of the pro- 
cedure and examples of its scope and applications are 
presented. 


EXPERIMENTAL 


Materialsz-Betamethasone benzoate and betamethasone 21-ben- 
zoate were used as received3. Betamethasone, dexamethasone, hydro- 
cortisone, prednisolone, prednisone, and triamcinolone acetonide were 
USP or NF  grades. Corticosterone was obtained commercially4. 


Cupric Acetate Solution-Dissolve 100 mg of cupric acetate mono- 
hydrate in methanol and dilute to 100.0 ml. 


Phenylhydrazine Reagent-Dissolve 100 mg of phenylhydrazine 
hydrochloride in 1.5 ml of water, add 8.5 ml of acetic acid, and mix. 


General Procedure for Test Compounds-Accurately weigh a 
suitable amount of 21-hydroxycorticosteroid, dissolve it in methanol, and 
dilute quantitatively and stepwise to obtain a solution containing about 
50 pg/ml. Add 0.1 ml of cupric acetate solution to 1.0 ml of the testsolu- 
tion in a test tube, mix, let stand 10 min, and evaporate to dryness in a 
nitrogen stream at  about 45'. Dissolve the residue in 0.2 ml of phen- 
ylhydrazine reagent with the aid of a vibrating mixer5. Let stand at room 
temperature for 5 min, then add 5.0 ml of alcohol by pipet, and mix. 
Determine the absorbance of the solution at the wavelength of maximum 
absorbance (Table I) against a reagent blank. 


Procedure for Betamethasone Benzoate Gel or Viscous Solution, 
0.025%-Accurately weigh about 2 g of the product, transfer it to a 
125-ml separator with about 20 ml of water, and add 1 ml of saturated 
sodium acetate solution. Extract the mixture with three 25-ml portions 
of chloroform, shaking about 2 min with each portion. Combine the ex- 
tracts in a second separator, wash with 10 ml of water, and filter the 
chloroform through paper into a conical flask with the aid of several small 
portions of chloroform. Evaporate the chloroform nearly to dryness on 
the steam bath with the aid of a nitrogen stream, removing the last traces 
of solvent without heating. Dissolve the residue in exactly 10.0 ml of 
methanol. 


Transfer 1.0 ml of the solution under test, 1.0 ml of a standard prepa- 
ration containing 50 pglml of betamethasone benzoate reference standard 
in methanol, and 1.0 ml of methanol (as the blank) to separate test tubes. 
Add 0.1 ml of cupric acetate solution to each, mix, and let stand 10 min. 
Evaporate the contents of each tube to dryness in a nitrogen stream at  
about 4 5 O .  Then dissolve the residue in 0.2 ml of phenylhydrazine reagent 
with a vibrating mixing device. Let stand at room temperature for 5 min, 
then add 5.0 ml of alcohol by pipet, and mix. 


2 The pharmaceutical preparations tested were formulated at Warner-Lambert 
Research Institute. 


Warner-Lambert Research Institute. 
Mann Research Laboratories. 


5 Vortex Genie. 
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Table 11-Relationship of Absorbance and Concentration of 
Three 21-Hydroxycorticosteroids 


Triamcinolone 
Hydrocortisone Prednisone Acetonide 


Concen- Absorb- Concen- Absorb- Concen- Absorb- 
tration, ance a t  tration, ance a t  tration, ance at  
wdml 364nm udml 365nm uelml 370nm 


10.16 0.100 10.8 0.103 9.6 0.095 
20.32 0.200 32.4 0.292 28.8 0.272 
30.48 0.295 54.0 0.497 48.0 0.453 
40.64 0.422 - - 
50.80 0.515 - 


- - 
- - - 


Determine the absorbance of the solution from the test preparation 
and from the standard in I-cm ,cells a t  the wavelength of maximum ab- 
sorbance a t  about 364 nm, using the reagent blank in the reference cell. 
Calculate the quantity, in milligrams, of betamethasone benzoate in the 
portion of the product taken for assay by the formula O.OlC(AulAs), 
where C is the exact concentration, in micrograms per milliliter, of the 
standard solution, and Au and A s  are the absorbances of the solutions 
from the product and the standard, respectively. 


Procedure for Tablets-Weigh and finely powder not less than 20 
tablets. Transfer an amount of powdered tablet equivalent to about 5 mg 
of steroid to a separator containing 20 ml of water. Extract the mixture 
with three 25-ml volumes of chloroform and one 20-ml volume, filtering 
the extract through cotton into a 100-ml volumetric flask. Then dilute 
the solution to volume with chloroform and mix. 


Transfer 2.0-ml portions of the solution under test and of a solution 
of the appropriate USP reference standard in chloroform, containing a 
known concentration of about 50 pglml, to test tubes. Evaporate the so- 
lutions to dryness with a nitrogen stream, and dissolve the residues with 
1.0 ml of methanol. Follow the General Procedure, beginning with “Add 
0.1 ml of cupric acetate . . . ,” except add 10.0 ml of alcohol. 


Determine the absorbance of the solutions, uersus a reagent blank, in 
1-cm cells in a suitable spectrophotometer at  the wavelength of maximum 
absorbance (Table I). Calculate the quantity, in milligrams, of 21-hy- 
droxycorticosteroid in the sample taken by the formula O.lC(Au/As), 
where C is the exact concentration, in micrograms per milliliter, of the 
solution of the reference standard, and Au and A s  are the absorbances 
of the solutions from the tablet and the standard, respectively. 


RESULTS AND DISCUSSION 


Scope and Selectivity-The structures, wavelength maxima, and 
absorptivity data of the steroids tested are presented in Table I. The 
molar absorptivities varied considerably less with structure than was 
observed previously (5). 


Because the cupric acetate oxidation proceeds only with free 21-hy- 
droxy compounds, 21-esters are not chromogenic in the reaction. This 
condition was verified in trials with betamethasone 21-benzoate, hy- 
drocortisone 21-acetate, and prednisolone 21-phosphate, none of which 
provided a near-UV chromophore in the proposed method. The chro- 
mophore obtained in the reaction is the 21-monophenylhydrazone of the 
steroids. 


Absence of a chromophore with the corticosteroid 21-esters tested 
shows that the 1,4-dien-3-one and 4-en-3-one conjugated ketone systems 
are not chromogenic with phenylhydrazine. Androsten-3,11,17-trione 
also gave no color under the reaction conditions of the proposed method, 
showing no interference from 11- and 17-keto functions and confirming 
the absence of interference from the 4-en-3-one system. Moreover, ad- 
dition of 5 ml of a mixture of two volumes of 80% sulfuric acid and one 
volume of methanol to  the reaction mixture in place of 5 ml of alcohol 


Table 111-Results of Intralaboratory Collaborative Study on 
Betamethasone Benzoate 


Betamethasone Absorbance Obtained by Chemist Benzoate, 
ualml A B C D E 


4.81 0.186 0.188 0.196 0.196 0.190 
9.62 0.368 0.376 0.399 0.398 0.390 


14.42 0.554 0.564 0.569 0.575 0.588 
19.23 0.749 0.758 0.754 0.772 0.770 
24.04 0.949 0.951 0.881 0.949 0.955 


Table IV-Recovery and Precision on 21-Hydroxycorticosteroid 
Products 


Betamethasone Benzoate 
Viscous Prednisolone 


Solution, Tablets, 
Trial 0.025% Gel, 0.025% 5 mg 


1 99.8 98.6 99.0 101.6 
2 98.9 98.3 99.0 99.8 . . .- 


3 98.5 99.3 97.2 100.8 
4 98.5 99.1 97.4 100.0 
5 100.7 99.3 100.0 99.2 
6 99.3 100.0 99.6 99.4 


Average recovery 99.3 99.1 98.7 1oo.i 
RSD, % 0.89 0.68 1.13 0.96 


provided a chromophore with maximum absorbance at  425 nm for all 
steroids in Table I, the wavelength a t  which the protonated 21-mono- 
phenylhydrazone of the LewbarLMattox method (4) is maximum. This 
color, however, was unstable. 


Gorog and Szepesi (6) used a similar scheme for the photometric de- 
termination of 21-hydroxycorticosteroids: oxidation with cupric acetate 
in methanol, followed by condensation with o-phenylenediamine or 
4,5-dimethyl-o-phenylenediamine to form quinoxalines with maxima 
at  318 or 331 nm, respectively, in methanol and at  331 or 351 nm, re- 
spectively, in 1 N hydrochloric acid. Molar absorptivities were higher in 
the acid medium but were about half those obtained in the procedure 
described here. Their method is inapplicable to betamethasone benzoate, 
possibly because of the steric hindrance of the 16- and 17-substituents 
to quinoxaline ring closure. 


Stability of Chromophore-The absorbance of the colors obtained 
with betamethasone benzoate, hydrocortisone, and triamcinolone ace- 
tonide was constant for at  least 1 hr by scanning their spectra on a re- 
cording spectrophotometer. Spectrograms after 1 hr or more were su- 
perimposable on those determined immediately after color develop- 
ment. 


Linearity and Precision-Solutions of hydrocortisone, prednisone, 
and triamcinolone acetonide, containing 10-50 pg/ml in methanol, were 
analyzed by the proposed method. The results (Table 11) indicate that 
the chromophore follows Beer’s law. To determine the effect of inter- 
analyst variation, one chemist prepared a stock solution of betamethasone 
benzoate in methanol and five different chemists determined the ab- 
sorbance of scalar concentrations at  five levels by the proposed method 
(Table 111). Each obtained rectilinear results. 


Precision and Recovery on 21-Hydroxycorticosteroid Prod- 
ucts-Experiments with placebo formulations of the gel and viscous 
solution and of steroid tablets showed no interference. Recovery studies 
were run by adding a weighed amount of the reference standard to for- 
mulation excipients or a placebo formulation and performing the assay 
six times to obtain the average recovery and an estimate of precision as 
the relative standard deviation (RSD) ,  calculated by the method of Dean 
and Dixon (7). Two separate experiments were run with the viscous so- 
lution (Table IV). Precision data were obtained similarly with formulated 
products. The betamethasone benzoate gel assay had a relative standard 
deviation of 1.40%; for 10-mg hydrocortisone tablets, a relative standard 
deviation of 1.65% was found on six assays of a composite sample. 


Limitations of Method-Attempts to extend the method to the assay 
of betamethasone benzoate creams and lotion have so far been unsuc- 
cessful owing to coextraction of materials that complex with or precipitate 
cupric acetate. Formulation excipient materials that form near-UV 
chromophores with the phenylhydrazine reagent could interfere, but none 
of these has been encountered in these studies. 


Further  Applications-The proposed procedure could easily be 
adapted to estimation of steroidal 21-alcohol as a synthesis precursor or 
hydrolysis product in corticosteroid 21-esters such as acetates, hem- 
isuccinates, and phosphates. 
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High-pressure Liquid Chromatographic Analysis of 
Cimetidine, a Histamine Hz-Receptor Antagonist, in 
Blood and Urine 


W. C. RANDOLPHx, V. L. OSBORNE, 
S. S. WALKENSTEIN, and A. P. INTOCCIA 


Abstract A method is described for extraction of cimetidine, a his- 
tamine Hz-receptor antagonist, from whole blood and urine with subse- 
quent analysis by high-pressure liquid chromatography (HPLC). The 
drug is extracted from biological fluids with 1-octanol and back-extracted 
into dilute acid and then into a small volume of ethanol by saturation with 
potassium carbonate. HPLC analysis is performed on a column of 5-pm 
silica with a mixed mobile phase consisting primarily of acetonitrile. The 
method measures concentrations of cimetidine as low as 0.05 pg/ml and 
is reproducible. Blood levels and urinary excretion data obtained with 
the analytical procedure are given for a group of human subjects who 
received 200-mg oral doses of cimetidine. 


Keyphrases Cimetidine-high-pressure liquid chromatographic 
analysis, blood and urine 0 High-pressure liquid chromatography- 
analysis, cimetidine, blood and urine Histamine H2-receptor antago- 
nists-cimetidine, high-pressure liquid chromatographic analysis, blood 
and urine 


The two types of pharmacological receptors in the me- 
diation of histamine-induced responses are referred to as 
HI and H2 (1,Z). The classical antihistaminic compounds 
are effective through antagonism of the action of histamine 
HI-receptor sites. Several new compounds, defined as 
Hz-receptor antagonists, have been effective in reducing 
histamine-induced gastric acid secretion. Cimetidinel, 
N”-cyano-N-methyl-”- [ 2- [ [ (5-methyl- lH-imidazol-4- 
yl)methyl]thio]ethyl]guanidine (I), is currently undergoing 
trials to assess its effectiveness in the treatment of gastric 
and duodenal ulcer patients. The chemistry and phar- 
macology of this drug were discussed previously (3). 


This paper describes methodology for extraction and 
concentration of cimetidine from whole blood and urine 
with subsequent analysis by high-pressure liquid chro- 
matography (HPLC). Numerous samples from various 
clinical studies were analyzed by this method, which 
proved highly satisfactory in providing necessary bio- 
availability information. 


//NCN 
CHXHCH$CH&H,NHC, 


NHCH , 


EXPERIMENTAL 


Instrumentation-A constant flow liquid chromatograph2 was used 
in conjunction with a variable wavelength UV detector3 set at 228 nm. 
The stainless steel column, 3.2 mm i.d. X 25 cm long, was obtained pre- 
packed with 5-pm silica*. A rotary injection valve5 was used for intro- 
ducing samples a t  the column inlet. 


Reagents-Certified grade 1-octano16 was used for extraction of 
cimetidine from biological fluids. The HPLC mobile phase consisted of 
UV grade a~etonitrile~, glass-distilled methanol7, glass-distilled water, 
and concentrated ammonium hydroxide (100060205). 


Standard Solutions (Blood)-Dissolve 10 mg of cimetidine in 10 ml 
of methanol. Add 0.05 ml of this drug solution to 25 ml of heparinized 
whole human blood and mix thoroughly. From this blood stock, con- 
taining 2.0 pg of cimetidine/ml, make appropriate dilutions with hepar- 
inized whole blood to provide a concentration range of 0.1-2.0 pg/ml. 
Weigh 30 mg of metiamide, N-methyl-N’-[2-[ [(5-methyl-1Hi-imidazol- 
4-yl)methyl]thio]ethyl]thiourea (internal standard), into a 100-ml vol- 
umetric flask. Dissolve and bring the contents to volume with metha- 
nol. 


Standard Solutions (Urine)-Dissolve 50 mg of cimetidine in 10 ml 
of methanol. Pipet 1 ml of the drug solution into a 25-ml volumetric flask, 
and bring to volume with control human urine. Make dilutions of the 
urine stock (containing 200 pg of cimetidine/ml) with control urine to 
provide a concentration range of 10-150 pg/ml. Dissolve 30 mg of meti- 
amide in 10 ml of methanol for use as the internal standard. 


Extraction (Blood)-Heparinize and freeze whole blood samples as 
quickly as possible after collection. Prior to extraction, thaw the samples 
and pipet 5-ml aliquota of the lysed blood into 40-ml centrifuge tubes. 
Add 10 pl of the internal standard solution (containing 3 pg of metiamide) 
to each sample and adjust to pH 9 with 1 N NaOH. Add 10 ml of 1-octanol 
to each tube, place horizontally on a reciprocating shaker, and shake 15 
min at low speed (about 60 oscillations/min). 


After shaking, centrifuge the tubes briefly to obtain a sharp separation 
of layers. With a pipet, remove 9.5 ml of the octanol layer to a second 
40-ml centrifuge tube, add 5 ml of 0.03 N HCI, and shake horizontally 
on a reciprocating shaker at high speed (about 120 oscillations/min). 
Again, centrifuge to achieve phase separation and aspirate and discard 
the octanol layer. Transfer 4.5 ml of the aqueous phase to a 12-ml cen- 
trifuge tube, add 0.3 ml of absolute ethanol, and vortex briefly to mix. 
Add sufficient granular potassium carbonate to saturate the solution 
(about 5.5 g), and vortex vigorously for 30 sec. Centrifuge the tubes at  
1300Xg for 5 min, thereby separating the ethanol as a layer over the 
aqueous phase. Remove 0.2 ml of the ethanol fraction to a small vial for 
HPLC analysis. 


Perkin-Elmer 1220. 
Perkin-Elmer LC-55. 
Altex Scientific Inc., Berkeley, Calif. 
Valco Instruments Co., Houston, Tex. 
Fisher Scientific Co. 
Burdick and Jackson. 


I 


Tagamet, Smith Kline & French Laboratories, Philadelphia, Pa. 
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erence for either enantiomer. This result is in agreement with results 
obtained previously with human cell cultures and each pure enantiomer 
as well as the racemic mixture. No significant difference in the cytotoxic 
effects or the relative abilities to prevent an increase in cell numbers was 
observed with the three forms (16). 


Control runs with plasma blanks showed no interferences with either 
the I or fluorouracil procedure. The accuracy and the concentration range 
over which both methods were tested are indicated in Table I. The cor- 
relation coefficients for the amount added uersus the amount calculated 
in Table I are 0.999 for both sets of data, indicating that both analyses 
are linear in the concentration ranges tested. The methods as outlined 
permit the detection of 0.25 pg of I and 0.025 pg of fluorouracil/ml of 
plasma and are specific for the intact molecules. The sensitivity and 
applicability of these analyses indicate that they are suitable for these 
types of studies, and clinical investigations utilizing these procedures are 
currently being performed. 
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Estimation of Pharmacokinetic Parameters from Postinfusion 
Blood Level Data Obtained after Simultaneous 
Administration of Intravenous Priming and 
Infusion Doses 


SAMPAT M. SINGHVI 


Abstract 0 Occasionally, it is desirable to attain steady-state blood drug 
levels rapidly in pharmacokinetic studies as well as in the treatment of 
certain diseases. In these cases, it is useful to administer an intravenous 
priming dose in combination with continuous drug infusion. Mathe- 
matical relationships are presented for the determination of phar- 
macokinetic parameters in these situations using postinfusion blood drug 
level data. The parameters obtained by this method are identical to the 
parameters obtained after a rapid intravenous injection of a drug. 


Keyphrases Pharmacokinetic parameters-determined from post- 
infusion blood level data after simultaneous intravenous priming and 
infusion doses 0 Dosage regimens-simultaneous intravenous priming 
and infusion doses, pharmacokinetic parameters determined from 
postinfusion blood level data 


Methods for the assessment of pharmacokinetic pa- 
rameters from postinfusion blood level data obtained after 
continuous intravenous infusion were presented previously 
(1). However, in practice, a rapid intravenous priming dose 
is often given simultaneously with the beginning of a 


If: 


continuous infusion to achieve steady-state blood drug 
levels rapidly in the body. This paper presents the treat- 
ment of postinfusion blood concentration data for the es- 
timation of pharmacokinetic parameters in those in- 
stances. 


THEORY AND DISCUSSION 


Two-Compartment Model-For a drug that exhibits the charac- 
teristics of a two-compartment open model (Scheme I), the decay of blood 
concentration, Cp(bluS), with time t , after a rapid intravenous injection 
(assuming first-order elimination and distribution kinetics) can be ex- 
pressed as (2): 


(Es. 2) 
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then: 


where A and B are 


Cp(hoius) = Aecat  + be-Bt 03s. 4) 


intercepts at zero time, a and 6 are disposition rate 
constants, klz and ki l  are distribution rate constants, k,l is the first-order 
elimination rate constant from the central compartment, X o  is the in- 
travenous priming dose, and V,  is the volume of the central compart- 
ment. 


Siniilarly, when a drug is administered as a continuods infusion at  a 
constant rate, ko, the blood levels, Cp(inn, at any time t during and after 
cessation of infusion can be described as (2): 


ko(kz1 - a ) ( l  - eaT)  e - a t  + ko(P - k z d l  - eaT)  e-Bt  
VCB(ff - P )  Cp(in0 = 


V C f f ( f f  - P )  
(Eq. 5) 


where 7' is the duration of infusion. The blood drug level after cessation 
of ihfusion also can be expressed as: 


Similarly, the drug concentration at time (T + t') after the bolus dose 
can be expressed as: 


where t' is the elapsed time after termination of the ififusion. 
Equations 6 and 7 can be combined to obtain plasma drug levels a t  the 


end of an infusion, Cp(post), when simultaneous intravenous priming and 
infusion doses are administered. Combining Eqs. 6 and 7 and simplifying 


and  


2 0  -I 
Ql a 


L 
-- 


Iniusion+Priming 2.303 Post-infusion 
I I \  
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HOURS 
Figure 1-Simulated blood concentrations after Simultaneous ad- 
ministration of intravenous priming and continuous infusion doses of 
a hypothetical drug. 


then combining Eqs. 10-12 gives: 


Cp(post) = Ale-at' + Ble-flf' (Eq. 13) 


This equation is equivalent to the hiexponential equation defining a rapid 
intravenous injection blood curve. Thus, when plasma concentrations, 
Cp(post), are plotted semilogarithmically against the postinfusion time, 
t', a biexponential curve is obtained (Fig. 1). 


can be obtained from these plots, as ex- 
emplified in Pig. 1. When these values are known along with XO, ko,  and 
T, the intercepts A and B can be computed using Eqs. 11 and 12. 


After obtaining A ,  B ,  a, and P, various other pharmacokinetic pa- 
rameters can be calculated by conventional methods (2) as follows: 


Parameters A1, €31, a ,  and 


A B  A U C = - + -  
U P  


total dose v, = ~ 


A + B  


where A U C  is the area under the plasma level-time curve, v d  is the ap- 
parent volume of distribution, C ~ B  is the total body clearance, and total 
dose is the primilig plus infusion dose ( X o  + koT). All other parameters 
were defined previously. 


Equations 11 and 12 arb similar to the corresponding equations (e.g., 
Eqs. 21 and 22) presented by Loo and Riegelman (1) in their treatment 
of podtinfusion blood level data obtained after an intravenous infusion 
dose without a simultaneous priming dose: 


and: 


(Eq. 22) 


Three-Compartment Open Model-By using the same treatment 
for a drug that exhibits the characteristics of a three-compartment open 
model, the decay of blood levels during the postinfusion period following 
simdltaneous administration of intravenous priming and infusion doses 
can be expressed as follows: 


where: 







After estimation of P,  A ,  R ,  P, a, and 0, the other pharmacokinetic 
parameters can be computed using the conventional methods (2) for 
blood concentration data obtained after a single rapid intravenous in- 
jection of the drug. 


Occasionally, it is desirable to inject a drug slowly at  a constant rate 
until the desired steady-state blood drug concentration is achieved. 
However, the time required (about 7 X t I / f i )  to obtain steady-state blood 
concentrations will be quite long for a drug with a long half-life. It may 
then be convenient to administer an intravenous priming dose simulta- 
neously with the continuous infusion to obtain steady-state conditions 
rapidly (3,4). The relationships derived in this paper are useful for the 
estimation of pharmacokinetic parameters in these situations. 
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Hydrolysis Mechanism of 7 -Acetylacroninium 
Perchlorate, a Novel Prodrug of Acronine 


A. J. REPTA =, J. R. DIMMOCK *. BO KREILGARD *, and 
JAMES J. KAMINSKIS 


Abstract 0 7-Acetylacroninium perchlorate was hydrolyzed at 25’ by 
both water enriched with 180-labeled water and by unenriched water. 
The acronine obtained was examined by mass spectrometry, which in- 
dicated the unusual fact that hydrolysis of this ester proceeded by aryl 
oxygen cleavage to the extent of about 30% under those mild condi- 
tions. 


Keyphrases 0 7-Acetylacroninium perchlorate-hydrolysis mechanism 
0 Acronine prodrug-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Prodrugs-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Hydrolysis-7-acetylacroninium perchlorate, mechanism 
determined 


The alkaloid acroninel (I) has activity against a wide 
range of tumors (l), but a major problem associated with 
its administration has been its low water solubility, only 
about 2-3 mg/liter (2). 


BACKGROUND 


Attempts have been made to’increase acronine solubility in water by 
coprecipitating the drug with povidone (3), using a mixture of an organic 
solvent and water (4), and complexation with various ligands (4). All of 
these methods failed to increase the water solubility of acronine to a 
concentration of 30 mg/100 ml, which was the value desired for intrave- 
nous administration. 


Another approach was based on the fact that, in the presence of acid, 
protonation of the 7-oxygen of acronine resulted (11) (4). Thus, in pre- 
paring an acronine prodrug, acylation of the 7-hydroxy group of an 
acroninium salt would be expected to produce a 7-acyloxyacroninium 
salt with increased water solubility compared to acronine and yet be ca- 
pable of regenerating acronine in uiuo. 7-Acetylacroninium perchlorate 
(111) was prepared and is over 100 times more water soluble than acronine; 


in uitro, it is converted quantitatively to acronine. However, the prodrug 
suffers from the disadvantage of being hydrolyzed too rapidly [ t l / z  - 20 
min under ambient temperatures (18-25’) in nonirritating, nontoxic, 
and water-miscible media] to be of clinical use (5). 


The rapid solvolysis of 111 may be due, in part, to aryl oxygen fission, 
since modification of the alkyl moiety of the ester group of analogs of I11 
reportedly yielded compounds with nearly identical hydrolysis rates (4). 
In addition, the reaction of I11 with both aniline and mercaptide ions 
resulted in the formation of the corresponding 7-anil and 7-thioke- 
tones. 


The purpose of this work was to determine whether hydrolysis by aryl 
oxygen fission would occur to an appreciable extent under mild condi- 
tions. Such information is of interest from a general standpoint and might 
also prove useful in the design of related prodrugs with improved stability 
properties . 


0 OCH., 


I 


OR OCH,, 
I I  


ClO, 


1 Referred to as acronycine previously. 
11: R = H  


111: R = COCH, 
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7 4 t  
SUMMARY 


The usual adult dose of nitrofurantoin is 50-100 mg four times a day. 
If doses of nitrofurantoin several times the usual oral dose are adminis- 
tered with the same frequency rectally, adequate concentration of ni- 
trofurantoin in the urine is attained. In this preliminary investigation, 
400 mg of nitrofurantoin administered in a polyethylene glycol-poly- 
sorbate 80 suppository base and in a polyethylene glycol-silica supposi- 
tory base provided an adequate concentration in the urine. Persons who 
exhibit nausea and emesis after oral administration of nitrofurantoin 
possibly could receive nitrofurantoin therapy by the rectal route. 


L 


HOURS 


Figure 7-Comparison of effect of suppository formulation of cumu- 
lative amount of nitrofurantoin excreted in Subject SK. Key: 0, lecithin 
and dried whey product; and 0 ,  theobroma oil. 


from Formula T was greater than that from Formula B (Fig. 6); however, 
in this subject, both bases provided an adequate bacteriostatic concen- 
tration in the urine. 


The amount of nitrofurantoin released from Formula D (Fig. 3) was 
so small that further investigation was not attempted. 


Formula K provided a slightly greater amount of nitrofurantoin in the 
urine than the theobroma oil base suppository (Fig. 7). The dissolution 
profile of the theobroma oil base suppository suggested poor bioavail- 
ability, which was confirmed by in vivo data. In water at body tempera- 
ture, the nitrofurantoin-theobroma oil suppository melted and formed 
a tacky mass from which the nitrofurantoin was slowly dissolved. With 
the limited fluid in the rectum, dissolution of the nitrofurantoin from the 
tacky mass was a very slow process. By mixing a lecithin and dried whey 
product with theobroma oil, it was hoped that the surface activity of the 
lecithin and the water solubility of the whey might enhance nitrofurantoin 
release. In measuring the dissolution profile, it was noticed that the mass 
was not tacky and that the release was slightly faster. Similarly, in the 
in vivo test, the amount of nitrofurantoin eliminated in the urine was 
slightly greater than that from the theobroma oil base. 
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Electronic Absorption Spectra and 
Protolytic Equilibria of Doxorubicin: Direct Spectrophotometric 
Determination of Microconstants 


ROY J. STURGEON * and STEPHEN G. SCHULMAN ** 


Abstract The ground- and excited-state dissociation constants and 
the electronic absorption and fluorescence spectra of doxorubicin were 
investigated by spectrophotometry. A general method for the direct 
calculation of individual microscopic dissociation constants was derived 
using the spectrophotometric data obtained. It was concluded that the 
protonated amino sugar group is slightly more acidic than the phenolic 
group. The spectrophotometric data were analyzed, and the macro- and 
microconstants for the various equilibria are reported. 
Keyphrases Doxorubicin-electronic absorption and fluorescence 


Molecules containing a quinone moiety have been widely 
employed in trace analysis, dye manufacturing, and 
metal-ligand binding. In pharmaceutical applications, 


spectrophotometric determination of dissociation constants and proto- 
lytic equilibria Spectrophotometry, electronic absorption and fluo- 
rescence-determination, doxorubicin dissociation constants and pro- 
tolytic equilibria 0 Dissociation constants-doxorubicin, electronic 
absorption and fluorescence spectrophotometric determination Pro- 
tolytic equilibria-doxorubicin, electronic absorption and fluorescence 
spectrophotometric determination 0 Antineoplastic agents--doxoru-. 
bicin, electronic absorption and fluorescence spectrophotometric de- 
termination of dissociation constants and protolytic equilibria 


molecules such as the naphthoquinones (1) and the an- 
thraquinones have shown promise as antifungal and an- 
tibacterial agents. Of more recent importance is the use of 
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Table I-Electronic Absorption (Amax) a n d  Fluorescence (Xf) 
Maxima of the Prototropic Species of Doxorubicin in Wate r  


Doxorubicin A,.,, nm loge Xf,nm 


Doubly charged cation 580 4.35 596 
Monocation 495 4.00 552 
Singly charged anion 550 3.81 588 
Doublv charged anion 612 3.53 - 


anthracycline antibiotics to treat carcinomas (2-4). The 
anthracyclines contain the anthraquinone nucleus linearly 
fused to a saturated six-membered ring. 


Several fluorometric procedures for the analysis of 
doxorubicin have been reported (5-7), but little informa- 
tion is available about its acid-base properties and elec- 
tronic absorption spectra. To obtain information of ana- 
lytical, biological, and photochemical interest, it is desir- 
able to know accurately in what prototropic form doxo- 
rubicin occurs in various media. Such studies are a neces- 
sary prerequisite to the spectrometric interpretation of the 
interactions of doxorubicin with biologically significant 
macromolecules such as proteins and nucleic acids. 


EXPERIMENTAL 


Reagents-Doxorubicin’ was used without further purification. 
Analytical reagent grade sulfuric acid2 was diluted with distilled, 


deionized water for the solutions used tostudy the Hammett acidity re- 
gion (8). Solutions in the pH range were citrate and phosphate buffers 
and sodium hydroxide solutions in distilled, deionized water, 


Each sulfuric acid or buffer solution, in a 10-ml volumetric flask, was 
injected with 100 p1 of a 4.4 X 10-4 M stock solution of doxorubicin in a 
mixed solvent of 10% (v/v) ethanol and 90% distilled, deionized water 
immediately prior to the taking of spectra to minimize decomposition 
errors. The tendency of doxorubicin to self-aggregate a t  higher concen- 
trations dictated the low concentrations (-4 X 


Apparatus-Absorption spectra were taken on a spectrophotometel3. 
Fluorescence spectra were taken on a fluorescence ~pectrophotometer~ 
whose monochromators were calibrated against the emission spectrum 
from a low-pressure mercury lamp and whose output was uncorrected 
for wavelength variable instrumental response. The pH measurements 
were made on a pH meter5 employing a silver-silver chloride-glass 
combination electrode6. 


M) employed. 


0.4 


0.3 
0 
2 
Q, 5 0.: 


m a 
0.1 


450 500 550 600 650 
WAVELENGTH, nm 


Figure 1-Electronic absorption spectra of  1.6 X M doxo- 
rubicin as the monocation (C), doubly charged calioiz (D), singly charged 
anion ( A ) ,  and doubly charged anion (DA). 


’ Adriamycin, courtesy of Adria Laboratories, Wilmington, Del. 
Mallinckrodt Chemical Works, St. Louis, Mo. 
Aminco DW-2. 
Aminco-Bowman SPF-1. 
Markson Electromark. 
Markson 888. 


Table 11-Negative Logarithms of Dissociation Constants of 
Doxorubicin 


Constant Value 


PK1 
PK2 
PK3 
PKCN 
~ K c z  
PKZA- 
PKNA 
“1 m 
P K ~  


-5.9 +L 0.05 
8.15 f 0.07 
10.16 f 0.09 
8.22 
9.01 
9.36 
10.10 


6.27 f 0.02 


13.2 f 0.2 


Calculations of macro- and microconstants were made employing three 
analytical wavelengths in the 465-495-nm region, where the molar ah- 
sorptivity of the phenolate form is minimal compared to the undissociated 
phenolic form. Within experimental error, the results reported are in- 


, dependent of the wavelength selected. 


RESULTS AND DISCUSSION 


The electronic absorption and fluorescence spectra of doxorubicin and 
its various prototropic forms are shown in Figs. 1 and 2, respectively. The 
maxima along with the corresponding molar absorptivities (log t)  of the 
various species are presented in Table 1. 


To establish the optimal pH region for the analysis of aqueous solutions 
of doxorubicin, the ground-state dissociation constants (pKa) for the 
various prototropic species must be known. The pKa values (Table 11) 
were determined for the dissociation in concentrated sulfuric acid of a 
proton from a protonated carhonyl group and for the dissociations in 
alkaline media of a protonated alkyl amino group and two phenolic 
groups, as shown in Scheme I. The PKCN corresponds to the equilibrium 
between the singly charged cation and the neutral species; pKcz corre- 
sponds to the equilibrium between the singly charged cation and the 
zwitterionic species; PKAZ corresponds to the equilibrium between the 
zwitterion and the singly charged anion, and PKNA corresponds to the 
equilibrium between the neutral species and the singly charged anion. 


In concentrated sulfuric acid, one of the three carhonyl groups of 
doxorubicin is protonated, the molecule existing as a dication (D). Dis- 
sociation of the protonated carbonyl group results in a blue shift of the 
long wavelength absorption maximum, from which the pKa of -5.9 may 
he calculated. The only species significantly present in the region between 
Hammett acidity -4.0 and pH 7.0 is the singly charged species with the 
positive charge a t  the amino sugar group. However, a t  a pH greater than 
7.0, this monocation (C) can lose a proton either from a phenolic group 
to form a zwitterion (Z) or from the amino sugar group to form the neutral 
species (N). Either may then lose a proton to form the singly charged 
anion (A-). 


Doxoruhicin, like numerous other drugs, contains several ionizable 
functions, including some of similar acidity. Therefore, overlapping 
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Figure 2-Fluorescence spectra of dororubicin as the monocation ( C ) ,  
doubly charged cation (D), and singly charged anion ( A ) .  
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PH 


Figure 3-Plot of absorbance a t  495 nm versus p H  for 4.4 X M 
doxorubicin in the pH 7-12 range. 


protolytic equilibria are possible. In doxorubicin, the amino sugar group 
and a phenolic group both ionized in the pH region from 8 to 13. T o  cal- 
culate accurately the corresponding dissociation constants, the effects 
of the dissociations on the electronic absorption spectra must be followed 
carefully. Because the amino group of the amino sugar moiety is several 
atoms removed from the aromatic chromophore of doxorubicin, elec- 
trometric or inductive influences, due to the free or protonated amino 
group, upon the electronic spectrum of doxorubicin are negligible. Thus, 
only the dissociation of the phenolic group affects the spectrometric 
properties of the molecule in alkaline solutions. However, the competing 
protolytic equilibria involving the amino sugar group affect the rate of 
appearance of the various spectrometric species of doxorubicin during 
the pH titration. 


While following the spectrometric changes resulting from variations 
in pH of solutions of doxorubicin in the pH 7-12 region, no distinct 
isosbestic point was observed. The lack of an isosbestic point is indicative 
of three or more absorbing species present in the solutions. The over- 
lapping successive protolytic equilibria also result in a wider titration 
interval than would normally be expected if no competition was observed. 
Figure 3 shows a plot of absorbance uersus pH for the titration of doxo- 
rubicin in the pH 6.0-12.5 range. 


Since dissociation of the zwitterion to form the singly charged anion 
is spectrometrically undetectable, the molar absorptivities (ex)  of the 
monocation and neutral species are equal and those of the zwitterion and 
anion are equal a t  the analytical wavelength. The total absorbance ( A T )  
at the analytical wavelength may be written as the sum of the absorbances 
of the various species present: 


The individual stages of ionization have microscopic dissociation con- 
stants, denoted as K C N ,  Kcz ,  KzA-, and KNA- in Scheme I. The macro- 
scopic constants, Kz and Ks ,  have the following relation to the micro- 
scopic constants: 


K2 = KCN + K c z  (Eq. 2) 


K3-I = KzA-' + KNA-' (Eq. 3) 


and since the free energy change in going from C to A- is the same re- 
gardless of whether path C - N - A- or C + 2 - A- is taken: 


K2K3 = K C N K N A  = KC~KZA (Eq. 4) 


By letting the sum of the concentrations of the neutral species and 
zwitterion equal [N], Eqs. 2-4 may be written as: 


M b H  OH 0 & i 2 0 H  0 0- 


0 0  0 0  
OCH,o H O H  9 OCH,o O-H ? 


0 OH 


NHI 


OH @ 
NHI 


N DA 
Scheme I 


A t  equilibrium, the mass balance equation states that the sum of the 
concentrations of all species must equal the total analytical concentration 
of doxorubicin ( C T ) :  


CT = [C] t [N'] + [A-] (Eq. 8 )  


By combining the mass balance equations and the equilibrium expres- 
sions, the concentrations of the cation, [C], zwitterion, [Z], neutral, [N], 
and anion, [A-1, may be written as: 


(Eq. 9) 


(Eq. 10) 


(Eq. 11) 


Equation 1 can be rewritten as: 


AT = cc[c]1 6 N [ N ] 1  4- f~-[A-] l  (Eq. 12) 


Since [N'] is the sum of the concentrations of the neutral and zwitterionic 
species, c N  is the expedient molar absorptivity of N'. This c value is es- 
sentially a weighted sum of the neutral and zwitterionic molar absorp- 
tivities with respect to the fraction of each uncharged species present. 


By substituting Eqs. 9-11 into Eq. 12, the following equation re- 
sults: 


(AT - ecCr)[H+]' + (AT - e ~ c c ~ ) K z [ H + ]  
+ (AT - C A - C T ) K Z K ~  = 0 (Eq. 13) 


Equation 13 may now be solved a t  three different points in the titration 
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for the values of c”, Kz,, and K B  (9). With these values(Tab1e 11), the 
microconstants may then be determined. The KNZ, the ratio of the con- 
centration of the neutral species to that of the zwitterionic species, is a 
constant independent of pH. Since: 


ec(N] 4- t~-[z] = cN(N‘] 0%. 14) 


and at 495 nm c N  is equal to 9.10 X lo3 cm-1 M-I, the following equation 
can be used to evaluate KNZ: 


(Eq. 15) 


Since (N] = 6.27 [Z], Eq. 2 may be solved for Kcz and KCN as follows: 


Similar substitution into Eq. 3 allows both KNA and K Z A  to be calculat- 
ed. 


A similar method for the spectrophotometric evaluation of micro- 
constants involving overlapping equilibria, in which the dissociation of 
one group affects the absorption spectrum and the other does not, was 
developed by Edsall et al. (10) in studies of the dissociations of tyrosine. 
This method was applied to the dissociation equilibria of alkanolamines 
(1 1). However, the latter approach is somewhat more complicated alge- 
braically than the present one. Moreover, the macroconstants in Edsall’s 
method are calculated from the microconstants. In the present approach, 
the preliminary evaluation of macroconstants from spectrophotometric 
data can be checked independently by potentiometry if solubility per- 
mits. 


The fluorescence spectrum of doxorubicin in the pH region follows the 
same changes observed in the pH dependence of the absorption spectrum, 
indicating that protolytic reaction in the excited state is too slow to 
compete with fluorescence. However, in the Hammett acidity region the 
fluorescence spectrum of doxorubicin red shifts with increasing acidity 
in acid solutions more dilute than those in which the corresponding ab- 
sorption spectral changes occur. This shift is indicative of protonation 
in the lowest excited singlet state, with the inflection point in the fluo- 
rometric titration representing the excited-state dissociation constant 
(pK*) of -3.1. Doxorubicin becomes more basic in the excited state due 
to the transfer of charge to a carbonyl group upon excitation. 


The method allows the direct calculation of microconstants when 
overlapping dissociation equilibria are present in a system under spec- 
trometric study. This method is general for any molecule with overlapping 


equilibria in which dissociation of only one functional group affects the 
electronic spectral properties of the molecule. The values of the micro- 
constants show that the protonated amino sugar group is slightly more 
acidic than the phenolic group. 


In developing or using any method of analysis for doxorubicin, careful 
choice of the pH and the analytical wavelength is necessary. The preva- 
lence of only one absorbing species having intense, long wavelength ab- 
sorption in the pH 4-7 region and one emitting species having intense 
fluorescence in the pH 1-7 region suggests that the spectrometric analysis 
of doxorubicin in aqueous solutions be carried out in dilute acidic solu- 
tions. 
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Determination of Energy Change Associated with 
Dissolution of a Solid 


DAVID C. HSIA*,  CHONG-KOOK KIM, and 
DANE 0. KILDSIGX 


Abstract The dissolution of a solid immersed in a solvent was con- 
sidered as a consecutive process, consisting of a primary surface inter- 
action leading to the production of a new surface at  the solid-liquid in- 
terface, solvation of the solid at the interface, and transfer of the solvated 
solid into the bulk of the solution. The energy changes involved in each 
step were studied for the dissolution of m-tolylacetamide in hexane and 
heptane. An energy diagram was constructed according to the proposed 
dissolution mechanism. The heats of dissolution determined from the 
energy diagram agreed well with those obtained experimentally. 


Keyphrases 0 Solids-dissolution in a solvent, energy changes deter- 
mined 0 Dissolution-solid in a solvent, energy changes determined 0 
Energy changes-determined for dissolution of a solid in a solvent 


Several recent investigations concerned the energy 
changes involved in the dissolution process. Wadke and 


Reier (1) presented a rate equation, based on previously 
published results ( 2 4 ,  involving both the heat of solution 
of the solid and the activation energy for diffusion. Szinai 
and coworkers (5, 6), after reviewing several articles on 
dissolution, proposed a rate equation incorporating an 
energy term comprised of the energy required to remove 
a solute molecule from the solid surface, the energy of 
solvation, and the activation energy for diffusion. A nu- 
merical study of the three energy terms was not re- 
ported. 


The purpose of this study was to quantify the energy 
associated with initial solvent-solid interaction, the sol- 
vation of the solute, and the mass transfer steps of the 
dissolution process. 
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After estimation of P,  A ,  R ,  P, a, and 0, the other pharmacokinetic 
parameters can be computed using the conventional methods (2) for 
blood concentration data obtained after a single rapid intravenous in- 
jection of the drug. 


Occasionally, it is desirable to inject a drug slowly at  a constant rate 
until the desired steady-state blood drug concentration is achieved. 
However, the time required (about 7 X t I / f i )  to obtain steady-state blood 
concentrations will be quite long for a drug with a long half-life. It may 
then be convenient to administer an intravenous priming dose simulta- 
neously with the continuous infusion to obtain steady-state conditions 
rapidly (3,4). The relationships derived in this paper are useful for the 
estimation of pharmacokinetic parameters in these situations. 
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Hydrolysis Mechanism of 7 -Acetylacroninium 
Perchlorate, a Novel Prodrug of Acronine 


A. J. REPTA =, J. R. DIMMOCK *. BO KREILGARD *, and 
JAMES J. KAMINSKIS 


Abstract 0 7-Acetylacroninium perchlorate was hydrolyzed at 25’ by 
both water enriched with 180-labeled water and by unenriched water. 
The acronine obtained was examined by mass spectrometry, which in- 
dicated the unusual fact that hydrolysis of this ester proceeded by aryl 
oxygen cleavage to the extent of about 30% under those mild condi- 
tions. 


Keyphrases 0 7-Acetylacroninium perchlorate-hydrolysis mechanism 
0 Acronine prodrug-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Prodrugs-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Hydrolysis-7-acetylacroninium perchlorate, mechanism 
determined 


The alkaloid acroninel (I) has activity against a wide 
range of tumors (l), but a major problem associated with 
its administration has been its low water solubility, only 
about 2-3 mg/liter (2). 


BACKGROUND 


Attempts have been made to’increase acronine solubility in water by 
coprecipitating the drug with povidone (3), using a mixture of an organic 
solvent and water (4), and complexation with various ligands (4). All of 
these methods failed to increase the water solubility of acronine to a 
concentration of 30 mg/100 ml, which was the value desired for intrave- 
nous administration. 


Another approach was based on the fact that, in the presence of acid, 
protonation of the 7-oxygen of acronine resulted (11) (4). Thus, in pre- 
paring an acronine prodrug, acylation of the 7-hydroxy group of an 
acroninium salt would be expected to produce a 7-acyloxyacroninium 
salt with increased water solubility compared to acronine and yet be ca- 
pable of regenerating acronine in uiuo. 7-Acetylacroninium perchlorate 
(111) was prepared and is over 100 times more water soluble than acronine; 


in uitro, it is converted quantitatively to acronine. However, the prodrug 
suffers from the disadvantage of being hydrolyzed too rapidly [ t l / z  - 20 
min under ambient temperatures (18-25’) in nonirritating, nontoxic, 
and water-miscible media] to be of clinical use (5). 


The rapid solvolysis of 111 may be due, in part, to aryl oxygen fission, 
since modification of the alkyl moiety of the ester group of analogs of I11 
reportedly yielded compounds with nearly identical hydrolysis rates (4). 
In addition, the reaction of I11 with both aniline and mercaptide ions 
resulted in the formation of the corresponding 7-anil and 7-thioke- 
tones. 


The purpose of this work was to determine whether hydrolysis by aryl 
oxygen fission would occur to an appreciable extent under mild condi- 
tions. Such information is of interest from a general standpoint and might 
also prove useful in the design of related prodrugs with improved stability 
properties . 


0 OCH., 


I 


OR OCH,, 
I I  


ClO, 


1 Referred to as acronycine previously. 
11: R = H  


111: R = COCH, 
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Scheme I 


One method of determining the extent to which aryl oxygen cleavage 
occurs is hydrolysis of the ester in the presence of lsO-labeled water. If 
acyl oxygen fission solely occurs, the product formed (acronine) will be 
devoid of any oxygen atoms containing oxygen-18. Alternatively, if aryl 
oxygen cleavage of the ester occurs, the acronine formed will contain 
oxygen-I8 in the 7-position (Scheme I). 


RESULTS AND DISCUSSION 


7-Acetylacroninium perchlorate (111) was hydrolyzed in water enriched 
with 38.0 atom % HzIsO and also in unriched water to give products 
designated A and B, respectively. These products were examined by mass 
spectrometry. Acronine has a parent ion of rnle 321, and acronine con- 
taining oxygen-18 in the 7-position has a parent ion of m/e 323. Spectra 
from mle 240 to 324 of both A and B revealed that the intensity of the 
ion at rnle 323 (expressed as a percentage of the total of the ion intensities 
from rnle 240 to 324) was approximately three times greater with A than 
with B. Since an additional experiment determined that no appreciable 
exchange between the 7-oxygen of acronine and 180-labeled water oc- 
curred, aryl oxygen cleavage of the ester was indicated. 


The question arises as to the extent of aryl ester cleavage during the 
hydrolysis of 111. One solution to this problem is to compare the intensities 
of pairs of ions representing the same molecular fragment, one of which 
contains oxygen-16 and the other oxygen-18 in the 7-group. Thus, for A 
and B, the intensities of the ions at rnle 323 and 321 of both spectra were 
measured; the relative intensity of the m/e 323 ion was expressed as a 
percentage according to the expression lOO(M + 2)/[M + (M + 2)], where 
M + 2 and M are the intensities of the ions a t  rnle 323 and 321, respec- 
tively. The difference between the figures obtained from the spectra of 
A and B gives the excess atom percentage of oxygen-18. From this figure, 
the percentage of aryl oxygen cleavage can be calculated (see Experi- 
mental). 


Scheme I1 


The ions a t  rnle 308 and 306 were also compared, these fragments 
arising by loss of 15 mass units from the parent ion. Comparison of the 
ratio of the intensities of the ions mle 323/321 and 308/306 indicated that 
acyl oxygen cleavage occurred to the extent of nearly 30%. 


The fact that only 30% of the 111 hydrolysis occurred uia the aryl oxygen 
route was somewhat surprising in view of previous findings (4) that  the 
hydrolytic rates of more sterically hindered species, such as pivalyl- 
acroninium ions, were very similar to those of the acetyl derivative. This 
finding had suggested that aryl oxygen fission might be a major hydrolytic 
pathway. With 111, a facile nucleophilic attack of aniline and mercaptide 
ions occurred (which, with aniline, was a quantitative reaction) to yield 
the corresponding 7-derivative. The results may be due to the greater 
nucleophilicity of these compounds relative to water. 


With several other 7-acyl analogs of 111, the hydrolysis rates also were 
similar to those of 111 (4). This observation is difficult to rationalize in 
light of the present results, which imply that acyl oxygen cleavage is the 
major route for hydrolysis in such a series of esters and that changes in 
the steric bulk of the acyl component of the ester would be expected to 
affect hydrolysis rates significantly. One possible contributing factor in 
this dilemma might be the existence of a tetrahedral intermediate having 
a sufficient lifetime to permit the exchange of the acyl group between the 
labeled and unlabeled oxygen atom (Scheme 11). 


The existence of such an intermediate could reduce the label a t  the 
7-position by a factor of two a t  most, and this maximum would be 
achieved only if total equilibration of the sort shown in Scheme I1 oc- 
curred. In that case, half of the ls0-label would be lost as lsO-acetate. 
Consequently, it is possible that the reaction pathway involving aryl 
oxygen fission might have occurred to a maximum extent of about 60%, 
although it seems unlikely that the intermediate would be sufficiently 
stable to result in statistically complete mixing of the labeled atom. 
Therefore, an intermediate value between 30 and 60% would be more 
reasonable. 


Nevertheless, the fact that  the aryl oxygen fission of the ester linkage 
occurs to the extent of 30% or more under such mild conditions is unusual 
and attests to the abnormal properties of the ester linkage of the 7-ac- 
ylacroninium prodrugs. These results also suggest that utilization of a 
prodrug approach based on the modification of the ester group is unlikely 
to increase greatly the prodrug stability since the degradation pathways 
appear to involve components of both acyl and aryl oxygen fission. 


EXPERIMENTAL2 


A freshly synthesized sample of 7-acetylacroninium perchlorate (111) 
(0.00556 g) (4,5), shown by spectrometry (6) to contain 72% of the ester 
HI3, was added to a tube containing 38.0 atom % Hzls0 (5.0 ml) and 
placed in a sonic bath4 for 18 min. The tube was attached to the spindle 
of a constant-temperature bath a t  25" and agitated by rotating slowly 
for 19 hr. The contents of the tube were then centrifuged5 for 25 min, and 
the precipitate (A) was collected, dried, and weighed (0.00328 8). 


The experiment was repeated using 111 (0.00524 g) and water (5.0 ml) 
to give a product (B) weighing 0.00355 g. The mass spectra from rnle 240 
to 324 of products A, B, and acronine were determined using an expanded 
scale recorder. The intensities of the ions were measured, and peaks 
shorter than 5 mm were ignored. The abundance of ions was corrected 
for background intensities. 


In the first experiment, the mass spectra of A, B, and acronine were 
determined a t  120' under identical conditions, and the intensity of the 
mle 323 ion was expressed as a percentage of the sum of the intensities 
of the ions from mle 240 to 324. Five determinations for A and acronine 
and four for B were made. The relative intensity of the ion a t  mle 323 for 
A, B, and acronine was 1.418% (range of 1.391-1.441%), 0.519% (range 
of 0.501-0.545%), and 0.513% (range of 0.483-0.552%), respectively. 


In another experiment, acronine was placed in 5.0 ml of water con- 
taining 38.0 atom % H2180 and rotated for 19 hr a t  25' as described pre- 
viously. The intensity of the ion a t  rnle 323 compared to the intensities 
of the ions from mle 240 to 324, expressed as a percentage for both the 
compound suspended in 180-labeled water for 19 hr and an authentic 
sample of acronine, was 0.614% (range of 0.58341654%) and 0.575% (range 


* Mass spectra were determined by Mr. R. Drake of the Department of Chemistry, 
University of Kansas, by direct sample introduction using a Varian CH-5 instrument 
o erating at 70 ev. Water enriched with 180-labeled water contained 40.0 atom % 
lRO obtained from Bio-Rad Laboratories, Richmond, CA 94604. 


The remaining 28% of the sample consisted of acronine and acroninium per- 
chlorate. 


International clinical model CI,. 
* Bransonic model 220. 
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of 0.523-0.603%), respectively. Five mass spectra for each compound were 
determined a t  120". 


Ten spectra from m/e 240 to 324 were then run at 111" for A and B 
under identical conditions. The intensities of the ions at m/e 323 were 
compared to those at  m/e 321 for A and B using the formula [(M t 2)/M + (M + 2)] X 100%, where M + 2 and M were the intensities of the ions 
a t  m/e 323 and 321, respectively. The values for A and B were 11.3 and 
3.4%, respectively. The percentage hydrolysis proceeding uia aryl oxygen 
cleavage, 28.9%, was obtained from the expression [(11.3 - 3.4)/(38 X 
0.72)] X 100,38 and 0.72 being the atom percent of H2I8O and the frac- 
tional purity of 11, respectively. The intensities of the ions a t  m/e 308 and 
306 were evaluated similarly, and the percentage of aryl ester cleavage 
was 28.096. 
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New Rapid Determination of 
Pyridoxal Phosphate Using Tyrosine Phenol-lyase 


G. G. MEADOWS, L. BOZE, and G. W. ELMER" 


Abstract A rapid, specific, and precise spectrophotometric assay for 
the determination of pyridoxal phosphate is described.The assay allows 
for the determination of the cofactor between 0.1 and 1.0 fig/ml. Its ap- 
plicability to pyridoxal phosphate in biological fluids was demonstrated 
by a determination of the plasma half-life in BDFl mice. Pyridoxal 
phosphate is absorbed rapidly from the peritoneal cavity and cleared from 
the plasma with a half-life of about 15 min. 


Keyphrases 0 Pyridoxal phosphate-spectrophotometric analysis, 
biological fluids 0 Spectrophotometry-analysis, pyridoxal phosphate 
in biological fluids Enzyme cofactors-pyridoxal phosphate, spec- 
trophotometric analysis in biological fluids 


Pyridoxal phosphate is a cofactor for several enzymes 
that participate in amino acid metabolism (1). Because of 
this metabolic significance, there is considerable interest 
in quantitating both suboptimal and elevated plasma 
pyridoxal phosphate levels. The latter interest stems from 
the observation that megadoses of pyridoxine have bene- 
ficial therapeutic effects in certain vitamin-responsive 
genetic diseases (2,3). Increased circulating levels of pyr- 
idoxal phosphate may also be of benefit in enhancing the 
antitumor activity of several pyridoxal phosphate-de- 
pendent enzymes such as methioninase (4,5) and tyrosine 
phenol-lyase (6). 


To elevate pyridoxal phosphate levels in mice in a pre- 
vious study (6), large amounts of the cofactor were injected. 
To quantitate and follow the fate of exogenously admin- 
istered pyridoxal phosphate in mice, a rapid assay utilizing 
tyrosine phenol-lyase was developed. Although other en- 
zymatic assays specific for pyridoxal phosphate were re- 


ported (7-g), they are hampered by the fact that radi- 
onuclides andlor extraction of the cofactor are required. 
These procedures can be both time consuming and costly. 
The described assay utilizes pyridoxal phosphate-depen- 
dent tyrosine phenol-lyase in a coupled reaction with lac- 
tate dehydrogenase and NADH. Pyridoxal phosphate 
levels can be easily and rapidly ascertained by spectro- 
photometric measurements. 


EXPERIMENTAL 


Materials-Tyrosine phenol-lyase was purified from Erwinia her- 
bicola (ATCC 21434) as described (6). When purified by this method, 
the enzyme has less than 2% of maximal activity in the absence of pyri- 
doxal phosphate. Pig heart lactate dehydrogenasel, A grade pyridoxal 
5'-phosphate1, and NADH' were used in the coupled assay. All other 
reagents were analytical grade. 


Pyridoxal Phosphate Assay Procedure-Tyrosine phenol-lyase 
catalyzes tyrosine degradation to pyruvate, phenol, and ammonia. The 
enzyme activity was determined using the continuous spectrophotometric 
assay previously reported (6), except that the enzyme was preincubated 
with the pyridoxal phosphate, lactate dehydrogenase, and NADH for 10 
min at 37" prior to addition of tyrosine. The assay measures the formation 
rate of pyruvate by a coupled reaction using lactate dehydrogenase and 
NADH. Oxidation of NADH is followed spectrophotometrically. One 
international unit (IU) of enzyme activity is defined as the amount of 
enzyme that catalyzes the formation of 1 pmole of product/min. 


A n  adaptation of this assay was used for pyridoxal phosphate. Samples 
containing pyridoxal phosphate (0.5 ml) were preincubated for 10 min 
with 0.05 IU of tyrosine phenol-lyase (0.5 ml), 200 ymoles of NADH (0.5 
ml), and 1.0 IU of lactate dehydrogenase (0.5 ml). Then 2.5 pmoles of 


1 Calbiochem, Los Angeles, Calif. 
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(6) S. Gorog and G. Szepesi, Anal. Chem., 44,1079 (1972). 
(7) R. B. Dean and W. B. Dixon, ibid., 23,636 (1951). 
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High-pressure Liquid Chromatographic Analysis of 
Cimetidine, a Histamine Hz-Receptor Antagonist, in 
Blood and Urine 


W. C. RANDOLPHx, V. L. OSBORNE, 
S. S. WALKENSTEIN, and A. P. INTOCCIA 


Abstract A method is described for extraction of cimetidine, a his- 
tamine Hz-receptor antagonist, from whole blood and urine with subse- 
quent analysis by high-pressure liquid chromatography (HPLC). The 
drug is extracted from biological fluids with 1-octanol and back-extracted 
into dilute acid and then into a small volume of ethanol by saturation with 
potassium carbonate. HPLC analysis is performed on a column of 5-pm 
silica with a mixed mobile phase consisting primarily of acetonitrile. The 
method measures concentrations of cimetidine as low as 0.05 pg/ml and 
is reproducible. Blood levels and urinary excretion data obtained with 
the analytical procedure are given for a group of human subjects who 
received 200-mg oral doses of cimetidine. 


Keyphrases Cimetidine-high-pressure liquid chromatographic 
analysis, blood and urine 0 High-pressure liquid chromatography- 
analysis, cimetidine, blood and urine Histamine H2-receptor antago- 
nists-cimetidine, high-pressure liquid chromatographic analysis, blood 
and urine 


The two types of pharmacological receptors in the me- 
diation of histamine-induced responses are referred to as 
HI and H2 (1,Z). The classical antihistaminic compounds 
are effective through antagonism of the action of histamine 
HI-receptor sites. Several new compounds, defined as 
Hz-receptor antagonists, have been effective in reducing 
histamine-induced gastric acid secretion. Cimetidinel, 
N”-cyano-N-methyl-”- [ 2- [ [ (5-methyl- lH-imidazol-4- 
yl)methyl]thio]ethyl]guanidine (I), is currently undergoing 
trials to assess its effectiveness in the treatment of gastric 
and duodenal ulcer patients. The chemistry and phar- 
macology of this drug were discussed previously (3). 


This paper describes methodology for extraction and 
concentration of cimetidine from whole blood and urine 
with subsequent analysis by high-pressure liquid chro- 
matography (HPLC). Numerous samples from various 
clinical studies were analyzed by this method, which 
proved highly satisfactory in providing necessary bio- 
availability information. 


//NCN 
CHXHCH$CH&H,NHC, 


NHCH , 


EXPERIMENTAL 


Instrumentation-A constant flow liquid chromatograph2 was used 
in conjunction with a variable wavelength UV detector3 set at 228 nm. 
The stainless steel column, 3.2 mm i.d. X 25 cm long, was obtained pre- 
packed with 5-pm silica*. A rotary injection valve5 was used for intro- 
ducing samples a t  the column inlet. 


Reagents-Certified grade 1-octano16 was used for extraction of 
cimetidine from biological fluids. The HPLC mobile phase consisted of 
UV grade a~etonitrile~, glass-distilled methanol7, glass-distilled water, 
and concentrated ammonium hydroxide (100060205). 


Standard Solutions (Blood)-Dissolve 10 mg of cimetidine in 10 ml 
of methanol. Add 0.05 ml of this drug solution to 25 ml of heparinized 
whole human blood and mix thoroughly. From this blood stock, con- 
taining 2.0 pg of cimetidine/ml, make appropriate dilutions with hepar- 
inized whole blood to provide a concentration range of 0.1-2.0 pg/ml. 
Weigh 30 mg of metiamide, N-methyl-N’-[2-[ [(5-methyl-1Hi-imidazol- 
4-yl)methyl]thio]ethyl]thiourea (internal standard), into a 100-ml vol- 
umetric flask. Dissolve and bring the contents to volume with metha- 
nol. 


Standard Solutions (Urine)-Dissolve 50 mg of cimetidine in 10 ml 
of methanol. Pipet 1 ml of the drug solution into a 25-ml volumetric flask, 
and bring to volume with control human urine. Make dilutions of the 
urine stock (containing 200 pg of cimetidine/ml) with control urine to 
provide a concentration range of 10-150 pg/ml. Dissolve 30 mg of meti- 
amide in 10 ml of methanol for use as the internal standard. 


Extraction (Blood)-Heparinize and freeze whole blood samples as 
quickly as possible after collection. Prior to extraction, thaw the samples 
and pipet 5-ml aliquota of the lysed blood into 40-ml centrifuge tubes. 
Add 10 pl of the internal standard solution (containing 3 pg of metiamide) 
to each sample and adjust to pH 9 with 1 N NaOH. Add 10 ml of 1-octanol 
to each tube, place horizontally on a reciprocating shaker, and shake 15 
min at low speed (about 60 oscillations/min). 


After shaking, centrifuge the tubes briefly to obtain a sharp separation 
of layers. With a pipet, remove 9.5 ml of the octanol layer to a second 
40-ml centrifuge tube, add 5 ml of 0.03 N HCI, and shake horizontally 
on a reciprocating shaker at high speed (about 120 oscillations/min). 
Again, centrifuge to achieve phase separation and aspirate and discard 
the octanol layer. Transfer 4.5 ml of the aqueous phase to a 12-ml cen- 
trifuge tube, add 0.3 ml of absolute ethanol, and vortex briefly to mix. 
Add sufficient granular potassium carbonate to saturate the solution 
(about 5.5 g), and vortex vigorously for 30 sec. Centrifuge the tubes at  
1300Xg for 5 min, thereby separating the ethanol as a layer over the 
aqueous phase. Remove 0.2 ml of the ethanol fraction to a small vial for 
HPLC analysis. 


Perkin-Elmer 1220. 
Perkin-Elmer LC-55. 
Altex Scientific Inc., Berkeley, Calif. 
Valco Instruments Co., Houston, Tex. 
Fisher Scientific Co. 
Burdick and Jackson. 


I 


Tagamet, Smith Kline & French Laboratories, Philadelphia, Pa. 
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Figure 1-Chrornatograms of extracts from control human blood ( A )  
and blood containing 0.5 jtg of cirnetidinelml (B). Key: a, rnetiamide 
(internal standard); and b, cimetidine. 


Extraction (Urine)-Dilute 1-ml aliquots of each urine sample with 
4 ml of distilled water in 40-ml centrifuge tubes. Add 10 pl of the appro- 
priate internal standard solution (containing 30 pg of metiamide), and 
adjust the tube contents to pH 9 with 0.1 N NaOH. Proceed with the 
extraction as described for blood. 


Chromatography-Condition new columns by flushing for 8 hr with 
methanol-water (982) at 0.5 ml/min followed by the analytical mobile 
phase, 1 mllmin for 2 hr. Perform all analyses a t  a flow rate of 1 ml/min 
with the pressure variable between 1000 and 2000 psi, depending on 
column characteristics. (If pressures rise above 2000 psi, replacement of 
both inlet and outlet frits will usually reduce the back-pressure signifi- 
cantly.) 


Inject 15-p1 aliquots of the ethanol extracts. Monitor the column ef- 
fluent with a variable wavelength UV detector a t  228 nm, and record 
detector response with a strip-chart recorder. For blood extracts, use 
attenuations of 0.02 and 0.04 absorbance unit full scale (aufs). For urine 
samples, use attenuations from 0.10 to 1.00 aufs. Retention times with 
this system are about 5.5 min for cimetidine and 4 min for metiamide. 


Quantitation-Calculate the ratio of cimetidine peak height to 
metiamide peak height for standards, and plot ratio versus concentration 
of cimetidine. Use the resulting curve to convert peak height ratios of 
unknown samples to cimetidine concentration. 


Clinical Study-A clinical study was performed in which 12 normal 
human subjects each received two identical oral doses of 200 mg of 
cimetidine in aqueous solution; 7 days separated the doses. Whole blood 
samples were collected by venipuncture a t  designated time intervals, 
immediately heparinized, and frozen for analysis. Total wine output was 
collected in the intervals of 0-3,3-12, and 12-24 hr. Urine volumes were 
measured, and aliquots were kept frozen prior to analysis. 


RESULTS AND DISCUSSION 


The development of an analytical method for measuring cimetidine 
in biological fluids was complicated by the difficulty in extracting the drug 
from aqueous media. Of various solvents tested. 1-octanol provided the 
most efficient extraction. The low volatility of octanol, combined with 
characteristics of the drug itself, made GLC analysis impractical. Certain 
other analytical techniques, such as spectrophotometry, were ruled out 
by the small amount of drug present in blood and the large number of 
interfering substances extracted from biological fluids by octanol. Two 
relatively new advances in HPLC, variable wavelength UV detectors and 
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Figure 2-Chromatograms of extracts from control human urine ( A )  
and urine containing 25 pg of cirnetidinelml ( B ) .  Key: a, metiamide 
(internal standard); and b, cimetidine. 


microparticulate column packings, made possible the HPLC analysis of 
cimetidine following extraction from blood and urine. 


The recovery of cimetidine from whole blood was determined by ad- 
dition of the drug, labeled with carbon-14, to control blood and extraction 
as described under Experimental. The radioactive content of the final 
0.3-ml ethanol fraction, measured by liquid scintillation counting, con- 
tained 63% of the initial blood radioactivity (absolute recovery). 


Typical chromatograms obtained from control human blood and blood 
containing 0.5 pg of cimetidine/ml are shown in Fig. 1. Of the several 
hundred control blood samples analyzed, none contained any material 
that interfered with the analysis of cimetidine. The major metabolite of 
cimetidine, the sulfoxide, was tested in the chromatographic system and 
eluted much later than the parent compound. The internal standard peak 
(metiamide) was completely resolved from the drug peak and eluted prior 
to cimetidine, thus not adding to analysis time. 


The efficiency of the column used to obtain the chromatogram in Fig. 
1 was about 7000 plated25 cm. Efficiency varies somewhat between 
columns but may often be improved by reconditioning and paying par- 
ticular attention to elimination of all possible deadspace. Column life has 
been very good, especially when considering the alkaline nature of the 
mobile phase. Approximately lo00 samples were analyzed on one column 
before a significant loss of efficiency was noted. 


The relationship between peak height ratios and concentration of 
cimetidine in whole blood from 0.05 to 2.00 pglml was linear. Two groups 
of replicate blood samples, eight each containing 0.50 and 1.00 pg of 
drug/ml, were prepared to test the accuracy of the method. The groups 
were divided into halves, and one-half was extracted and analyzed on each 
successive day. Of all 16 samples, an average of 102 * 4% of the actual 
cimetidine content was measured by HPLC analysis. Although peaks 
were obtained at lower concentrations, 0.05 pglml represented the lowest 
level of cimetidine that could be measured accurately in blood. 


Figure 2 shows typical chromatograms obtained with control human 
urine and urine containing 25 pg of cirnetidinelml. The relationship be- 
tween drug concentration in urine and peak height ratio was linear with 
drug concentrations between 10 and 150 pglml. The accuracy of the 
urinary analysis was tested by adding known amounts of drug to eight 
urine samples a t  two concentrations, 25 and 100 pglml. One-half of each 
group was analyzed on each successive day. The average recovery of added 
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Table I-Urinary Excretion and Whole Blood Concentrations of 
Cimetidine with Related Parameters in  12 Human Subjects 
following Administration of Two Identical Single Oral Doses of 
200 mg of Cimetidine 


A Dose 
Parameter Dose1 Dose11 11" 


Average whole blood concentration 
and average intrasub'ect change, 
Dose I - Dose 11, rgjml, at: 


0.5 hr 
1.0 hr 
1.5 hr 
2.0 hr 
3.0 hr 
4.0 hr 
6.0 hr 
8.0 hr 


Average of individual peak whole 
blood concentrations, pglml 


Average peak time, hr 
Average area under whole blood 


concentration curves, 0 - 8 hr, 
rg/ml X hr 


Mean elimination half-life, hr 
Mean urinary excretion of cimetidine 


and mean 'mtrasubject change, 
Dose I - Dose 11, as % of dose, 
in intervals of: 


0-3 hr 
3-12 hr 


12-24 hr 


0.65 0.71 
1.02 0.98 
0.86 0.85 
0.72 0.71 
0.59 0.58 
0.37 0.40 
0.16 0.17 
0.09 0.08 
1.07 1.01 


1.13 1.25 
3.52 3.59 


1.90 1.72 


32.4 33.0 
23.4 23.2 


1.9 1.6 


0.19 
0.16 
0.12 
0.13 
0.15 
0.09 
0.04 
0.03 


5.6 
7.7 
1.1 


A Dose I1 is the absolute difference, regardless of the direction of change. 


drug from the 16 spiked samples was 99.2 f 1.1%. None of the control 
urines tested contained material that interfered with the analysis of 
cimetidine. 


Mean blood levels and urinary excretion of drug for the 12 human 
subjects in the clinical study are shown in Table I. Also presented are 
parameters related to blood concentration data. Elimination half-lives 
of the drug in blood were obtained by fitting concentration data from the 
4-, 6-, and 8-hr blood samples, using the method of least squares. Areas 
under blood level curves were computed with a trapezoidal program. No 
statistically significant differences were found in mean blood levels or 
urinary excretion of cimetidine, or in any related parameters, when Doses 
I and I1 were compared. 


Metiamide, also an Hz-receptor antagonist, was employed in earlier 


studies of the effects of this class of compounds on gastric acid secretion. 
Obviously, since the method employs metiamide as the internal standard 
in the analysis of cimetidine, the reverse situation may be applied to 
analyze for metiamide. This analysis was successful on a number of 
samples. The only changes were that a detector wavelength of 235 nm 
was used and that concentrations of cimetidine in internal standard so- 
lutions were 0.5 (blood) and 5 (urine) mg/ml. 


The described method is satisfactory for analysis of cimetidine and 
metiamide, both in its reproducibility and sensitivity. By application of 
the analytical procedure, i t  was determined that cimetidine is well ab- 
sorbed following an oral dose, as indicated by the urinary excretion and 
blood levels of the drug. In clinical trials, the blood levels of cimetidine 
were measured and correlated with the inhibition of gastric acid secretion 
(4-6). These correlations, obtained with different doses of cimetidine, 
have been helpful in assessing the effect of circulating drug on gastric acid 
secretion. 
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Anthelmintic 2 - Arylhy drazino - and 2 - Ary lazo - 2 - thiazolines 


M. T. WU, F. S. WAKSMUNSKI, D. R. HOFF, 
M. H. FISHERx, J. R. EGERTON, and A. A. PATCHETT 


Abstract Some 2-arylhydrazino- and 2-arylazo-2-thiazolines were 
synthesized for anthelmintic testing. The most potent compound, 2- 
(o-tolylazo)-2-thiazoline, was orally effective in sheep against a broad 
range of helminths. 


Keyphrases Thiazolines, substituted-synthesized, evaluated for 
anthelmintic activity in sheep Anthelmintic activity-evaluated in 
various substituted thiazolines in sheep Structure-activity relation- 
ships-various substituted thiazolines evaluated for anthelmintic activity 
in sheep 


In a search for anthelmintic activity in novel structures, 
the known neuromuscular blocking agent 2-amino-2- 


thiazoline (I) (1) had a paralytic effect on third-stage larvae 
of Haemonchus contortus in vitro, similar to that of the 
anthelmintic drugs tetramisole and pyrantel. No activity 
could be demonstrated in in vivo assays. However, with 
this in vitro activity as a starting point, a series of related 
compounds was synthesized and tested for in uivo an- 
thelmintic activity. 
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for the values of c”, Kz,, and K B  (9). With these values(Tab1e 11), the 
microconstants may then be determined. The KNZ, the ratio of the con- 
centration of the neutral species to that of the zwitterionic species, is a 
constant independent of pH. Since: 


ec(N] 4- t~-[z] = cN(N‘] 0%. 14) 


and at 495 nm c N  is equal to 9.10 X lo3 cm-1 M-I, the following equation 
can be used to evaluate KNZ: 


(Eq. 15) 


Since (N] = 6.27 [Z], Eq. 2 may be solved for Kcz and KCN as follows: 


Similar substitution into Eq. 3 allows both KNA and K Z A  to be calculat- 
ed. 


A similar method for the spectrophotometric evaluation of micro- 
constants involving overlapping equilibria, in which the dissociation of 
one group affects the absorption spectrum and the other does not, was 
developed by Edsall et al. (10) in studies of the dissociations of tyrosine. 
This method was applied to the dissociation equilibria of alkanolamines 
(1 1). However, the latter approach is somewhat more complicated alge- 
braically than the present one. Moreover, the macroconstants in Edsall’s 
method are calculated from the microconstants. In the present approach, 
the preliminary evaluation of macroconstants from spectrophotometric 
data can be checked independently by potentiometry if solubility per- 
mits. 


The fluorescence spectrum of doxorubicin in the pH region follows the 
same changes observed in the pH dependence of the absorption spectrum, 
indicating that protolytic reaction in the excited state is too slow to 
compete with fluorescence. However, in the Hammett acidity region the 
fluorescence spectrum of doxorubicin red shifts with increasing acidity 
in acid solutions more dilute than those in which the corresponding ab- 
sorption spectral changes occur. This shift is indicative of protonation 
in the lowest excited singlet state, with the inflection point in the fluo- 
rometric titration representing the excited-state dissociation constant 
(pK*) of -3.1. Doxorubicin becomes more basic in the excited state due 
to the transfer of charge to a carbonyl group upon excitation. 


The method allows the direct calculation of microconstants when 
overlapping dissociation equilibria are present in a system under spec- 
trometric study. This method is general for any molecule with overlapping 


equilibria in which dissociation of only one functional group affects the 
electronic spectral properties of the molecule. The values of the micro- 
constants show that the protonated amino sugar group is slightly more 
acidic than the phenolic group. 


In developing or using any method of analysis for doxorubicin, careful 
choice of the pH and the analytical wavelength is necessary. The preva- 
lence of only one absorbing species having intense, long wavelength ab- 
sorption in the pH 4-7 region and one emitting species having intense 
fluorescence in the pH 1-7 region suggests that the spectrometric analysis 
of doxorubicin in aqueous solutions be carried out in dilute acidic solu- 
tions. 
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Determination of Energy Change Associated with 
Dissolution of a Solid 


DAVID C. HSIA*,  CHONG-KOOK KIM, and 
DANE 0. KILDSIGX 


Abstract The dissolution of a solid immersed in a solvent was con- 
sidered as a consecutive process, consisting of a primary surface inter- 
action leading to the production of a new surface at  the solid-liquid in- 
terface, solvation of the solid at the interface, and transfer of the solvated 
solid into the bulk of the solution. The energy changes involved in each 
step were studied for the dissolution of m-tolylacetamide in hexane and 
heptane. An energy diagram was constructed according to the proposed 
dissolution mechanism. The heats of dissolution determined from the 
energy diagram agreed well with those obtained experimentally. 


Keyphrases 0 Solids-dissolution in a solvent, energy changes deter- 
mined 0 Dissolution-solid in a solvent, energy changes determined 0 
Energy changes-determined for dissolution of a solid in a solvent 


Several recent investigations concerned the energy 
changes involved in the dissolution process. Wadke and 


Reier (1) presented a rate equation, based on previously 
published results ( 2 4 ,  involving both the heat of solution 
of the solid and the activation energy for diffusion. Szinai 
and coworkers (5, 6), after reviewing several articles on 
dissolution, proposed a rate equation incorporating an 
energy term comprised of the energy required to remove 
a solute molecule from the solid surface, the energy of 
solvation, and the activation energy for diffusion. A nu- 
merical study of the three energy terms was not re- 
ported. 


The purpose of this study was to quantify the energy 
associated with initial solvent-solid interaction, the sol- 
vation of the solute, and the mass transfer steps of the 
dissolution process. 
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Figure 1-Diagram of glass dispersion column. 


EXPERIMENTAL 


Materials-The solid was m-tolylacetamidel (I). The solvents used 
were spectral quality. 


Temperature  Dependence of Solubility of I-The solubility of I 
in hexane and heptane was determined a t  14.3-39.9 f 0.01'. A 300-ml, 
three-necked, round-bottom flask, containing approximately 20 g of I 
powder, was put in a constant-temperature water bath a t  14.3 f 0.01'. 
A stirrer was mounted in the flask, 200 ml of hexane or heptane was 
added, and the stirring speed was set a t  I50 rpm. 


After 24 hr, a 10-ml sample was taken from the flask and quickly fil- 
tered through a 0.45-rm filter. Five milliliters of the filtered solution was 
diluted in a 250-ml volumetric flask with anhydrous methanol. Duplicate 
samples were taken each time. The temperature of the water bath was 
then increased about 5'. After temperature equilibrium was reached in 
the water bath for 24 hr, another sample was removed, filtered, and di- 
luted as previously described. 


The absorbance of each sample was determined a t  242 nm with a 1:50 
dilution of hexane or heptane in methanol as the reference. A blank was 
run each time to ensure that the baseline was straight. The absorbance 
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Table  I-Molecular S t ruc tu re  of m-Tolylacetamide 


Bond 
Bond Length Group Geometry Angle 


c=o 1.162 Carbonyl Planar 120° 
C-H 1.09 Methyl Tetrahedral 109' 
c-c 1.54 Alkane Tetrahedral 109' 
N-H 1.038 Amide Tetrahedral 109" 
C=C in 1.39 Benzene Planar 120" 


C-N 1.329 Amide Tetrahedral 109" 
benzene 


a t  242 nm was recorded and converted into concentration through an 
appropriate calibration curve. The solubility of I in hexane and heptane 
a t  the different temperatures was then calculated. 


Temperature  Dependence of Dissolution Rate  of I-The disso- 
lution rate of I in hexane and heptane was determined a t  25.0,29.9,33.1, 
and 35.5 f 0.05' in a constant-temperature chamber (7). 


Glass tubes, 45 cm long X 1.65 cm id., were flat sealed on one end and 
employed as dissolution vessels. A stainless steel tablet holder was con- 
structed to fit easily into the dissolution tube without causing bubble 
formation. 


A small amount of I was placed in a casserole, which was then warmed 
in a water bath at 75'. After the compound was melted, it was poured into 
a 1.11-cm i7/p3-in.) tablet die with a polished, flat-faced punch in place. 
The cast tablets were removed after solidification, and mottled or chipped 
tablets were discarded. The punch face was cleaned with anhydrous 
methanol. 


A mixture containing 40% Dolvethvlene nlvcol4000 and 60% Dolveth- 
ylene glycol 400 was p;epared and carefuil; applied to the cyiindrical 
surface of the tablet. Care was taken to prevent any of the mixture from 
contacting the flat surface of the tablet. Solvent, 85 ml, was placed in the 
dissolution tube and allowed to equilibrate for 8 hr in the controlled 
temperature chamber. The dissolution tubes were held in a perfect ver- 
tical position using a suitable supporting device (8). The tablet was 
wrapped with aluminum foil and pushed into the tablet holder, which 
was put  through the center of a stopper that sealed the open end of the 
dissolution tube. 


A dissolution run was begun by gently immersing the tablet surface 
just below the solvent surface. Dissolution was timed for 3 min. The run 
was stopped by gently removing the tablet holder from the dissolution 
tube, and the amount dissolved was then determined. Dissolution rate 
determination was made in triplicate, using a new tablet for each deter- 
mination. The temperature of the chamber was then increased by 5', and 
the dissolution rate was determined at this temperature in the same 
manner. 


Determination of Dispersion Rate-A Pyrex glass column (70 cm 
long X 8 mm i.d.) was used to measure the dispersion rate of solutions of 
I in hexane and heptane into the pure solvent (Fig. 1). The column had 
stopcocks of 2-mm bore a t  each end and a stopcock with a straight 8-mm 
bore in the middle. 


Dispersion experiments were conducted at  30' in the constant-tem- 
perature chamber. The solvent, solution, and column were placed inside 
the chamber and allowed to equilibrate. The lower stopcock was then 
closed, and the lower half of the column was filled with solvent to a point 
above the middle stopcock. Suction was then applied to remove any en- 
trapped air bubbles in the lower column. The middle stopcock was then 
closed, and the solvent remaining in the upper column was removed. The 
upper column was then dried with a stream of air. 


A series of I solutions in hexane and in heptane were prepared ranging 
in concentration from 30 to 300 mghiter. A solution of 1 was transferred 
into the upper column while the middle stopcock was still in a closed 
position. The upper stopcock was then closed, and the entire column was 
inspected to be certain that no air bubbles were present. Two hours after 







Table 11-Temperature Dependence of the Solubility of m- 
Tolylacetamide in Hexane and  Heptane 


Table  111-Temperature Dependence of the Dispersion Rate  of 
m-Tolvlacetamide in Hexane and  HeDtane 


Solubility in Solubility in 
Temperature Hexane, mg/liter Heptane, mg/liter 


14.3' 294.8 - 
19.8O 449.5 - 
24.5" 562.4 - 
25.7' - 527.5 
29.8" 666.1 - 
30.3' - 688.4 
33.8" 758.1 - 


35.2' - 901.0 
39.9' - 1066.9 


the column was filled, the middle stopcock was turned to the open posi- 
tion for 3 min and then closed. The upper column was first drained and 
rinsed with 10 ml of solvent five times. After the upper column was air 
dried, the middle stopcock was opened to let the liquid inside the stopcock 
mix with the liquid in the lower column. The solution in the lower column 
was then removed for assay. 


The volumes of the upper and lower (including the stopcock) columns 
were calibrated with a 50-ml buret and found to be 19.1 f 0.05 and 20.25 
f 0.05 ml, respectively. From the volume and the final solution concen- 
tration in the lower column, the amount of I transferred from the upper 
column to the lower column and the dispersion rate of I in hexane and 
heptane were calculated. 


Temperature  Dependence of Dispersion Rate-The dispersion 
rates of solutions of I in hexane and heptane into their respective pure 
solvents were determined at four different temperatures using the same 
dispersion column and the described method. The concentration of I used 
in the upper column was that concentration which, during dispersion, 
transferred to the lower column approximately the same amount of solute 
as was dissolved from the solid I during the same time period. This con- 
centration was 44.2 mg/liter in hexane and 32.6 mg/liter in heptane. A 
second concentration, 240 mg/liter in hexane and 265 mg/liter in heptane, 
was also used to determine if the temperature dependence of the dis- 
persion rate was a function of concentration. 


The temperature dependence of the dispersion rate was independent 
of concentration for the concentrations used. The rates of dispersion, 
expressed as the amount of solute transferred per minute, were deter- 
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Dispersion Rate Dispersion Rate 
Temperature in Hexane, Mg/min in Heptane, d m i n  


27.9" 
30.0' 
33.1" 
35.4' 


34.2 
36.2 
37.9 
41.1 


23.6 
26.4 
28.0 
29.5 


mined by assaying for the amount of I transferred to the lower section 
of the column. 


Heat  of Fusion-The heat of fusion of I was determined in a differ- 
ential scanning calorimeter2 with indium as the standard. Approximately 
3 mg of I was weighed to the nearest 0.01 mg on a microbalance3 into each 
of five sample holders, which were then sealed. Empty sample holders 
were used as reference. An indium sample weighing 6.22 mg was used as 
a standard. The temperature was scanned from 416 to 430 'K for indium 
and from 316 to 338 O K  for I a t  a rate of 2.5 'C/min. Sharp and symmetric 
peaks were obtained in each case. The area under the curves was mea- 
sured with a planimeter. 


The calculation of the heat of fusion of I was based on the following 
equation: 


where AH1 is the heat of fusion of I, AH2 is the heat of fusion of indium, 
A1 is the area under the curve of the sample, A2 is the area under the curve 
of indium, W1 is the weight of the sample, and Wz is the weight of in- 
dium. 


RESULTS AND DISCUSSION 


Determination of Energy Involved in Each Dissolution Step- 
Three fundamental processes contribute to the dissolution of a solid 
immersed in a solvent, regardless of the mechanism by which dissolution 
is thought to occur (Scheme I). The three processes are: ( a )  the primary 
surface interaction leading to the continual production of a new surface 
a t  the solid-liquid interface, ( b )  solvation of the solid at  the solid surface 
or solid-liquid interface, and (c) mass transfer of the dissolved solid into 
the bulk of the solution. The slowest process determines the dissolution 
mechanism. The first two steps are interfacial interactions between the 
solid and the solvent, which are related to interfacial energy and the solid 
lattice energy. In Step 3, the mass transfer process, solvated solid is 
brought into the bulk of the solution by diffusion and/or convection. 


surface 
solid - solvent - . solid - 


solvated solid a t  c:zfer 
solid surface T E ' T  


Scheme I 


The energy required to produce a new surface or to remove a molecule 
from the surface of a solid, 1E1, is equal to the product of the interfacial 
tension between the solid and the solvent and the surface area of the solid 
or: 


AE 1 = Y S L  AA (Eq. 2) 


where AA represents the exposed surface area of a mole of solid, and y .~ / ,  
is the interfacial tension. The literature values of ysf, for I in hexane and 
heptane are 3.9 and 7.6 dynes/cm, respectively. The value of AA for I can 
be calculated from its molecular structure. The calculation is made 
possible through a knowledge of the bond lengths and bond angles (Table 
I), the fact that  the benzene ring and acetyl group are planar, and the 
assumption that the methyl group is spherical. The surface area of I 
calculated from the molecular structure, based on a two-dimensional 
planar projection and the assumption that both sides of the molecule 
interact with the solvent, is 47.08 A* or 2.83 X lo9 cm2/mole. The I E ,  
values for I in hexane and heptane calculated from Eq. 2 are 0.26 and 0.51 
kcal/mole, respectively. 


The heat of solvation consists of two energy terms. The first, AE?, is 
the energy required to break the solid lattice energy and is equal to the 


Figure 2-Temperature dependence of the solubility of I in hexane (e) 
and heptane (0). 


Model 1B. Perkin-Elmer, Norwalk, Conn. 
Cahn R. G. electrobalance. Cahn Instrument Co.. St. Paramount, CA 90723. 
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Table IV-Ehdrgy Teims hvolved in Each Step of the Dissolution of m-Tolylacetamide in Wexane and Heptane 


3.7 


3.6 


3.5 
l- 


K 
2 


a 


g 3.4 


m d  (Edissolution), 
AEi  ( AEwetting), AEz ( AEfusion), (Msolvation), M 4  ( AEdispersian), WS (AHsolution), u d  ( AEciiasolution), kcal/mole 


Sofvent l$cal/mole kcal/mole kcal/mole kcal/mole kcal/mole kcal/mole (exp) (calc. from Eq. 7) 


' 


' 


Hexane 0.26 4.15 5.61 4.17 10.0 15.9 
Heptane 0.51 4.15 4.63 5.25 9.30 15.3 


14.2 
14.6 


heat of fusion of the solid, A H p  The heat of fusion for I determined by 
differential scanning calorimetry was 4.15 kcal/mole. 


The second energy term, Ma, is the energy released or required during 
solvation. If the interaction energy between the solid and solvent is larger 
than that between solid molecules, energy is released; if the interaction 
energy is less than that existing between solid molecules, energy is re- 
puired. Altho(l$h hEs cannot be determined experimentally, it can be 
calculated from A k l ,  AEz, add the heat of solution, AHs. 


Since the amount of I in the saturated solution in hexane and heptane 
is relatively small, 60 and 646 mghiter, respectively, a t  30°, the volume 


e'qltation: 
chdngk d u h g  disso s ution may be considered negligible. From the 


AHs = AEs 4- P A V  (Eq. 3) 


it can be seen that at constant pressure the heat of solution, AHs, is equal 
to thb atitrg!, change in solution, U s .  Then: 


AH8 = A E S  = U 1 - k  A E z +  AE,, (Eq. 4) 


The heat of solution, A H s ,  is the energy difference between two 
equilibrium states, i,e , the energy of the system before and after the solid 
is dissolved. This bnergy term can be obtained from a Van't Hoff plot of 
the I soltibiiitp data (Table 11). Figure 2 shows a plot of log (I solubility) 
as a function of the reciprocal of temperature. From the slope of the line, 
values of 10.0 and 9.80 kcal/mole were calculated for the heat of solution 
of 1 in hewme and heptane, respectively. 


&'turn the experimental results of AHs, h E 1 ,  and A E z  and Eq. 4, the 
term A& can be obtained such that: 


(Eq. 5 )  


which yields &EJ = 5.60 kcal/mole for I in hexane and 4.63 kcallmole for 


A& = mS - dEl - 


1 "F 3.1 


3.0 \ 
31 32 33 


1 - x l o4  T 
Figure 3-Temperature dependence of the dispersion rate of Z in 
hexano (0) and hqptane (0) .  


I in heptane. The fact that A E s  has a positive sign shows that energy is 
required for the solvation step in addition to the heat of fusion. 


The activation energy for mass transfer or dispersion is the energy 
required to transfer the solvated solid from the interfacial region to the 
bulk of the solution. This energy, M4, can be determined from the 
temperature dependence of the liquid-liquid dispersion rate of the I 
solution into pure solvent (Table 111). If it is assumed that the dispersion 
coefficient is related to temperature in the same manner as the diffusion 
coefficient, then: 


D = D,,e-AEdRT (Eq. 6) 


where D is the dispersion coefficient, Do is a constant related to the mo- 
lecular dimensions of the solute, AEl is the activation energy for dis- 
persion, R is the gas constant, and T is the absolute temperature. Since 
the dispersion rate is proportional to the dispersion coefficient, an Ar- 
rhenius plot may be made of the dispersion rate data as a function of the 
reciprocal of temperature. Arrhenius-type plots are shown in Fig. 3. From 
the slope of the lines, values of 4.17 and 5.25 kcal/mole were calculated 
for AE, for the systems of I in hexane and heptane, respectively. 


The heat of dissolution, A&, is the energy of activation associated with 
solid dissolution. This term may also be determined from an Arrhenius 
plot using the dissolution rate in place of the dispersion rate constant. 
Figure 4 shows a plot of log (dissolution rate) uersus the reciprocal of 
absolute temperature for the dissolution of I in both hexane and heptane. 
The energies of activation determined from the slope of the lines in Fig. 
4, along with the energy terms discussed, are listed in Table IV. 


Based on these energy terms, an energy diagram (Fig. 5) can be con- 
structed. From the energy diagram, it can be seen that: 


M d  = AE1+ AE, t AE3 + AE4 (Eq. 7) 


The activation energy of dissolution, A&, can then be calculated from 
Eq. 7 and compared with the value of A E d  determined experimentally. 
This comparison is shown in Table IV. 


The comparison between the experimental value of h E d  and the value 
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Figure 4-Temperature dependence of the dissolution rate of I in 
hexane (0) and heptane (0) .  
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process a t  the interface between the solid and solvent, is larger than U4, 
which is related to the dispersion process. This finding may also indicate 
that the energy barrier for dissolution of I is the interaction between the 
solvent and solid a t  the interface and not the mass transfer of solute into 
the bulk solution. 
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Effect of Laboratory Light on 
Tetrazolium Reaction and on Stability of 
Formazans in Various Solvents 


ROBERT E. GRAHAM *X, EDWARD R. BIEHL f ,  and CHARLES T. KENNER f 


Abstract Studies on purified formazans of blue tetrazolium and tri- 
phenyltetrazolium showed that ordinary laboratory fluorescent light of 
about 52-foot-candle intensity provided sufficient energy for photo- 
transformation in certain nonpolar solvents. Slow reoxidation of formazan 
to tetrazolium was observed in all solvents tested in the presence or ab- 
sence of light. Water greatly inhibited the oxidation of the red formazan 
of blue tetrazolium. The blue formazan of blue tetrazolium isomerized 
to the red formazan in protic solvents in the presence and absence of light. 
The photochromic phenomena for the blue formazan of blue tetrazolium 
and the formazan of triphenyltetrazolium in cyclohexane were completely 
reversible when exposed to alternate periods of intense light and dark- 
ness. Under irradiation, the formazans of blue tetrazolium and triphe- 
nyltetrazolium in chloroform solution formed their respective photo- 
formazans; darkness reversed the process, and continued exposure of the 
same solutions for extended times or a t  a higher light intensity created 
a solution whose spectrum was no longer reversibly affected by the 


presence or absence of light. When alcohol USP is used as the solvent for 
the quantitative determination of corticosteroids, no light precautions 
need be observed, although reagent blanks have higher absorbances than 
light-protected solutions. Exact compensation is made by running 
samples and standards uersus the reagent blank as recommended by the 
USP. When other solvents and/or tetrazolium reagents are used, special 
precautions may be required to keep the reagents, developing solutions, 
and final formazans protected from light to ensure a quantitative reac- 
tion. 


Keyphrases 0 Tetrazolium reagents-effect of laboratory light, various 
solvents 0 Formazans-of blue tetrazolium and triphenyltetrazolium, 
stability, effect of laboratory light, various solvents 0 Phototransfor- 
mation-formazans of blue tetrazolium and triphenyltetrazolium, effect 
of various solvents Stability-formazans of blue tetrazolium and tri- 
phenyltetrazolium, effect of laboratory light, various solvents 


The blue tetrazolium reaction is widely used for the 
analysis of corticosteroids. USP XIX (1) and NF XIV (2) 
indicate a slightly modified Mader and Btick procedure (3) 
for corticosteroid analysis. Blue tetrazolium (I) [3,3’- 
(3,3’-dimethoxy -4,4’- biphenylylene)bis(2,5-diphenyl- 
2H- tetrazolium chloride)] and triphenyltetrazolium (11) 
(2,3,5-triphenyl-2H-tetrazolium chloride) oxidize the a- 
keto moiety of the C17 side chain in strongly alkaline so- 
lution and are reduced quantitatively to highly colored 
formazans, which are measured spectrophotometrically. 


The analytical procedure is subject to several variables 
such as temperature (4-6), solvent (1-3, 7-13), and con- 
centrations of base (14), water (6,14), and tetrazolium (6), 


as well as the steric configuration of the corticosteroid 
molecule (15). The effect of these variables is minimized 
by analyzing reagent blanks, standards, and samples 
concurrently. 


Light may or may not influence the tetrazolium reaction. 
For example, both I1 (16, 17) and I1 formazan (10, 12, 
16-19) were reported to be light sensitive. Photochemical 
reoxidation of I1 formazan to the tetrazolium salt in the 
presence of intermittent UV irradiation was observed (20). 
The I formazan was reported (21) to be photosensitive in 
chloroform solution, and the sensitivity of I to light in 6Wh 
chloroform was observed (11) to present problems in the 
assay. The use of actinic glassware was recommended in 
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Synthesis of 
10~-Methoxy-A8~9-lysergaldehyde from Elymoclavine 


TUNG-CHUNG CHOONG, BRIAN L. THOMPSON *, and 
H. RICHARD SHOUGHX 


Abstract o A new synthesis is described for lOa-meth~xy-A~.~-ly- 
sergaldehyde involving the oxidation of elymoclavine with manganese 
dioxide in methanol. Lysergol and agroclavine provide no reaction under 
the same conditions. 


Key phrases o lOa-Meth~xy-A~~~-lysergaldehyde-synthesized by ox- 
idation of elymoclavine with manganese dioxide in methanol 0 Alkaloids, 
ergot-lOa-methoxy-Aa~g-lysergaldehyde, synthesized by oxidation of 
elymoclavine with manganese dioxide in methanol Elymoclavine- 
oxidized with manganese dioxide in methanol to lOa-metho~y-A~~~-ly- 
sergaldehyde 


Elymoclavine (I) is well established as an intermediate 
in the biosynthesis of the lysergic acid-type ergot alkaloids 
(1). The oxidation of elymoclavine at  C-17 is of interest 
because As79-lysergaldehyde (11) and/or AgJO-lysergal- 
dehyde are possible biosynthetic intermediates and be- 
cause of the well-known pharmacological properties of the 
ergot alkaloids. Elymoclavine is easily oxidized to the 8- 
hydroxy-A9J0 derivatives penniclavine and isopenniclavine 
(2), and chanoclavine (6,7-seco-elymoclavine) is readily 
oxidized to chanoclavine aldehyde (3), but the hydroxy- 
methyl group of elymoclavine has proven quite resistant 
to common oxidants (4,5). 


Lin et al. (4) obtained the enol acetate of A9JO-ly- 
sergaldehyde (6-methyl-8-acetoxymethylene-9-ergolene) 
by dimethyl sulfoxide-acetic anhydride oxidation of ely- 
moclavine. Mayer and Eich (5 )  obtained traces of lysergic 
acid by Oppenauer oxidation of elymoclavine and small 
yields of dihydrolysergic acid from dihydroelymoclavine. 
Dihydrolysergaldehyde has been prepared by reduction 
of lysergic acid derivatives (6). 


The manganese dioxide oxidation of l0a-methoxy- 
elymoclavine (111) to lOa-methoxy-A8~9-1ysergaldehyde 
(IV) was reported (7). Compound I11 was obtained by hy- 


R, 
I 


H 


I: R ,  = CH OH, R, = H 


111: R, = CH d H ,  R, = OCH, 
IV: R,  = CHb,  R, = OCH 


VI: R,  = CH,, R, = d 


11: R, = C H b  R , = H  


V: R ,  = COOCH,, R = dCH, 


dride reduction of the l0a-methoxy ester (V) prepared by 
mercuric acetate oxidation of methyl lysergate in methanol 
(8). This was the first successful attempt to obtain a ly- 
sergaldehyde by oxidation of an elymoclavine deriva- 
tive. 


Previous attempts in this laboratory to prepare ly- 
sergaldehydes from elymoclavine also were unsuccessful. 
However, 10a-methoxy-A8~9-lysergaldehyde (IV) can be 
prepared in good yield by the direct oxidation of elymo- 
clavine with manganese dioxide in methanol. 


EXPERIMENTAL‘ 


For the preparation of IOa-methoxy-Aa~g-lysergaldehyde (IV), ely- 


1 Melting points were determined on a Thomas-Hoover Uni-Melt meltingpoint 
apparatus and are uncorrected. UV spectra were run on a Beckman model 24 
s ectrophotometer. IR spectra were run in potassium bromide using a Beckman 
Ik-8 spectrophotometer. NMR spectra were obtained in deuterochloroform on a 
deol C-60H spectrometer with tetramethylsilane as the internal standard. Mass 
npectra were recorded on an LKB-9000S spectrometer. 
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moclavine2 (2.0 g, 7.9 mmoles) in methanol (400 ml) was treated with 20 
g of manganese dioxide (9), and the mixture was stirred at  room tem- 
perature. After 12 hr, the mixture was filtered, the filtrate was evaporated 
to dryness, and the residue was dissolved in 10 ml of chloroform. TLC 
on silica gel G with an ethyl acetate4imethylformamide-ethano1(131:1) 
solvent revealed a major product (Rf  0.77) that was nonfluorescent and 
gave a green color with Ehrlich’s reagent, a small quantity of unreacted 
elymoclavine (Rf  0.23), and only traces of other Ehrlich-positive com- 
pounds. 


Purification of the product was accomplished by chromatography on 
a silica gel (40 g) column with chloroform as the solvent. Recrystallization 
from chloroform-hexane provided 1.2 g (55% yield) of small white needles, 
mp 192-194°dec.; UV: h,’(ethanol) 223 (log 6 4.58) and 297 (3.73) nm; 
I R  vmax (KBr) 3170,2930,2800,1680,1400,1180,1070,900, and 750 cm-’; 
NMR: 6’2.56 (s, 3H, NCHs), 3.13 (s, 3H, OCH& 6.9P7.44 (m, 4H, indole), 
7.67 (s, lH,9=CH),8.33 (s, lH,NH),and 9.67 (s,lH,CHO) ppm.The 
mass spectrum showed a molecular ion at  mle 282 (100) and a prominent 
ion at mle 154 (48) characteristic of ergolines (10). 


The product was compared with a reference sample3 of IV and was 
identical in all respects (TLC; melting point; and UV, IR, NMR, and mass 
spectra). 


DISCUSSION 


Ergoline derivatives including ethers related to IV have been of interest 
recently as potential prolactin inhibitors (11) and a-adrenergic blocking 
agents (12). The manganese dioxide oxidation of elymoclavine in meth- 
anol provides a convenient one-step synthesis of IV from a readily 
available starting material. 


It was also of interest to obtain some indication of whether manganese 
dioxide might be useful for the C-17 andlor C-10 oxidation of other er- 
golines. For this purpose, lysergol, the Ag~lO-isomer of elymoclavine (I), 
and agroclavine (VI) were treated under the same conditions used for the 
oxidation of elymoclavine. Lysergol was unchanged under these condi- 
tions, which was not surprising since manganese dioxide is most effective 
for the oxidation of allylic alcohols (13). However, it was interesting that 
agroclavine was also unreactive since C-10 oxidation of the Aa*9-ergolenes 


2 Isolated from ergot strain SD 58 provided by Dr. James,E. Robbers, Department 
of Medicinal Chemistry and Pharmacognosy, Purdue University, West Lafayette, 
Ind. 


Provided by Dr. E. C. Kornfeld, Eli Lilly Co., Indianapolis, Ind. 


can he accomplished with various oxidizing agents (1, 2). Additional 
studies are required to determine the precise utility of manganese dioxide 
for the C-17 and C-10 oxidation of ergolines. 
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Direct Complexometric Titration of Calcium Phosphates 


MURRAY M. TUCKERMAN” and M. ELEANOR SANCHEZ de RAMOS 


Abstract Calcium was determined in calcium phosphate samples by 
dissolving the sample in hydrochloric acid, adding hydroxynaphthol blue 
indicator and triethanolamine, adjusting the pH to 12.3-12.5 with po- 
tassium hydroxide solution, and titrating with standard disodium eth- 
ylenediaminetetraacetate solution. Time can be saved and the formation 
of a precipitate (which dissolves readily during the titration) can be 
avoided by adding at  least 85% of the amount of complexing agent re- 
quired for titration before adjusting the pH. 


Keyphrases 0 Calcium-complexometric analysis in dibasic and tribasic 
calcium phosphates, bulk drug and tablets Complexometry-analysis, 
calcium in dibasic and tribasic calcium phosphates, bulk drug and tab- 
lets 


Previously, calcium was determined in the presence of 
phosphate complexometrically by the addition of excess 
complexing agent and determination of the excess, after 
separation from phosphate by ion exchange (l), and also 


after removal of phosphate by formation and extraction 
of phosphomolybdate (2). All of these efforts are based on 
the impossibility of a direct complexometric titration of 
calcium in the presence of equivalent amounts of phos- 
phate. This paper reports a simple, rapid, direct com- 
plexometric titration of calcium in the presence of phos- 
phate. 


EXPERIMENTAL 


All reagents and volumetric solutions were those specified in USP XIX. 
All experiments were done according to the following general directions, 
modified as indicated. 


General Method-Dissolve a sample expected to contain about 225 
mg of calcium, accurately weighed, in 15 ml of hydrochloric acid and 10 
ml of water contained in a 100-ml volumetric flask, with the aid of gentle 
heat if necessary, and cool to room temperature. Dilute to volume with 


Vol. 66, No. 9, September 1977 I 1341 








of 0.523-0.603%), respectively. Five mass spectra for each compound were 
determined a t  120". 


Ten spectra from m/e 240 to 324 were then run at 111" for A and B 
under identical conditions. The intensities of the ions at m/e 323 were 
compared to those at  m/e 321 for A and B using the formula [(M t 2)/M + (M + 2)] X 100%, where M + 2 and M were the intensities of the ions 
a t  m/e 323 and 321, respectively. The values for A and B were 11.3 and 
3.4%, respectively. The percentage hydrolysis proceeding uia aryl oxygen 
cleavage, 28.9%, was obtained from the expression [(11.3 - 3.4)/(38 X 
0.72)] X 100,38 and 0.72 being the atom percent of H2I8O and the frac- 
tional purity of 11, respectively. The intensities of the ions a t  m/e 308 and 
306 were evaluated similarly, and the percentage of aryl ester cleavage 
was 28.096. 
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New Rapid Determination of 
Pyridoxal Phosphate Using Tyrosine Phenol-lyase 


G. G. MEADOWS, L. BOZE, and G. W. ELMER" 


Abstract A rapid, specific, and precise spectrophotometric assay for 
the determination of pyridoxal phosphate is described.The assay allows 
for the determination of the cofactor between 0.1 and 1.0 fig/ml. Its ap- 
plicability to pyridoxal phosphate in biological fluids was demonstrated 
by a determination of the plasma half-life in BDFl mice. Pyridoxal 
phosphate is absorbed rapidly from the peritoneal cavity and cleared from 
the plasma with a half-life of about 15 min. 


Keyphrases 0 Pyridoxal phosphate-spectrophotometric analysis, 
biological fluids 0 Spectrophotometry-analysis, pyridoxal phosphate 
in biological fluids Enzyme cofactors-pyridoxal phosphate, spec- 
trophotometric analysis in biological fluids 


Pyridoxal phosphate is a cofactor for several enzymes 
that participate in amino acid metabolism (1). Because of 
this metabolic significance, there is considerable interest 
in quantitating both suboptimal and elevated plasma 
pyridoxal phosphate levels. The latter interest stems from 
the observation that megadoses of pyridoxine have bene- 
ficial therapeutic effects in certain vitamin-responsive 
genetic diseases (2,3). Increased circulating levels of pyr- 
idoxal phosphate may also be of benefit in enhancing the 
antitumor activity of several pyridoxal phosphate-de- 
pendent enzymes such as methioninase (4,5) and tyrosine 
phenol-lyase (6). 


To elevate pyridoxal phosphate levels in mice in a pre- 
vious study (6), large amounts of the cofactor were injected. 
To quantitate and follow the fate of exogenously admin- 
istered pyridoxal phosphate in mice, a rapid assay utilizing 
tyrosine phenol-lyase was developed. Although other en- 
zymatic assays specific for pyridoxal phosphate were re- 


ported (7-g), they are hampered by the fact that radi- 
onuclides andlor extraction of the cofactor are required. 
These procedures can be both time consuming and costly. 
The described assay utilizes pyridoxal phosphate-depen- 
dent tyrosine phenol-lyase in a coupled reaction with lac- 
tate dehydrogenase and NADH. Pyridoxal phosphate 
levels can be easily and rapidly ascertained by spectro- 
photometric measurements. 


EXPERIMENTAL 


Materials-Tyrosine phenol-lyase was purified from Erwinia her- 
bicola (ATCC 21434) as described (6). When purified by this method, 
the enzyme has less than 2% of maximal activity in the absence of pyri- 
doxal phosphate. Pig heart lactate dehydrogenasel, A grade pyridoxal 
5'-phosphate1, and NADH' were used in the coupled assay. All other 
reagents were analytical grade. 


Pyridoxal Phosphate Assay Procedure-Tyrosine phenol-lyase 
catalyzes tyrosine degradation to pyruvate, phenol, and ammonia. The 
enzyme activity was determined using the continuous spectrophotometric 
assay previously reported (6), except that the enzyme was preincubated 
with the pyridoxal phosphate, lactate dehydrogenase, and NADH for 10 
min at 37" prior to addition of tyrosine. The assay measures the formation 
rate of pyruvate by a coupled reaction using lactate dehydrogenase and 
NADH. Oxidation of NADH is followed spectrophotometrically. One 
international unit (IU) of enzyme activity is defined as the amount of 
enzyme that catalyzes the formation of 1 pmole of product/min. 


A n  adaptation of this assay was used for pyridoxal phosphate. Samples 
containing pyridoxal phosphate (0.5 ml) were preincubated for 10 min 
with 0.05 IU of tyrosine phenol-lyase (0.5 ml), 200 ymoles of NADH (0.5 
ml), and 1.0 IU of lactate dehydrogenase (0.5 ml). Then 2.5 pmoles of 


1 Calbiochem, Los Angeles, Calif. 
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Table I-Comparative Activation of Tyrosine Phenol-lyase by 
Pyridoxal Phosphate Incubated in Plasma o r  Buffer 


P ridoxal Phosphate Ratio of 
fncubation Time, Enzyme Activity in 


hr Plasma to Buffer 


0.0 1 .oo 
0.5 0.96 
1 .o 1 .oo 
3.0 0.96 
8.0 0.66 


12.0 0.45 
23.0 0.20 


L-tyrosine and 150 pmoles of pH 7.4 potassium phosphate buffer (1 ml) 
were added to start the reaction, which was run at  37”. The rate of de- 
crease in absorbance of NADH at  340 nm was used to calculate the en- 
zyme activity. All values were corrected for any activity of the tyrosine 
phenol-lyase obtained in the absence of pyridoxal phosphate (<2% of 
maximal activity). 


Effect of Plasma on Pyridoxal Phosphate Assay-Pyridoxal 
phosphate (10 pg/ml) was incubated at  37” in mouse plasma and in 0.01 
M potassium phosphate buffer (pH 7.4) for the indicated time (Table 
I). Sodium azide (0.025%). which had no effect on enzyme activity, was 
added to inhibit bacterial growth. The mouse plasma used was obtained 
from BDF12 female mice by orbital bleeding (10) just prior to use. Ali- 
quots were removed at  the indicated times, diluted 1:lO with 0.01 M 
potassium phosphate buffer (pH 7.4), and assayed for pyridoxal phos- 
phate. 


Pyridoxal Phosphate Half-Life Determination-BDF1 female 
mice, 1&26 g, were housed in metal cages, four mice to a cage. Food3 and 
water were available ad libitum prior to the pyridoxal phosphate injec- 
tion, and then only water was available. All mice were injected with 50 
mg of pyridoxal phosphatekg ip in 0.01 M potassium phosphate buffer 
(pH 7.4). The injection volume was about 0.2 ml. 


At the indicated times, blood samples from four mice were removed 
by orbital bleeding (10) and transferred to prechilled heparinized tubes. 
Each sample was centrifuged at  4” for 10 min, and the plasma was ap- 
propriately diluted and assayed for pyridoxal phosphate. 


RESULTS AND DISCUSSION 


Under these conditions, the enzyme activity was linear over the range 
of 0.1-1.0 pg of pyridoxal phosphate/ml. The coefficients of variation for 
triplicate samples’of pyridoxal phosphate in 0.01 M potassium phosphate 
buffer (pH 7.4) were 13.3% at  0.1 pg/ml, 8% at  0.2 pglml, 6.1% at  0.4 pg/ml, 
3.9% a t  0.8 pg/ml, and 5.2% at 1.0 pg/ml. The data indicate that this assay 
provides a precise determination of the cofactor between 0.1 and 1.0 
pg/ml. In addition, values can be obtained rapidly with a minimum 
amount of equipment. A single determination, depending on the pyri- 
doxal phosphate concentration, can be completed within 5-20 min. 


To measure the i n  uiuo half-life of pyridoxal phosphate in mice, it was 
necessary to ascertain whether plasma interfered with the assay. Because 
almost all circulating pyridoxal phosphate is bound to plasma proteins, 
particularly albumin (11-13), it was necessary to distinguish between 
removal of the injected cofactor through binding to plasma proteins and 
removal by metabolism. The results in Table 1 demonstrate that recovery 
of cofactor added to plasma is complete provided the plasma pyridoxal 
phosphate incubation period is within 3 hr. Substantially longer incu- 
bation periods resulted in diminished recovery values. 


This lower recovery is interpreted as resulting in part from a slow 
binding of pyridoxal phosphate to plasma proteins and the inability of 
tyrosine phenol-lyase to utilize protein-bound cofactor completely. In- 
deed, an albumin-pyridoxal phosphate complex (l : l) ,  when used as a 
source of cofactor for the enzyme, resulted in a reduction of enzyme ac- 
tivity tQ 64% of maximal4. Masugi et al. (14) reported that albumin-bound 
pyridoxal phosphate was also not as effective as unbound pyridoxal 
phosphate in activating apoaspartate amino transferase. Pyridoxal 
phosphate determinations on samples containing substantial amounts 
of protein-bound cofactor would, therefore, require an extraction step 
(9) prior to the effective use of the tyrosine phenol-lyase assay proce- 
dure. 


Charles River Breeding Laboratories, Wilmington, Mass. 
Purina Laboratory Chow. 
Unpublished results. 
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Figure 1-Plasma clearance of pyridoxal phosphate following ad- 
ministration of 50 mglkg i p  t o  BDFl female mice. 


Plasma pyridoxal phosphate levels following a single injection into 
BDFl mice are shown in Fig. 1. The results demonstrate that the cofactor 
is absorbed very rapidly when administered by intraperitoneal injection 
and is cleared from plasma with a half-life of about 15 min. Since all 
measurements were made within 3 hr, the data reflect true clearance from 
the plasma rather than binding to plasma proteins. This rapid clearance 
may be a result of hydrolysis of pyridoxal phosphate to pyridoxal by an 
alkaline phosphatase (15-17). 


The described assay is rapid and convenient for measuring elevated 
levels of pyridoxal phosphate in laboratory animals and may be useful 
for monitoring blood levels of this cofactor when megadoses are admin- 
istered. 
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New Compounds: Organoboron Derivatives of 
Tetracyclines I: Synthesis of 
Carboxamido Derivative of Tetracycline with 
Perhydro-2-phenyl-l,3,6,2-dioxazaborocine 


CHARLES W. ROSCOE x, JOHN W. PHILLIPS *, and 
WILLIAM C. GILLCHRIEST 


Abstract An organoboron carboxamido derivative of tetracycline, 
designed for use in the 'B-thermal neutron-capture treatment of cancer, 
was synthesized under the conditions of the Mannich reaction using 
perhydro-2-phenyl-l,3,6,2-dioxazaborocine as the amine component. 
Spectral data (UV, IR, and NMR) for the compound and its hydrolytic 
stability are discussed. 


Keyphrases Organoboron compounds-carboxamido derivative of 
tetracycline synthesized, UV, IR, and NMR spectral data and hydrolytic 
stability evaluated 0 Tetracyclines-organoboron carboxamido deriv- 
ative synthesized, UV, IR, and NMR spectral data and hydrolytic sta- 
bility evaluated 0 Antineoplastic agents, potential-organoboron car- 
boxamido derivative of tetracycline synthesized, UV, IR, and NMR 
spectral data and hydrolytic stability evaluated 


The avidity of the tetracycline antibiotics for various 
types of neoplastic cells (1-17) suggested their possible use 
as carrier molecules for selectively localizing the neu- 
tron-absorbing isotope of boron, '$3, in malignant tumors. 
The potential therapeutic value of boron thermal neutron 
capture in situ was first discussed by Locher (18) in 
1936. 


BACKGROUND 


Successful use of a boron compound in the neutron-capture treatment 
of cancer requires its selective uptake by neoplastic cells and its retention 
for a sufficient period to allow for the clearance of the compound from 
other body tissues prior to thermal neutron exposure (19-21). Boron was 
recognized early as an ideal element for this purpose because of the large 
neutron-capture cross section of its naturally occurring '$-isotope. The 
energy released from the neutron-capture reaction, 'EB + An - [':B] - 
ZLi + ;He + 2.4 MeV, where ,$I represents thermal or slow neutrons having 
energies of about 0.025 ev, is sufficient t o  cause localized destruction of 
boron-containing tumor cells. 


Numerous reports on the preparation and evaluation of organoboron 
compounds for possible use in the neutron-capture treatment of cancer 
have appeared. With few exceptions, however, the results have been 
disappointing, primarily because the compounds lacked the necessary 
specificity to achieve acceptable ratios of tumor to normal tissue boron 
concentrations. 


Because of the specific binding of tetracycline to ribosomes (22-281, 
tetracycline should be an ideal vehicle for transporting the fissionable 
element to rapidly proliferating neoplastic cells. Although the precise 
nature of the interaction between tetracycline and ribosomes remains 


to be established (24), suitable boronated derivatives might exhibit 
similar ribosomal binding characteristics. On this basis, the design and 
syntheses of boron-containing derivatives of the tetracyclines were un- 
dertaken. One borocine derivative' showed potential in neutron-capture 
experiments with adenocarcinoma-bearing mice (291, and the results of 
a human neoplastic cell culture study (30) suggested that the compound 
might be interacting a t  the ribosomal level. 


The subject of this report is the synthesis of a new borocine Man- 
nich-base derivative of tetracycline, characterized as 4-dimethyl- 
amino - 1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy-6- 
methyl-l~,ll-dioxo-N-[(perhydro-2-phenyl-1,3,6,2-dioxazaborocin -6- 
yl)methyl]-2-naphthacenecarboxamide (111). The Mannich base was 
prepared from tetracycline (I), perhydro-2-phenyl-l,3,6,2-dioxazabo- 
rocine (II), and paraformaldehyde, (CHzO),, using a modification of the 
methods of Gottstein et al. (31) for preparing carboxamido derivatives 
of I (Scheme I). 


EXPERIMENTALz 


Perhydro-2-phenyl- 1,3,6,2-dioxazaborocine (11)-This compound 
was prepared according to the method of Musgrave and Park (32) from 
2,2'-iminodiethanol and phenylboronic acid, mp 214' [lit. mp 209.5-210O 
(32) and 214-215' (33)]; IR (KBr): urnax 3100 (NH), 2900,2850 (CH), 1200 
(N - B) (34), 1175 (CO), 920 (N - B) (34), 750, and 705 (Ar) crn-'; NMR 
(deuteromethanol): d 2.55-3.17 (m, 4H), 3.47-4.10 (m, 4H), 4.77 (s, lH),  
and 7.07-7.67 (m, 5H) ppm. 


Compound 111-A mixture of 4.32 g (8.68 mmoles) of I, 1.66 g (8.68 
mmoles) of 11, and 0.312 g (10.4 mmoles) of paraformaldehyde in 200 ml 
of absolute ethanol was gradually heated to reflux with stirring over 1 hr; 
nearly all solids dissolved during this time. The hot mixture was filtered, 
and the filtrate, after standing in the cold overnight, yielded 4.75 g (80%) 
of 111 as a water-soluble (-25%), yellow, amorphous solid, mp 300' dec.; 
[a]:: -156' (c 0.907, water); UV (methanol): X 268 (log a 4.31) and 366 
(4.26) nm. 


Anal.-Calc. for C ~ ~ H ~ S B N ~ O ~ W ~ H ~ O :  C, 57.99; H, 6.19; B, 1.58; N, 
6.16. Found: C, 58.09; H, 6.16; B, 1.49; N, 5.97. Equivalent weight by ti- 
tration (perchloric acid in acetic acid) is 340, and water content (Karl 
Fischer) is 5.5% (C33H38BN3010. 2Hz0, mol. wt. 683.53, requires 342 and 
5.3%, respectively). 


1 The chemical characterization of this compound will be the subject of another 
report. 


2 Melting points were determined on a Kofler micro hot stage and are uncorrected. 
Elemental analyses were performed by the Galbraith Laboratories, Knoxville, Tenn. 
UV and IR spectra were recorded on Hitachi P-E 139 and Beckman IR-5A and 
IR-10 spectrophotometers. NMR spectra were recorded on Varian A-60 and T-60 
instruments with tetramethylsilane as the internal standard. Mass spectra were 
recorded on an A.E.I. MS9 instrument. 
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Table I-Urinary Excretion and Whole Blood Concentrations of 
Cimetidine with Related Parameters in  12 Human Subjects 
following Administration of Two Identical Single Oral Doses of 
200 mg of Cimetidine 


A Dose 
Parameter Dose1 Dose11 11" 


Average whole blood concentration 
and average intrasub'ect change, 
Dose I - Dose 11, rgjml, at: 


0.5 hr 
1.0 hr 
1.5 hr 
2.0 hr 
3.0 hr 
4.0 hr 
6.0 hr 
8.0 hr 


Average of individual peak whole 
blood concentrations, pglml 


Average peak time, hr 
Average area under whole blood 


concentration curves, 0 - 8 hr, 
rg/ml X hr 


Mean elimination half-life, hr 
Mean urinary excretion of cimetidine 


and mean 'mtrasubject change, 
Dose I - Dose 11, as % of dose, 
in intervals of: 


0-3 hr 
3-12 hr 


12-24 hr 


0.65 0.71 
1.02 0.98 
0.86 0.85 
0.72 0.71 
0.59 0.58 
0.37 0.40 
0.16 0.17 
0.09 0.08 
1.07 1.01 


1.13 1.25 
3.52 3.59 


1.90 1.72 


32.4 33.0 
23.4 23.2 


1.9 1.6 


0.19 
0.16 
0.12 
0.13 
0.15 
0.09 
0.04 
0.03 


5.6 
7.7 
1.1 


A Dose I1 is the absolute difference, regardless of the direction of change. 


drug from the 16 spiked samples was 99.2 f 1.1%. None of the control 
urines tested contained material that interfered with the analysis of 
cimetidine. 


Mean blood levels and urinary excretion of drug for the 12 human 
subjects in the clinical study are shown in Table I. Also presented are 
parameters related to blood concentration data. Elimination half-lives 
of the drug in blood were obtained by fitting concentration data from the 
4-, 6-, and 8-hr blood samples, using the method of least squares. Areas 
under blood level curves were computed with a trapezoidal program. No 
statistically significant differences were found in mean blood levels or 
urinary excretion of cimetidine, or in any related parameters, when Doses 
I and I1 were compared. 


Metiamide, also an Hz-receptor antagonist, was employed in earlier 


studies of the effects of this class of compounds on gastric acid secretion. 
Obviously, since the method employs metiamide as the internal standard 
in the analysis of cimetidine, the reverse situation may be applied to 
analyze for metiamide. This analysis was successful on a number of 
samples. The only changes were that a detector wavelength of 235 nm 
was used and that concentrations of cimetidine in internal standard so- 
lutions were 0.5 (blood) and 5 (urine) mg/ml. 


The described method is satisfactory for analysis of cimetidine and 
metiamide, both in its reproducibility and sensitivity. By application of 
the analytical procedure, i t  was determined that cimetidine is well ab- 
sorbed following an oral dose, as indicated by the urinary excretion and 
blood levels of the drug. In clinical trials, the blood levels of cimetidine 
were measured and correlated with the inhibition of gastric acid secretion 
(4-6). These correlations, obtained with different doses of cimetidine, 
have been helpful in assessing the effect of circulating drug on gastric acid 
secretion. 
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Anthelmintic 2 - Arylhy drazino - and 2 - Ary lazo - 2 - thiazolines 


M. T. WU, F. S. WAKSMUNSKI, D. R. HOFF, 
M. H. FISHERx, J. R. EGERTON, and A. A. PATCHETT 


Abstract Some 2-arylhydrazino- and 2-arylazo-2-thiazolines were 
synthesized for anthelmintic testing. The most potent compound, 2- 
(o-tolylazo)-2-thiazoline, was orally effective in sheep against a broad 
range of helminths. 


Keyphrases Thiazolines, substituted-synthesized, evaluated for 
anthelmintic activity in sheep Anthelmintic activity-evaluated in 
various substituted thiazolines in sheep Structure-activity relation- 
ships-various substituted thiazolines evaluated for anthelmintic activity 
in sheep 


In a search for anthelmintic activity in novel structures, 
the known neuromuscular blocking agent 2-amino-2- 


thiazoline (I) (1) had a paralytic effect on third-stage larvae 
of Haemonchus contortus in vitro, similar to that of the 
anthelmintic drugs tetramisole and pyrantel. No activity 
could be demonstrated in in vivo assays. However, with 
this in vitro activity as a starting point, a series of related 
compounds was synthesized and tested for in uivo an- 
thelmintic activity. 


I 
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R I S  I II 
R,-"HCNHz Table I-Physical Properties of 1 -Substituted 3-Thiosemicarbazidesa 


Analysis, % 
Com- Yield, Crystallization bs Melting Molecular 
pound Rl R, % Solvent Point Formula Calc. Found 


I1 


I11 


IV 


V 


VI 


VIIb 


VIIIC 


IXd 


X 


XI 


XI1 


XI11 


XIV 


2-CH,C6H4 


3-CH,C6H, 


4-CH,C6H4 


2-C,H,C6H4 


Z-CH,OC,H, 


4-CH30C,H4 


X-ClC'H, 


4-ClC,H4 


4-N0,C6H4 


2,6-(CH, ),C,H, 


2,6-(C1)2C6H3 


C6H5 


C'H, 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


CH3 


C 6 H S  


85  


54 


58  


69 


42 


22 


46 


11 


90 


46 


99 


46  


53 


Ethanol 


Ethanol-water 


Ethanol 


Ethanol 


Ethanol 


Ethanol 


Ethanol 


Ethanol 


Ethanol-water 


Ethanol 


Ethanol-water 


Ethanol 


Ethanol 


158-160" 


146-147" 


176-177.5' 


182-183" 


190-19 1" 


212-213" 


18 7-1 88" 


200-201" 


187-189" 


204-205" 


232-233.5" 


191-192" 


213-215" 


C 53.03 
H 6.12 
N 23.19 
C 53.03 
H 6.12 
N 23.19 
C 53.03 
H 6.12 
N 23.19 
C 55.36 
H 6.71 
N 21.52 
C 48.73 
H 5.62 
N 21.31 
C 48.73 
H 5.62 
N 21.31 
C 41.69 
H 4.00 
N C 41.69 20.84 


H 4.00 
N 20.84 
C 39.63 
H 3.80 
N 26.41 c 55.35 
H 6.71 
N 21.52 
C 35.60 
H 2.97 
N 17.77 
C 53.03 
H 6.12 
N 23.19 
C 64.19 
H 5.39 
N 17.27 


52.89 
6.26 


23.47 
52.98 


6.04 
23.16 
52.67 


6.05 
23.10 
55.55 


6.68 
21.56 
49.10 


5.47 
21.29 
49.02 


5.71 
20.98 
41.77 


4.17 
20.56 
41.67 


4.06 
20.80 
39.77 


3.64 
26.27 
55.26 


6.92 
21.34 
35.61 


3.02 
17.83 
52.69 


6.12 
22.81 
64.32 


5.15 
17.36 


=Method A was used; see Experimental. T. Pyl, K. H. Scheel, and'H. Beyer,J. Prakt.  Chem., 20 (5-6), 255 (1963). C P .  M. Parish and C. V. Del- 
wali,lndianJ. Chem., 3 , 4 5  (1965). d J .  V. Mandlik and V. A. J. Patwardhan, Uniu. Poona Sci.  TechnoL, No. 1, 20, 45 (1961);  throughChem. Abstr., 
55, 27274e (1961). 


RESULTS AND DISCUSSION 


Chemistry-The compounds prepared are listed in Tables I-IV. 
Synthetic procedures, generalized where possible, are described under 
Experimental. 


1-Aryl-3-thiosemicarbazides (Table I, 11-XIV) were prepared from 
the corresponding arylhydrazine hydrochlorides by treatment with 
ammonium thiocyanate. Arylhydrazine hydrochlorides not commercially 
available were prepared by a described procedure (2). 2-Arylhydrazino- 
2-thiazolines (Table 11, XV-XXVI, XXVIII, and XXIX) were synthe- 
sized by reaction of 1-aryl-3-thiosemicarbazides with 2-bromoethylamine 
hydrobromide in refluxing 2-propanol(3). 2-Arylazo-2-thiazolines (Table 
111, XXX-XXXIV) were prepared by oxidation of the corresponding 
2-arylhydrazino-2-thiazolines with silver oxide in ethyl acetate (Scheme 
I). 2-(2-Pyridylhydrazino)-2-thiazoline (XXVII) was synthesized by 


xv-XXVI, XXVIII, XXIX 


xxx-XXXIV 


direct reaction of 2-hydrazinopyridine with 2-methylmercapto-2-thia- 
zoline (4) (Scheme 11). 


Air oxidation of 2-(o-tolylhydrazino)-2-thiazoline (XVI) mixed with 
sodium carbonate in refluxing ethanol gave 2-(o-tolylazo)thiazole 
(XXXV) in good yield (Scheme I). The dihydrothiazine (XXXVI) was 
obtained from the reaction of o-tolylhydrazine hydrochloride with 3- 
chloropropyl isothiocyanate (5) in the presence of triethylamine. Oxi- 
dation to the azo derivative (XXXVII) was achieved with silver oxide 
(Scheme 111). 


Scheme 11 


XXXVI 


xxxv 
Scheme I 
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Table 11-Physical Properties of 2-Ar ylhydrazino-2-thiazolinesa R,--ANH--JI~I 
Analysis, % 


Com- Yield, Crystallization Melting Molecular 
pound Rl R, % Solvent Point Formula Calc. Found 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


XXIII 


XXIV 


xxv 


XXVI 


XXVII 


XXVIII 


XXM 


C6H5 


2-CH3C,H, 


3-CH3C,H, 


4-CH,C6H, 


2-C,H,C6H, 


2-CH30C,H, 


4-CH30C,H, 


2-ClC6H, 


4-C1C,H4 


4-NO,C6H, 


2,6-(CH3)2C6H3 


2?6-(C1)2C6H3 


2-Pyridyl 


C6H5 


C6H5 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


CH3 


C6H5 


24 


43  


75 


70 


86  


48  


51  


71  


85 


37 


63  


8 


40 


25 


29 


Ethanol-water 


Methanol-water 


Ethyl acetate- 


Ethanol-water 


Ether 


Ethanol 


Methanol 


Ethanol 


Ethanol-water 


hexane 


Ethanol 


Ethanol 


Ethanol-water 


Ethanol 


Ethanol 


Ethanol 


135-136" 


126-127" 


95-97" 


1 3 6-1 3 8" 


101-103" 


14 1- 14 2" 


124-126" 


98-100" 


146-149" 


203-205" 


159-1 61" 


14 0-14 2" 


248-250" 


11 3-1 14" 


18 3- 184" 


c 55.95 
H 5.74 
N 21.75 
C 57.96 
H 6.32 
N 20.28 
C 57.96 
H 6.32 
N 20.28 
C 57.96 
H 6.32 
N 20.28 
C 59.70 
H 6.83 
N 18.99 
C 53.81 
H 5.87 
N 18.82 
C 53.81 
H 5.87 
N 18.82 
C 47.50 
H 4.42 
N 18.45 
C 47.50 
H 4.42 
N 18.45 
C 45.38 
H 4.23 
N 23.52 
C 59.70 
H 6.83 
N 18.99 
C 41.20 
H 3.43 
N 16.04 
C 49.46 
H 5.19 
N 28.84 
C 57.96 
H 6.32 
N 20.28 
C 66.90 
H 5.61 
N 15.60 


55.87 
5.63 


21.37 
57.62 


6.35 
20.34 
57.72 


6.17 
20.15 
57.70 


6.33 
20.23 
59.94 


6.17 
18.90 
53.73 


5.82 
18.68 
53.91 


5.76 
18.90 
47.68 


4.61 
17.94 
47.37 


4.09 
18.44 
45.46 


4.36 
23.26 
59.30 


7.09 
18.83 
41.01 


3.53 
16.30 
49.75 


4.96 
29.14 
58.07 


6.36 
20.15 
66.83 


5.40 
15.61 


a Method B was used except for XXVII;  see Experimental. 


Biology-Biological results are shown in Table V. Anthelmintic ac- 
tivity was determined by a modification of the assay of Lynch and Nelson 
(6). 


None of the intermediate thiosemicarbazides in Table I had anthel- 


mintic activity. Of the compounds in Table V, the highest activity was 
found with the 2-arylhydrazino-2-thiazolines and their oxidized deriv- 
atives. Within these groups, structural requirements for activity were 
quite narrow. 2-Phenylhydrazino-2-thiazoline (XV) was slightly active 


Table 111-Physical Properties of 2-Arylazo-2-thiazolinesa 


Analysis, % 
Yield, Crystallization Melting 


Compound R % Solvent Point Molecular Formula Calc. Found 


C 56.54 56.74 
H 4.74 4.46 


XXX C,H5 79 Ethanol-water 73-75" C,H,N,S 


N 21.98 22.04 
C 58.53 58.61 


5.60 H 5.40 
N 20.48 20.18 
C 58.53 58.50 
H 5.40 5.34 


XXXI 2-CH3C,H, 85  Ethanol-water 79-80' C10H11N3S 


XXXII 2-CH,C6H, 25 Ethanol 88-90" C I O H l  IN,' 


N 20.48 20.50 
XXXIII 2-C2H5C6H,*HCl 92 Methanol-ether 133" dec. C,,HI3N3S.HCl C 51.66 51.28 


H 5.52 5.56 
N 16.43 16.22 
C 54.30 54.18 
H 5.01 4.99 
N 18.99 18.84 


XXXIV 2-CH3OC,H, 63  Ethyl acetate- 67-68" C10H11N30S 
hexane 


UMethod C was used; see Experimetztal. 
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Table 1V-Physical Properties of Several Miscellaneous 
Analogs a 


Crystal- 
Com- Yield, lization Melting Molecular Analysis' % 
pound % Solvent Point Formula Calc. Found 


XXXV 66 Ethanol- 48-49' C I ~ H ~ N ~ S  C59.11 58.98 
water H 4.46 4.57 


N20.68 20.63 
XXXVI 44 Ethanol 116-117' CllH15- C 59.71 60.05 


H 6.83 6.93 
N18.99 19.03 


N3S 


XXXVII 73 Methanol- 160-161' CllH13- C 51.65 51.41 


N 16.44 16.29 
ether N3S-HCl H 5.52 5.24 


a For XXXVII, Method C was used; see Experimental 


at  200 mg/kg; insertion of a 2-methyl substituent gave XVI, which was 
fully active at  25 mg/kg. Analogs containing chloro, methoxy, and ethyl 
substituents in the ortho-position were not active at  200 mgbg, nor did 
movement of the methyl group to the 3- or 4-position yield active com- 
pounds. 


Surprisingly, the 2,6-dimethyl analog (XXV) was completely inactive. 
Oxidation of the hydrazine (XVI) to the azo derivative (XXXI) gave the 
most potent compound in the series, active at 12.5 mg/kg. Replacement 
of the thiazoline ring by thiazole (XXXV) substantially reduced activity, 
whereas expansion of the ring to the thiazines (XXXVI and XXXVII) 
abolished activity a t  the screening level. 


It was considered that perhaps all activity could be accounted for by 
reductive cleavage to 2-amino-2-thiazoline in situ. Such conversion would 
constitute a delivery system for the established neuromuscular blocking 
agent. In uitro evaluation of I, XVI, and XXXI against third-stage larvae 
of H .  contortus showed all three compounds to have a similar paralytic 
effect, but XXXI was the most potent. Furthermore, examination of the 
urine of sheep dosed orally with XVI or XXXI revealed only the presence 
of the azo compound, XXXI. These data suggest that although all three 
compounds have intrinsic activity in uitro, XXXI is mainly responsible 
for the in uiuo activity. 
2-(o-Tolylazo)-2-thiazoline (XXXI) was tested in sheep at  a single oral 


dose of 76 mg/kg and was effective against Haemonchus, Ostertagia, 
Trichostrongylus, Cooperia, Nematodirus, Oesophagostomum, and 
DictyocauEus species. 


EXPERIMENTAL' 


Method A: 1-( o-Tolyl)-3-thiosemicarbazide (11)-A mixture of 
o-tolylhydrazine hydrochloride (15.9 g, 0.1 mole), ammonium thiocyanate 
(15.2 g, 0.2 mole), 30 ml of water, and 300 ml of ethanol was heated under 
reflux for 24 hr. The solvent was evaporated, and water was added. The 
solid residue was crystallized from aqueous ethanol to obtain 15 g (85%) 
of 11, mp 158-160'. 


Method B 2-(o-Tolylhydrazino)-2-thiazoline (XV1)-A stirred 
mixture of I1 (27.2 g, 0.15 mole), 2-bromoethylamine hydrobromide (30.8 
g, 0.15 mole), and 2-propanol(800 ml) was heated under reflux for 16 hr. 
The resulting mixture was filtered hot to remove ammonium bromide, 
and the filtrate was allowed to cool slowly. The precipitated solid (XVJ 
hydrobromide) was collected, diaaolved in hot water, and neutralized with 
dilute sodium bicarbonate solution. The precipitated title compound was 
filtered, washed well with water, and recrystallized from methanol to yield 
13.2 g (43%) of product, mp 126-127'. 


Method C 2-(o-Tolylazo)-2-thiazoline (XXX1)-To a stirred so- 
lution of XVI (8 g, 0.0386 mole) in 400 ml of ethyl acetate was added 4 
g of silver oxide. After stirring for 18 hr a t  room temperature, silver oxide 
was filtered off. The residue obtained upon evaporation was crystallized 
from aqueous ethanol to give 6.7 g (85%) of XXXI as orange needles, mp 
79-80'. 


2 4  o-Tolylazo)thiazole (XXXVI1)-A mixture of XVI (0.5 g, 0.0024 


1 Melting points were determined on a Thomas-Hoover Unimelt apparatus and 
are uncorrected. All intermediates and final products were checked by IR and NMR 
spectroscopy, and their spectra were in accord with the structures assi ned. IR 
spectra were obtained BS mineral oil mulls using a Perkin-Elmer model 137 fnfracord 
VectroFhotometer. NMR spectra were obtained in deuterochloroform using a 


arian -60A spectrometer and tetramethylsilane as an internal standard. 


Table V-Anthelmintic Activity of 2-Arylhydrazino- and 2- 
Arylazo-2-thiazolines and Analogs 


Compound Activitya 


xv 
XVI 


XVII 
XVIII 


XIX xx 
XXI 


XXII 
XXIII ~~~~~~~ 


XXIV xxv 
XXVI 


XXVII 
XXVIII 


XXIX ~~~ ~~-~ xxx 
XXXI 


XXXII 
XXXIII 
XXXIV xxxv 
XXXVI 


XXXVII 


SA 200 
A 25 
I 200 
1200 
I 200 
I 200 
1200 
SA 200 
1200 
1200 
I 200 ~ _. . 


I 200 
I 200 
SA 200 
1200 
SA 100 
A 12.5 
1200 
SA 100 
I 200 
SA 200 
I 200 
I 200 


Thiabendazole A 50 


0 Activity expressed as A (active), SA (slightly active), or I (inactive) at the test 
level shown in milligrams per kilogram given orally. 


mole), sodium carbonate (1 g), and ethanol (50 ml) was refluxed for 3 days. 
The sodium carbonate was filtered, the solvent was removed in uacuo, 
and the residue was crystallized from aqueous ethanol to give 0.32 g (66%) 
of orange prisms, mp 48-49'. 


5,6-Dihydro-2-( o-tolylhydrazino)-l,3( 4H)-thiazine Hydrochlo- 
ride (XXXV1)-To a stirred solution of 3-chloropropyl isothiocyanate 
(5) (15.6 g, 0.115 mole) and o-tolylhydrazine hydrochloride (18.3 g, 0.115 
mole) in 200 ml of ethanol, triethylamine (11.7 g, 0.115 mole) was added. 
The reaction mixture was refluxed for 16 hr. The separated solids were 
filtered hot, washed with cold ethanol, and dried, yielding 8.9 g (30%), 
mp 255-256'. 


A solution of XXXVI hydrochloride in water was neutralized with 
sodium bicarbonate. The solid residue was recrystallized twice from 
ethanol to give its free base as white platelets, mp 116-117'. 
2-(2-Pyridylhydrazino)-2-thiazoline (XXVII)-2-Methylmer- 


capto-2-thiazoline hydroiodide (4) (26.1 g, 0.1 mole) and 2-hydrazino- 
pyridine (10.9 g, 0.1 mole) in methanol (100 ml) were heated together 
under reflux for 5 hr. The reaction mixture was diluted with methanol 
(1.5 liters) and passed through a resin2 column (500 ml) in the hydroxyl 
form with methanol. The column was eluted with methanol, and the el- 
uate was evaporated in uacuo. The residue was triturated with 2-propanol 
and recrystallized from ethanol, yielding 7.8 g (40%), mp 248-250'. 
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process a t  the interface between the solid and solvent, is larger than U4, 
which is related to the dispersion process. This finding may also indicate 
that the energy barrier for dissolution of I is the interaction between the 
solvent and solid a t  the interface and not the mass transfer of solute into 
the bulk solution. 
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Effect of Laboratory Light on 
Tetrazolium Reaction and on Stability of 
Formazans in Various Solvents 


ROBERT E. GRAHAM *X, EDWARD R. BIEHL f ,  and CHARLES T. KENNER f 


Abstract Studies on purified formazans of blue tetrazolium and tri- 
phenyltetrazolium showed that ordinary laboratory fluorescent light of 
about 52-foot-candle intensity provided sufficient energy for photo- 
transformation in certain nonpolar solvents. Slow reoxidation of formazan 
to tetrazolium was observed in all solvents tested in the presence or ab- 
sence of light. Water greatly inhibited the oxidation of the red formazan 
of blue tetrazolium. The blue formazan of blue tetrazolium isomerized 
to the red formazan in protic solvents in the presence and absence of light. 
The photochromic phenomena for the blue formazan of blue tetrazolium 
and the formazan of triphenyltetrazolium in cyclohexane were completely 
reversible when exposed to alternate periods of intense light and dark- 
ness. Under irradiation, the formazans of blue tetrazolium and triphe- 
nyltetrazolium in chloroform solution formed their respective photo- 
formazans; darkness reversed the process, and continued exposure of the 
same solutions for extended times or a t  a higher light intensity created 
a solution whose spectrum was no longer reversibly affected by the 


presence or absence of light. When alcohol USP is used as the solvent for 
the quantitative determination of corticosteroids, no light precautions 
need be observed, although reagent blanks have higher absorbances than 
light-protected solutions. Exact compensation is made by running 
samples and standards uersus the reagent blank as recommended by the 
USP. When other solvents and/or tetrazolium reagents are used, special 
precautions may be required to keep the reagents, developing solutions, 
and final formazans protected from light to ensure a quantitative reac- 
tion. 


Keyphrases 0 Tetrazolium reagents-effect of laboratory light, various 
solvents 0 Formazans-of blue tetrazolium and triphenyltetrazolium, 
stability, effect of laboratory light, various solvents 0 Phototransfor- 
mation-formazans of blue tetrazolium and triphenyltetrazolium, effect 
of various solvents Stability-formazans of blue tetrazolium and tri- 
phenyltetrazolium, effect of laboratory light, various solvents 


The blue tetrazolium reaction is widely used for the 
analysis of corticosteroids. USP XIX (1) and NF XIV (2) 
indicate a slightly modified Mader and Btick procedure (3) 
for corticosteroid analysis. Blue tetrazolium (I) [3,3’- 
(3,3’-dimethoxy -4,4’- biphenylylene)bis(2,5-diphenyl- 
2H- tetrazolium chloride)] and triphenyltetrazolium (11) 
(2,3,5-triphenyl-2H-tetrazolium chloride) oxidize the a- 
keto moiety of the C17 side chain in strongly alkaline so- 
lution and are reduced quantitatively to highly colored 
formazans, which are measured spectrophotometrically. 


The analytical procedure is subject to several variables 
such as temperature (4-6), solvent (1-3, 7-13), and con- 
centrations of base (14), water (6,14), and tetrazolium (6), 


as well as the steric configuration of the corticosteroid 
molecule (15). The effect of these variables is minimized 
by analyzing reagent blanks, standards, and samples 
concurrently. 


Light may or may not influence the tetrazolium reaction. 
For example, both I1 (16, 17) and I1 formazan (10, 12, 
16-19) were reported to be light sensitive. Photochemical 
reoxidation of I1 formazan to the tetrazolium salt in the 
presence of intermittent UV irradiation was observed (20). 
The I formazan was reported (21) to be photosensitive in 
chloroform solution, and the sensitivity of I to light in 6Wh 
chloroform was observed (11) to present problems in the 
assay. The use of actinic glassware was recommended in 
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Table I-Effect of Light on Reaction of I with Hydrocortisone 


Net Absorbance a t  90 rnin 
Sample Light" Darkb 


1 0.577 0.578 
2 0.579 0.579 
3 0.580 0.579 
4 0.578 0.579 
5 0.578 0.577 
6 0.578 0.579 
7 0.679 0.578 
8 
9 


10 
Blank' (90 min) 
Blankc (130 min) 
Meand 
SDd.' 


- 
0.579 0.576 
0.579 0.579 
0.581 0.579 
0.066 0.044 
0.076 0.051 
0.579 0.578 
0.001 0.001 


Exposed to laboratory fluorescent light of 52 ft-c. * Aluminum foil wrapped. 
Values for blanks are not included in 


mean and standard deviation figures reported. e Calculated by the method of Dean 
and Dixon (23). 


Measured against alcohol as reference. 


a study of the effect of light and other parameters on the 
reaction of I1 with corticosteroids (12). In contrast, several 
studies (6,22) found that the reaction of I with cortico- 
steroids was not sensitive to  light. 


This paper reports the effect of laboratory fluorescent 
lighting on the compendia1 (1,2) reaction of I with corti- 
costeroids. The effect of fluorescent and incandescent light 
on I and I1 formazans in various solvents also is dis- 
cussed. 


EXPERIMENTAL 


Apparatus-The following were used: UV-visible recording spec- 
trophotometers' with I-cm stoppered quartz matched cells, an electro- 
balance*, a TLC apparatus3, a light meter4, an IR instrument5, and a 
microscope light6 equipped with a transformer. 


Materials-The following solvents were used: distilled-in-glass ace- 
tone, acetonitrile, absolute methanol, chloroform, and cyclohexane; an- 
alytical reagent grade absolute ethanol, cyclohexanol, cyclohexene, carbon 
tetrachloride, dimethylformamide, dimethyl sulfoxide, n-hexane, and 
methylene chloride; alcohol USP; sodium horohydride7, 0.8-cm (0.3- 
in.) pellets; blue tetrazoliums; triphenyltetraz~lium~; 10% aqueous 
tetramethylammonium hydroxideg; and USP reference standard hy- 
drocortisone and prednisone. 


Reagents-Tetramethylammonium hydroxide (1%) was prepared by 
diluting 5.00 ml of 10% aqueous reagent to 50.0 ml with alcohol USP. Blue 
tetrazolium (5 mg/ml) was prepared by dissolving 250.0 mg of 1 in 50.0 
ml of alcohol USP. A standard solution containing 0.010 mg of hydro- 
cortisone/ml of alcohol USP was prepared. 


General Procedure-All studies were performed in 25-ml glass- 
stoppered flasks, which were placed on white paper during irradiation. 
Unless otherwise indicated, the solutions were irradiated with laboratory 
fluorescent light of 52-foot-candle (ft-c) intensity. Spectrophotometric 
scans were made from 720 to 250 nm uersus the same solvent as the blank 
unless otherwise noted. 


Formazan Isolation-Actinic glassware and aluminum foil-wrapped 
columns were used to protect the formazans from light during the isola- 
tion procedures. 


I Blue Formazan-One pellet of sodium borohydride was added to a 
solution containing 53 mg of I in 100 ml of absolute ethanol, and this 
mixture was placed in the dark for several days. The precipitate was fil- 
tered, washed with absolute ethanol, dissolved in chloroform, and 
evaporated to dryness to obtain the blue formazan. 


Cary models 16 and 17. 
Cahn model G-2. 
Eastman No. 6060 silica gel. 


Perkin-Elmer model 337. 
Bausch & Lamb model 282. 
Alpha Products. 
Dajac Laboratories. 
Eastman Organic Chemicals. 


* Weston model 703-60. 


I Red b'ormazan-Three milliliters of 10% tetramethylammonium 
hydroxide was added to a solution containing 75 mg of prednisone and 
1.53 g of I in 300 ml of alcohol USP. The mixture was placed in the dark 
for 30 min and then transferred to a separator containing 600 ml of water 
and 100 ml of chloroform. This solution was shaken vigorously for 1 min, 
the layers were allowed to separate, and the chloroform layer was filtered 
through a 12-cm length of sodium sulfate. An additional 50-ml portion 
of chloroform was used to complete the extraction and to wash the for- 
mazan from the sodium sulfate column. The chloroform extracts were 
combined and evaporated to obtain the red formazan. 


I1 Formazan-One pellet of sodium borohydride was added to a so- 
lution of 100 mg of I1 in 20 ml of absolute ethanol. The solution was kept 
in the dark for 24 hr; it was then transferred to a separator containing 80 
ml of water and extracted repeatedly with chloroform until the aqueous 
phase became colorless. The combined chloroform extracts were filtered 
through chloroform-washed cotton and evaporated to dryness to obtain 
a pure crystalline formazan. 


Effect of Light on I-Hydrocortisone Reaction-Ten 20.0-ml ali- 
quots, each containing 0.200 mg of USP reference standard hydrocorti- 
sone in alcohol USP plus a reagent blank, were treated in accordance with 
the official procedure (1). Each of the 10 hydrocortisone standard solu- 
tions was scanned uersus the reagent blank from 720 to 490 nm exactly 
90 min after addition of the tetramethylammonium hydroxide reagent. 
The reagent blank was scanned uersus alcohol USP exactly 90 and 130 
rnin after addition of the tetramethylammonium hydroxide. All reagents 
and solutions were protected from light at all times. The experiment was 
repeated with the exception that all reagents and solutions were exposed 
to laboratory fluorescent lighting during the entire study. 


Photochemical Effect of Laboratory Lighting on Tetrazolium 
Formazans-For each experiment involving formazans, aliquots of 
chloroform stock solutions were taken to dryness carefully, and these 
residues were dissolved in an appropriate volume of solvent. Care was 
taken to protect all solutions from light before the experiment was ini- 
tiated. 


Solutions of I blue formazan (0.0086 mg/ml), I red formazan (0.0647 
mg/ml), and I1 formazan (0.0103 rng/ml) in each of several different 
solvents were exposed to laboratory lighting for 1 hr and to office lighting 
(78 candle power) for 19 hr, with spectra being obtained after 0,20, and 
60 min and 20 hr. These solutions were then exposed to intense incan- 
descent light of approximately 1 X lo4-ft-c intensity for 90 rnin and re- 
scanned. Certain red formazan solutions were exposed to laboratory 
lighting for an additional I1 days. These solutions were then scanned and 
evaporated to dryness. Each residue was dissolved in alcohol USP, a pellet 
of sodium borohydride was added, and the absorption spectrum of the 
resulting solution was obtained. 


Reversibility of Photoeffect on I and I1 Formazans-1 Blue For- 
mazan in Chloroform-Duplicate solutions containing 0.0687 mg of I 
blue formazan in 10.0 rnl of chloroform were prepared; one solution was 
placed in the light and the other was kept in the dark for 24 hr. During 
this period, absorption spectra were determined periodically on each 
solution. Both solutions were subsequently exposed to alternating periods 
of laboratory lighting and darkness, and their visible absorption spectra 
were obtained periodically for an additional 976 hr. The solutions were 
then evaporated to dryness; each residue was dissolved in alcohol USP, 
a pellet of sodium borohydride was added, and the absorption spectrum 
of the resulting solution was obtained. 


I Blue Formazan in Cycloherane-A solution containing 0.0687 mg 
of I blue formazan in 10.0 ml of cyclohexane was exposed alternately to 
light and darkness for 960 hr, and absorption spectra were obtained 
during this time. 


I Red Formazan in Chloroform-A solution containing 0.496 mg of 


0.5 t 
w 0 . 4 1  
0 


WAVELENGTH 


Figure 1-Spectra of I blue formazan (A) and its photoformazan (B) 
in cyclohexane. 
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Table 11-Effect of Extent  of Exposure on the Amax a n d  Absorbance Values of I Blue Formazan in Selected Solvents 


Minutes a t  52 ft-c 19 hr  at 78 90 min at 1 X lo4 
Solvent 0 20 60 ft-c ft-c 


Absolute 
ethanoln 


Absolute 
methanol" 


Acetone 
Acetonitrile" 
Alcohol USP" 
Chloroform 
Cyclohexane" 
Dimethyl- 


formamide 
Dimethyl 


sulfoxide 
n-Hexanen 


~~~ 


595 (0.140) 595 (0.139) 595 (0.136) 575 (0.120) 570 (0.302) 


590 (0.055) 585 (0.051) 585 (0.045) 530 (0.108) 530 (0.150) 


594 (0.619) 
592 (0.340) 
580 (0.060) 
595 (0.590) 
590 (0.176) 
602 (0.621) 


605 (0.518) 


575 (0.114) 


594 (0.617) 
590 (0.350) 
580 (0.068) 
592 (0.584) 
580 (0.149) 
602 (0.625) 


605 (0.577) 


570 (0.112) 


593 (0.615) 
590 (0.350) 
575 (0.069) 
588 (0.573) 
578 (0.123) 
602 (0.624) 


605 (0.584) 


570 (0.105) 


590 (0.592) 
585 (0.340) 
550 (0.087) 
592 (0.582) 
463 (0.360) 
602 (0.598) 


605 (0.573) 


460 (0.195) 


573 (0.436) 
560 (0.365) 
550 (0.236) 
575 (0.401) 
460 (0.470) 
595 (0.511) 


602 (0.525) 


453 (0.463) 
~~~ 


The amount of I blue formazan taken was not completelv dissolved in the volume of solvent used. b Values are the A,.,, nanometers, with the absorbance in paren- . -  
theses. 


I red formazan in 10.0 ml of chloroform was exposed to laboratory light 
and scanned periodically for 485 min. It was then treated as follows, with 
the absorption spectrum taken at the end of each step: dark, 88 hr; light, 
24 hr; dark, 168 hr; light days and dark nights, 5 days; 78-ft-c light, 24 hr; 
dark, 48 hr; and the same light intensity, 18 hr. 


Two additional solutions containing 0.496 mg of I red formazan in 8.0 
and 10.0 ml of chloroform were prepared. The former solution was 
scanned, exposed to incandescent light of approximately 1 X lo4 ft-c for 
65 min, and scanned immediately after being exposed to light. The vol- 
ume was adjusted to 8.0 ml after light exposure before scanning. The 
latter solution was kept in the dark for 23 days, and absorption spectra 
were obtained periodically during this time. 


I1 Formazan in Chloroform-Ten milliliters of chloroform containing 
0.161 mg of I1 formazan was exposed for 34 days to several cycles of lab- 
oratory light and darkness, and the absorption spectrum was obtained 
after each cycle. The experiment was repeated with a duplicate aliquot 
irradiated with approximately 1 X lo4 ft-c of light intensity. 


I1 Formazan in Cyclohexane-Ten milliliters of cyclohexane was pi- 
petted into each of two flasks containing 0.161 mg of I1 formazan. One 
solution was exposed to laboratory lighting continuously for 53 hr; the 
other was wrapped in aluminum foil for the first 5 hr before exposure to 
light for 48 hr. Nine absorption spectra were made of these samples during 
this time. These solutions were then exposed to a light of approximately 
1 X 10"-ft-c intensity for short periods, scanned, placed in the dark 
overnight, and rescanned. This latter procedure was repeated through 
several cycles of light and darkness. 


Rate  Studies-Light Effect-A 10.0-ml chloroform solution con- 
taining 0.496 mg of I red formazan was exposed to laboratory light, and 
absorption spectra were obtained periodically during 485 min to follow 
the conversion of I red formazan to its photoformazan. 


Dark Effect-A 4.0-ml chloroform solution containing 0.496 mg of I 
red formazan was exposed to laboratory fluorescent light of 78 ft-c in- 
tensity until the maximum amount of i ts  yellow photoform was generated. 
The solution was placed in a stoppered spectrophotometric cell in the 
dark, and absorption spectra were made every 15 min for 8 hr. 


Correlation of Phototransformation of Formazans to  Photofor- 
mazans-Chloroform solutions of I red, I blue, and I1 formazans were 


scanned, irradiated with light to complete the conversion to their re- 
spective photoformazans, and then rescanned. The wavelength of the 
absorption maximum for each species was determined. 


Photochemical Effect of Laboratory LightingonTetrazoliums- 
Blue Tetrazolium-A saturated solution of I in absolute ethanol and a 
concentration of 5 mg of I/ml of alcohol USP were exposed to laboratory 
fluorescent lighting for 4 days, after which time the absorption spectrum 
of each solution was taken. 


Triphenyyltetrazolium-A colorless solution of I1 in absolute ethanol 
and another in alcohol USP (both 5 mg/ml) were exposed for 24 hr to 
laboratory lighting and then scanned. The absolute ethanol solution was 
then divided into two parts; one part was used as a control, and enough 
water was added to the other to change it t o  the equivalent of alcohol 
USP. These solutions were exposed to light for 1 additional week and 
rescanned. 


RESULTS AND DISCUSSION 


The effect of laboratory fluorescent light upon the reaction of I with 
hydrocortisone is shown in Table I. The average net absorbance (0.578 
i 0.001 SD) of 10 determinations of hydrocortisone not exposed to light 
by the USP XIX (1) method was essentially the same as that (0.579 f 
0.001 SD)  obtained for the same number of hydrocortisone determina- 
tions exposed to laboratory lighting. These results indicate that the net 
absorbance of this reaction is not affected by ordinary laboratory light. 
The reagent blank of I was found previously (10,21) to he affected by 
light. This study found that the absorbance of the light-exposed blanks 
was approximately 1.5 times as great as the blank protected from light 
a t  90 and 130 min from the start of the reaction. However, the procedure 
of running sample uersus blank compensated for any deviation in the 
reagent blank caused by light. 


The influence of light on the stability of I and I1 formazans in various 
solvents is listed in Tables 11-IV. In general, the formazans were con- 
verted to photoderivatives in nonpolar solvents such as cyclohexane, 
n-hexane, and chloroform. Exposure of these solutions to laboratory 
lighting resulted in hypsochromic shifts of the absorption maxima. Fig- 
ures 1 and 2 show typical absorption spectra of I blue and red formazans 


Table 111-Effect of Extent  of Exposure on the Amax and Absorbance Values of I Red Formazan to Light 


Minutes at 52 ft-c 19 hr a t  78 90 min a t  1 X 10" 
Solvent 0 20 60 ft-c ft-c 


Absolute 
ethanol 


Absolute 
methanol 


Acetone 
Acetonitrile 
Alcohol USP 
Chloroform 
Cyclohexane 
Dimetbyl- 


formamide 
Dimethyl 


sulfoxide 
n-Hexane 


~ ~~ 


522 (0.532)" 523 (0.529) 523 (0.546) 523 (0.480) 


517 (0.521) 517 (0.526) 517 (0.522) 518 (0.521) 


525 (0.511) 520 (0.513) 520 (0.510) 520 (0.480) 
515 (0.517) 515 (0.504) 512 (0.499) 512 (0.476) 
522 (0.520) 522 (0.513) 522 (0.513) 525 (0.512) 
525 (0.497) 500 (0.438) 465 (0.451) 440 (0.854) 


535 (0.466) 535 (0.459) 535 (0.456) 535 (0.433) 


542 (0.486) 542 (0.483) 542 (0.483) 542 (0.482) 


Insoluble 


Insoluble 


~. ~ 


525 (0.426) 


518 (0.490) 


ND 
500 (0.380) 
520 (0.482) 
525 (0.660) 


535 (0.322) 


542 (0.452) 


a Values are the A,,,, nanometers, with the absorbance in parentheses. ND = not determined. 
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Table IV-Effect of Extent of Exposure on the A,,, and Absorbance Values of I1 Formazan in Selected Solvents 


Solvent 
Minutes a t  52 ft-c 


0 20 60 
19 hr a t  78 


ft-c 
90 min a t  1 X l o 4  


ft-c 


Absolute 
ethanol 


Absolute 
methanol 


Acetone 
Acetonitrile 
Alcohol USP 
Carbon tetra- 


chloride 
Chloroform 
C yclohexane 
Cyclohexanol 
Cyclohexene 
Dimethyl- 


formamide 
Dimethyl 


sulfoxide 
n-Hexane 
Methylene 


chloride 


483 (0.566)* 


480 (0.513) 


482 (0.572) 
480 (0.560) 
483 (0.558) 
490 (0.555) 


485 (0.540) 
487 (0.573) 
488 (0.572) 
490 (0.569) 
485 (0.487) 


485 (0.496) 


478 (0.567) 
490 (0.561) 


483 (0.569) 


480 (0.551) 


482 (0.533) 
480 (0.560) 
483 (0.569) 
488 (0.411)* 


433 (0.414) * 
486 (0.486) * 
487 (0.564) 
490 (0.553) 
485 (0.492) 


485 (0.495) 


480 (0.558) 
483 (0.465) 


483 (0.570) 


480 (0.553) 


482 (0.573) 
478 (0.530) 
482 (0.561) 
415 (0.470)* 


406 (0.751) * 
486 (0.496) * 
487 (0.567) 
489 (0.542) 
483 (0.490) 


485 (0.496) 


480 (0.551) 
403 (0.659) * 


483 (0.564) 


480 (0.525) 


480 (0.492)* 
405 (0.570) * 
482 (0.560) 
489 (0.370) 


404 (0.749) * 
487 (0.556) 
487 (0.550) 
489 (0.532) 
483 (0.450) 


485 (0.469) 


413 (0.421)* 
403 (1.007)* 


483 (0.535) 


480 (0.472) 


480 (0.276) 
480 (0.302) 
483 (0.510) 
483 (0.070) 


486 (0.400) 
400 (0.665) * 
486 (0.380) 
489 (0.552)c 
484 (0.350) 


485 (0.367) 


480 (0.235) 
482 (0.393) 


0 Values are the A,,, nanometers, with the absorbance in parentheses. A second Amax was observed in these solvents. c The yellow photosolution reverted completely 
to orange before the spectrum could be obtained. 


and their corresponding yellow derivatives. The conversion of I1 formazan 
to its photoderivative was accompanied by a change in the color of the 
solution from orange to yellow. Small amounts of the three formazans 
were converted to the corresponding photoformazans in acetonitrile. The 
insolubility of I red formazan in cyclohexane and n-hexane prevented 
the investigation of the effect of light in these systems. 


In the protic solvents, absolute methanol, absolute ethanol, and alcohol 
USP, I blue formazan was partially converted to I red formazan in the 
presence or absence of light. During this process, a gradual diminution 
in the absorption maxima a t  about 585 nm and a corresponding increase 
a t  approximately 525 nm were observed. The amount of conversion of 
the blue form to the red form decreased as the solvent was varied from 
absolute methanol to alcohol USP to  absolute ethanol. These results are 
consistent with the conclusion of Graham et al. (13) that water and 
methanol stabilize the trans-anti-configuration of I red formazan to a 
larger extent than ethanol due to the smaller size and greater hydro- 
gen-bonding ability of methanol and water. 


Of all solvents studied, I red formazan was the most stable in absolute 
methanol in the presence of light, even though methanol inhibits the 
formation of I formazan in the reaction of I with corticosteroids. By using 
the procedure described previously (13), the formazans were reoxidized 
to tetrazolium in varying degrees in all solvents listed in Tables 11-IV. 


To study the influence of water on the stability of I red formazan 
toward light, selected solutions of this formazan were exposed to labo- 
ratory light for 12 days. After this time, the absorbance of the absolute 
ethanol solution was reduced to 47% of its original value; the absorbance 
of the alcohol USP solution was reduced to only 93%. Construction of 
Dreiding models revealed that the trans-syn-configuration, 111, of I blue 
formazan would be more readily reoxidized to I than the trans-anti- 
configuration, IV, of I red formazan. Water stabilizes I red formazan (13) 
and thus acts to prevent the rearrangement of IV to I11 and the subse- 
quent oxidation of 111 t~ I. 


The reversibility of the photoeffect observed in solutions of I and 11 
formazans was studied by exposing these solutions to alternating periods 
of light and darkness and obtaining spectra at appropriate times during 
each cycle. In cyclohexane, I blue formazan (A,,, 595 nm) and its pho- 
toderivative (A,,, 487 nm) were completely interconverted by the action 
of light and darkness during 960 hr. During this time, a small portion 
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(21%) of I blue formazan was reoxidized to tetrazolium, as shown by a 
decrease in absorbance. 


An immediate scan of I1 formazan in cyclohexane yielded an absorption 
spectrum of typical shape with a maximum a t  486 nm. Further scans of 
the solution during light exposure produced time-related curves in which 
an absorption maximum of the photoderivative appeared a t  about 400 
nm. The absorbance of this wavelength increased with time and reached 
a maximum after 30 min of light exposure. However, further scans during 
53 hr of continued light exposure produced curves in which the photo- 
derivative absorption maximum gradually disappeared to yield a spec- 
trum similar to that of the original I1 formazan. The absorption spectrum 
of I1 formazan in a duplicate cyclohexane solution that was not exposed 
to light exhibited no change during 5 hr; however, when this solution was 
exposed to light for an additional 48 hr, periodic scans yielded spectra 
similar to those observed for the first solution. Figure 3 shows spectra 
typical of those obtained for I1 formazan in cyclohexane when irradiated 
with laboratory light. 


Irradiation of a solution of I1 formazan in cyclohexane with approxi- 
mately 1 X lo4 ft-c of light intensity produced a light-stable yellow 
photoderivative (A,,, 400 nm), which could be converted to the original 
I1 formazan by darkness. These two species were readily interconvertible 
over several cycles of alternating intense light and darkness. 


Five alternate periods of exposure of I blue formazan in chloroform 
to laboratory light and darkness during 1000 hr showed partial revers- 
ibility of the photoformazan. The wavelength and absorbance a t  the 
maximum returned to the starting value after each period of darkness, 
but there was less conversion to the photoform with each period of light 
exposure, as shown by decreased absorbance a t  487 nm. This result in- 
dicates that  two forms of I blue formazan exist and have similar absorb- 
ance maxima in chloroform. One form apparently is photolabile and 
converts gradually to the other, which is not further affected by light. 


Spectra of the aliquot exposed to light in the initial 24 hr revealed that 
I blue formazan was converted mainly to its yellow photoform. A dupli- 
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Figure 2-Spectra of I red formazan (A) and i ts  photoformazan (B) 
in chloroform. 
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Figure 3-Spectral changes of II formazan exposed to laboratory 
lighting. Key: A, identical spectra of II formazan and of II orange 
photoformazan; and B and C ,  intermediate spectra of the yellow pho- 
toderioatiue of II after different exposure periods. 


cate aliquot kept in the dark during the same period showed no spectral 
changes. However, when the latter solution was exposed to light, a similar 
photoeffect was observed. During the observation period, the absorbances 
of both solutions gradually decreased until they were free of color and 
contained only I. The addition of a sodium borohydride pellet to an al- 
coholic solution of the final tetrazolium residue yielded a mixture of I red 
and blue formazans (A,,, 555 nm). TLC confirmed the presence of both 
colored formazans in these solutions. 


Exposure of a chloroform solution of I red formazan (A,,, 525 nm) to 
ordinary laboratory fluorescent lighting of approximately 52-ft-c intensity 
produced the corresponding yellow photoform (A,,, 440 nm). This 
photoform readily interconverted to I red formazan by exposure to al- 
ternating periods of light and darkness. Evaporation of the yellow pho- 
toform solution afforded the crystalline I red formazan, as determined 
by TLC, IR, and its reconversion to the yellow photoform derivative upon 
being redissolved in chloroform and exposed to laboratory light. During 
the evaporation process, the color of the solution changed from yellow 
to red immediately before dryness. 


Exposure of a chloroform solution of the yellow photoform of I red 


Table V-Change of Absorbance at 525 nm of I Red Formazan 
when Exoosed to Laboratory Lighting 


Absorbance of Net Absorbance 


Minutes Absorbance" Photoformazan* Photoformazan 
Observed Yellow of Red 


0 0.357 0.000 0.357 
10 0.342 
28 0.304 
50 0.271 


0.005 
0.014 
0.024 


70 0.251 0.034 
105 0.210 0.051 
130 0.190 0.063 
160 0.180 0.078 
190 0.164 0.092 
220 0.155 0.107 
250 0.149 0.121 


0.337 
0.290 
0.247 
0.217 
0.159 
0.127 
0.102 
0.072 
0.048 
0.028 


280 0.136 0.136 0.000 
310 0.136 0.136 0.000 
485 0.136 0.136 0.000 


Includes the absorbance of I red formazan plus its photoformazan. Absorbance 
due to the yellow photoformazan of I red formazan calculated from maximum ab- 
sorbance (0.1361, assuming that the rate of formation of the photoformazan is 
constant. Complete conversion to photoformazan occurs by this time. 


40 80 120 160 200 240 
MINUTES 


Figure 4-Rate of change of I red formazan to its yellow photoform in 
chloroform when exposed to laboratory lighting. 


formazan to ordinary office light of approximately 72 ft-c for about 16 
hr converted i t  to a red color with a spectrum like the original. This 
spectrum does not change upon further exposure to alternate periods of 
light and darkness. Exposure of a chloroform solution of I red formazan 
to intense incandescent light of approximately 1 X lo4 ft-c produced a 
yellow color within 2 min, which remained unchanged for 1 hr under 
continuous irradiation and then quickly turned (5 min) to red. The 
spectrum of the final red solution was similar to the original, but the 
absorbance was 44% higher in the final solution as compared to the 
original. The higher absorbances and the lack of response of this photo- 
form to successive periods of light and darkness indicate that it may be 
a different high energy conformer than the original I red formazan. A 
chloroform solution of the I red formazan that was kept in the dark and 
scanned periodically showed no change in the spectrum during 23 
days. 


The 11 formazan in chloroform demonstrated a photoeffect during the 
first 2 hr of exposure to laboratory fluorescent lighting, as shown by a 
change in color from orange to yellow and by a hypsochromic shift of the 
maximum from 487 to 406 nm. Within the next 5 hr of exposure, the so- 
lution returned to an orange color with a spectrum similar to the original 
and a bathochromic shift of the maximum back to 487 nm. No change 
was observed in the spectra following successive exposures of the solution 
to light and dark during the next 33 days, except for a gradual reduction 
in the intensity of the color due to  the oxidation of the orange photofor- 
mazan back to 11. A chloroform solution of I1 formazan, when irradiated 
with approximately 1 X lo4 ft-c, changed to a yellow color within 1 min 
and back to orange within 5 min. The spectrum of the latter color was 
similar in absorbance and shape to the original formazan but was not 
reversible when exposed to additional periods of light and dark. 


Table V lists the spectral data obtained from the rate study of the 
conversion of I red formazan to its photoderivative in chloroform in the 
presence of laboratory light. The observed absorbance values a t  525 nm 
had to be corrected for a small amount of overlap of the absorption 
maximum of the yellow photoform of I red formazan (Fig. 2). From the 
graph of the corrected absorbance versus time (Fig. 41, the rate of con- 
version of I red formazan to its photoderivative in chloroform was found 
to be 1.4 X loT3 absorbance unit/min. 


A sequence of spectrophotometric scans of the regeneration of I red 
formazan from its yellow photoformazan in chloroform in the dark was 
taken a t  15-min intervals over 8 hr. These scans revealed isosbestic points 
at  370 and 490 nm, indicating that these two species were in equilibrium 
with each other. The rate for the regeneration process calculated either 
from the decrease in absorbance of the yellow form or from the increase 
in absorbance of the red form corrected for overlap by the yellow form 
yielded the same value, 2.5 X lo-:] absorbance unit/min. 


The difference in energy of the transformation of a formazan to its 
photoderivative may be calculated from: 


(Eq. 1) 


where AE is the difference in energy in ergs a t  the longer wavelength ( A t )  
of absorption of the formazan and the shorter wavelength (A,)  of the 
photoform, h is Planck's constant, and c is the speed of light. By using 
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Figure 5-Spectra of I I  (B) and its photoderivative (A) in absolute 
ethanol. 


the maximum absorption values for the hypsochromic shifts observed 
in chloroform solutions of 595-487 nm for I blue formazan, 525-440 nm 
for I red formazan, and 487-407 nm for I1 formazan, the following AE 
values were calculated 7.31 X erg for the I blue formazan trans- 
formation, 7.40 X erg for the I red formazan transformation, and 
8.02 X erg for the I1 formazan transformation. These calculated 
values indicate that the transformation process is similar for all three 
formazans. 


A possible mechanism for the phototransformation of I blue and red 
formazans is suggested in Scheme I. The trans-syn-configuration, 111, 
of I blue formazan is isomerized to the cis-syn-configuration, V, and the 
trans-anti-configuration, IV, of I red formazan is isomerized to the cis- 
anti-configuration, VI, by absorption of light by the N=N moiety. 
Construction of Dreiding models revealed that steric effects prevent 
coplanarity of the conjugated x electronic system in the photoderivatives, 
V and VI, which would account for the hypsochromic shifts observed in 
these phototransformations. 


b H  /”“\ 
\ 8- 
/”-” 


I11 - 
dark 


V 
/N=N 
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VI 
Scheme I 


Finally, the stability of I and 11 in the presence of light was studied. 
Solutions of I in absolute ethanol and alcohol USP showed no apparent 
change in their absorption spectra after extended exposure to laboratory 
light. However, when I1 reagent in absolute alcohol was exposed to lab- 
oratory lighting, the solution changed from colorless to yellow within a 
few hours. The absorption spectrum of this solution (Fig. 5) shows the 
presence of two additional peaks with maxima at 420 and 440 nm. Ad- 
dition of water to a portion of the yellow photosolution of I1 sufficient 
to make a 95% ethanol-water mixture (USP) caused the solution to be- 
come colorless within 1 week of continuous light exposure. The other 
portion of the absolute ethanol solution remained yellow. A control so- 
lution of I1 in absolute ethanol kept in the dark as well as a similar con- 
centration of I1 in alcohol USP exposed to laboratory light for the same 
period remained colorless. 


These experiments showed that ordinary laboratory fluorescent 
lighting of approximately 52-74 ft-c provided sufficient energy for pho- 
totransformations of the formazans studied to take place in certain 
nonpolar solvents. Alcohol USP, recommended by the compendia (1, 2), 
is the solvent of choice for both the tetrazolium reagent and the I reaction 
with corticosteroids since no special light precautions need be observed, 
although reagent blanks have higher absorbances than light-protected 
ones. Exact compensation is made by running samples and standards 
versus the blanks in accordance with the official procedure. If other 
solvents and/or tetrazolium reagents are used, special precautions may 
be required to keep the reagents, developing solutions, and final forma- 
zans protected from light to ensure a quantitative reaction. 
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moclavine2 (2.0 g, 7.9 mmoles) in methanol (400 ml) was treated with 20 
g of manganese dioxide (9), and the mixture was stirred at  room tem- 
perature. After 12 hr, the mixture was filtered, the filtrate was evaporated 
to dryness, and the residue was dissolved in 10 ml of chloroform. TLC 
on silica gel G with an ethyl acetate4imethylformamide-ethano1(131:1) 
solvent revealed a major product (Rf  0.77) that was nonfluorescent and 
gave a green color with Ehrlich’s reagent, a small quantity of unreacted 
elymoclavine (Rf  0.23), and only traces of other Ehrlich-positive com- 
pounds. 


Purification of the product was accomplished by chromatography on 
a silica gel (40 g) column with chloroform as the solvent. Recrystallization 
from chloroform-hexane provided 1.2 g (55% yield) of small white needles, 
mp 192-194°dec.; UV: h,’(ethanol) 223 (log 6 4.58) and 297 (3.73) nm; 
I R  vmax (KBr) 3170,2930,2800,1680,1400,1180,1070,900, and 750 cm-’; 
NMR: 6’2.56 (s, 3H, NCHs), 3.13 (s, 3H, OCH& 6.9P7.44 (m, 4H, indole), 
7.67 (s, lH,9=CH),8.33 (s, lH,NH),and 9.67 (s,lH,CHO) ppm.The 
mass spectrum showed a molecular ion at  mle 282 (100) and a prominent 
ion at mle 154 (48) characteristic of ergolines (10). 


The product was compared with a reference sample3 of IV and was 
identical in all respects (TLC; melting point; and UV, IR, NMR, and mass 
spectra). 


DISCUSSION 


Ergoline derivatives including ethers related to IV have been of interest 
recently as potential prolactin inhibitors (11) and a-adrenergic blocking 
agents (12). The manganese dioxide oxidation of elymoclavine in meth- 
anol provides a convenient one-step synthesis of IV from a readily 
available starting material. 


It was also of interest to obtain some indication of whether manganese 
dioxide might be useful for the C-17 andlor C-10 oxidation of other er- 
golines. For this purpose, lysergol, the Ag~lO-isomer of elymoclavine (I), 
and agroclavine (VI) were treated under the same conditions used for the 
oxidation of elymoclavine. Lysergol was unchanged under these condi- 
tions, which was not surprising since manganese dioxide is most effective 
for the oxidation of allylic alcohols (13). However, it was interesting that 
agroclavine was also unreactive since C-10 oxidation of the Aa*9-ergolenes 


2 Isolated from ergot strain SD 58 provided by Dr. James,E. Robbers, Department 
of Medicinal Chemistry and Pharmacognosy, Purdue University, West Lafayette, 
Ind. 


Provided by Dr. E. C. Kornfeld, Eli Lilly Co., Indianapolis, Ind. 


can he accomplished with various oxidizing agents (1, 2). Additional 
studies are required to determine the precise utility of manganese dioxide 
for the C-17 and C-10 oxidation of ergolines. 
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Direct Complexometric Titration of Calcium Phosphates 


MURRAY M. TUCKERMAN” and M. ELEANOR SANCHEZ de RAMOS 


Abstract Calcium was determined in calcium phosphate samples by 
dissolving the sample in hydrochloric acid, adding hydroxynaphthol blue 
indicator and triethanolamine, adjusting the pH to 12.3-12.5 with po- 
tassium hydroxide solution, and titrating with standard disodium eth- 
ylenediaminetetraacetate solution. Time can be saved and the formation 
of a precipitate (which dissolves readily during the titration) can be 
avoided by adding at  least 85% of the amount of complexing agent re- 
quired for titration before adjusting the pH. 


Keyphrases 0 Calcium-complexometric analysis in dibasic and tribasic 
calcium phosphates, bulk drug and tablets Complexometry-analysis, 
calcium in dibasic and tribasic calcium phosphates, bulk drug and tab- 
lets 


Previously, calcium was determined in the presence of 
phosphate complexometrically by the addition of excess 
complexing agent and determination of the excess, after 
separation from phosphate by ion exchange (l), and also 


after removal of phosphate by formation and extraction 
of phosphomolybdate (2). All of these efforts are based on 
the impossibility of a direct complexometric titration of 
calcium in the presence of equivalent amounts of phos- 
phate. This paper reports a simple, rapid, direct com- 
plexometric titration of calcium in the presence of phos- 
phate. 


EXPERIMENTAL 


All reagents and volumetric solutions were those specified in USP XIX. 
All experiments were done according to the following general directions, 
modified as indicated. 


General Method-Dissolve a sample expected to contain about 225 
mg of calcium, accurately weighed, in 15 ml of hydrochloric acid and 10 
ml of water contained in a 100-ml volumetric flask, with the aid of gentle 
heat if necessary, and cool to room temperature. Dilute to volume with 
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Table IV-Tolerance for Added Phosphate 


Phosphorus 
to Calcium 0.0500 M 


0.8% NazHP04 Molar Titrant, 
Solution Added, ml Ratio ml Calcium, % 


5 1.07 28.84 28.90 
5 1.07 28.82 28.88 


10 1.15 28.82 28.88 
10 1.15 28.80 28.86 
25 1.38 28.80 28.86 
25 1.38 28.80 28.86 
50 1.77 28.80 28.86 
50 1.77 28.78 28.84 


1 on 2.53 28.70 28.76 


Table I-Dibasic Calcium Phosphate a N F  (Weighed Samples) 
0.0500 M 


Weight, Titrant, 
Sample mg ml Calcium, % 


1 200.00 28.68 
2 201.0 28.54 
3 203.0 28.90 


28.74 
28.45 
28.53 


Average 28.57 
S D  0.17 
RSD 0.6 


Medicinal, Mallinckrodt Chemical Works, St. Louis, Mo. 


Table 11-Aliquots (25 ml) of Dibasic Calcium Phosphate a 
Solution 


0.0500 M 


~ 


blue, continue the addition dropwise until the color changes to violet, and 
then add an additional 0.5 ml(7-8 ml total is usually required). The pH 
should be between 12.3 and 12.5. 


Under constant stirring, continue the titration of the solution dropwise 
with the standard 0.05 M disodium ethylenediaminetetraacetate solution 
(titrant) to a clear blue end-point that persists for a t  least 60 sec. 


Dibasic Calcium Phosphate NF-Use a 200-mg sample of material 
as is (Table I). 


Influence of Sample Size on Results-Use sample sizes of 180,200, 
and 220 nig of dibasic calcium phosphate NF (Table 11). 


Influence of Volume of Standard 0.05 M Disodium Ethylenedi- 
arninetetraacetate-Use various volumes for initial addition to 25-ml 
aliquots of a solution containing 4.000 g of anhydrous dibasic calcium 
phosphate NF in 500 ml in place of the 97% of the calculated amount 
called for in the general directions (Table 111). 


Tolerance for Added Phosphate-Add various amounts of 0.8% 
Na2HP04 to 25-ml aliquots of a solution containing 800.0 mg of anhy- 
drous dibasic calcium phosphate NF in 100 ml(200.0 mghample) (Table 
IV). 


Tribasic Calcium Phosphate NF-Use 135-, 150-, and 165-mg 
samples to show the influence of sample size (Table V). 


Comparison with Extraction Method of Kleinman and Schrift- 
man (%)-Use 5-ml aliquots of a solution containing LOO0 g of anhydrous 
dibasic calcium phosphate NF in 100 ml(50 mghample) (Tables VI and 
VII) or 5-ml aliquots of a solution containing 760.0 mg of tribasic calcium 
phosphate NF in 100 ml(38 mghample) (Table VIII). 


Assay of Dibasic Calcium Phosphate Tablets--Weigh about 2.4 
g of finely powdered tablets, dissolve in 30 ml of hydrochloric acid and 
20 ml of water, and dilute to 200 ml. Take 25-ml aliquots for assay (Table 
1x1. 


Titrant, 
Sample ml Calcium, % 


800.0 mg in 100.0 ml 
1 28.80 28.86 
2 28.50 28.56 
3 28.38 28.44 


Average 28.62 
SD 0.25 
RSD 0.9 
720.0 mg in 100.0 ml 
25.85 28.78 
25.90 28.83 
25.80 28.72 
Average 28.78 
SD 0.005 
RSD 0.21 
880.0 mg in 100.0 ml 


1 31.50 28.69 
2 31.46 28.66 
3 31.48 28.68 


Average 28.68 
SD 0.018 
RSD 0.67 


0 Lot 761788, reagent grade, Fisher Scientific Co. 


1 
2 
3 


water and mix well. If the solution is not completely clear, filter through 
quantitative filter paper, discarding the first 10 ml of filtrate. 


Transfer a 25-ml aliquot to a 250-ml vessel equipped with a magnetic 
stirrer and add water to make 125 ml. With constant stirring, add, in 
order, 0.5 ml of triethanolamine, 300 mg of hydroxynaphthol blue indi- 
cator, and, from a 50-ml buret, 97% of the calculated amount of standard 
0.05 M disodium ethylenediaminetetraacetate solution. Add sodium 
hydroxide solution (45 in 100) until the initial red color changes to clear 


Table 111-Dibasic Calcium Phosphate Solution 
Initial Total 


0.0500 M Titrant 0.0500 M Titrant 
Added, ml Added, ml Calcium, % 


21 28.90 28.96 
21 28.88 28.94 
22 28.86 28.92 


Table V-Tribasic Calcium Phosphate a (25-ml Aliquots) 


0.0500 M 
Titrant. ~ ~.~ . .~~.  


Sample ml Calcium, 96 


1.200 g in 200 ml 
27.78 
27.80 


37.11 
37.14 


27.76 
27.78 
28.00 


27.09 
37.11 
37.41 


28.00 
27.72 


37.41 
37.03 
37.19 Average 


SD 
RSD 


0.14 
0.4 22 


23 
23 
24 


28.88 28.94 
28.96 
28.96 
28.96 
28.94 
28.96 
28.96 
28.96 
29.04 
28.96 
28.80 
28.76 


~. _. 


28.90 
28.90 
28.90 


540.0 mg in 100 ml 
1 
2 


25.20 
25.22 
25.00 


37.41 
37.44 


24 
25 


28.88 
28.90 
29.00 
28.90 
28.98 
28.70 
28.74 


3 37.11 25 
26 
26 
27 


37.32 
0.22 
0.3 


Average 
SD 
RSD 
660.0 mg in 100 ml 27 


28 
28 


28.70 
28.72 
28.70 


~. .. 


28.78 
28.72 
28.88 


1 
2 
3 


30.20 
30.24 
30.22 


36.68 
36.72 
36.70 


0 
0 28.82 


Average 
S D  
R S D  


28.90 Average 36.70 
S D  0.029 
RSD 0.08 


a Lot 25872, Baker Analyzed. 


0.088 
0.3 


a Lot 761788, reagent grade, Fisher Scientific Co. 
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Table VI-Dibasic Calcium Phosphate Solution (Extraction 
Method) 


0.0500 M 


Table IX-Assay of Dibasic Calcium Phosphate Tablets 


0.0500 M Dibasic Calcium Phosphate 
Titrant, Dihydrate, mg Percent 


Aliquot ml per Average Tablet of Claim 


Lot Aa  


Titrant, 
Sample ml Calcium, % 


1 
2 
3 
4 


7.10 
7.08 
7.10 
7.10 


28.46 
28.38 
28.46 
28.46 
28.44 
0.039 
0.14 


1 28.16 
2 28.12 
3 28.08 


476.08 
475.40 
474.72 
475.06 


97.96 
97182 
97.68 
97.75 4 28.10 Average 


SD 
RSD 


Average 
SD 
RSD 


97.80 
0.14 _._. 
0.1 


a Lot 761788, reagent grade, Fisher Scientific Co. 


Table VII-Dibasic Calcium Phosphate a (Aliquots of Same 
Solution by Extraction and Direct Titration) 


Lot Bb 
480.2 
478.9 
476.8 
478.5 


1 28.10 
2 28.02 


98.81 
98.53 
98.11 3 27.90 


4 28.00 0.0500 M 
Titrant, 


Sample ml 


98.46 
98.48 
0.34 
0.3 


Average 
SD 
RSD 


Calcium, % 


By Extraction Lot C“ 
1 7.04 28.22 


28.22 1 28.20 
2 28.54 
3 28.38 


479.7 
485.5 
482.7 
485.1 


98.70 
99.89 
99.33 
99.82 
99.44 
0.58 


2 
3 


7.04 
7.04 
Average 
SD 
RSD 


28.22 
28.22 
0.00 4 28.52 


Average 
SD 0 


By Direct Titration RSD 0.6 


For Lot A, the weight of 20 tablets was 11.7534 g, average tablet weight was 0.588 
g, the label claim was 7.5 grains (486.0 mg)/tablet, sample weight was 2.3925 g, and 
a 25-ml aliquot contained 0.2991 g. For Lot B, the weight of 20 tablets was 11.6618 
g, average tablet weight was 0.583 g, the label claim was 7.5 grains (486.0 mg)/tablet, 
sample weight was 2.3483 g, and a 25-ml aliquot contained 0.2935 g. For Lot C, 
the weight of 20 tablets was 12.0077 g, average tablet weight was 0.60039g, the label 
claim was 7.5 grains (486.0 mg)/tablet, sample weight was 2.4278 g (in 200 ml), and 
a 25-1111 aliquot contained 0.3035 g. 


1 7.16 
2 7.16 
3 7.18 


28.70 
28.70 
28.78 


Average 28.73 
SD 0.017 
RSD 0.2 


Lot 761788, reagent grade, Fisher Scientific Co. 


RESULTS AND DISCUSSION 


For the 30 direct titrations of a single sample of dibasic calcium 
phosphate NF2 (Tables 11,111, and VII), the average calcium content was 
28.82%. The standard deviation was 0.16%, which gives a relative standard 
deviation of 0.6%. All standard deviations were calculated from range 
values using literature values of dp (3). When tested against the average 
for the 30 determinations of dibasic calcium phosphate, some subgroups 
of Table 11, the duplicate groups of Table 11, and the subgroup of Table 
VII did not meet the F-test for homogeneity of variance at  the 95% con- 
fidence level. Therefore, it was not quite correct to test the significance 
of the difference between the individual subgroup average and the general 
average by the Student t test. However, when the test was applied, the 
differences between the subgroup average and the general average were 


Table VIII-Tribasic Calcium Phosphate a (Aliquots of Same 
Sample by Extraction and Direct Titration) 


0.0500 M 


not significant a t  the 95% confidence level. Therefore, neither a variation 
of up to 10% in the sample size nor the amount of complexing agent ini- 
tially added in the titration affects the assay result, and the extraction 
method gives the same results as the general method. 


Comparison of the extraction method with the direct titration (Tables 
VII and VIII) shows that the difference is not significant at the 99% 
confidence level but is significant a t  the 95% confidence level. This result 
is attributed to the zero standard deviation of one set of determinations. 
The assumption of any reasonable standard deviation to replace the zero 
actually observed yields the result that the difference in averages is not 
significant a t  either confidence level. 


The general method is applicable to solutions containing added 
phosphate until the molar ratio of phosphorus to calcium approaches 2:1 
(Table IV). When this ratio was at  2.51, the precipitate formed dissolved 
so slowly that the end-point was unduly prolonged, even though the result 
was acceptable. These data indicate that the direct method for dibasic 
calcium phosphate (phosphorus to calcium ratio = 1:l) and tribasic cal- 
cium phosphate (phosphorus to calcium ratio = 2:3) should show no 
phosphate interference and that the general method should work in so- 
lutions containing a considerable molar excess of phosphate over calci- 
um. 


When three different lots of dibasic calcium phosphate tablets were 
analyzed, recoveries appeared to be acceptable and the standard devia- 
tions were in the range expected from the determinations of the parent 
compound (Table IX). 


It was not possible to compare the proposed methcd with the currently 
official methods because the official methods determine the phosphate 
rather than the calcium content. However, the proposed method is much 
more rapid than the official methods for dibasic calcium phosphate NF 
and tribasic calcium phosphate NF, has acceptable reproducibility, and 
is comparable in results to the last published method for calcium phos- 
phate (2). Moreover, it determines the physiologically active portion of 
the molecule (both official calcium phosphates are designated as “calcium 
supplement”). 


REFERENCES 
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Titrant, 
Sample ml Calcium, % 


By Extraction 


1 
2 


6.92 
6.92 
6.92 


36.49 
36.49 
36.49 
36.49 


3 
Averaee - 
SD 0.00 
RSD 0 
Bv Direct Titration 


l b  
2 
3 
46 


6.98 
6.98 
6.96 
6.92 


36.70 
0.16 
0.4 


Average 
SD 
RSD 


Lot 25872, Baker Analyzed. Sample 1 had no ethylenediaminetetraacetate 
added initially; Sample 4 had 75% of the calculated amount of ethylenediamine- 
tetraacetate added initially. 
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Mass Fragmentographic Determination of 
Plasma Etomidate Concentrations 


MICHAEL J .  VAN HAMME *, JOHN J. AMBREtX, and 
MOHAMED M. GHONEIM* 


Abstract The intravenous anesthetic etomidate was measured in 
human plasma by mass fragmentography. The method is accurate, sen- 
sitive, and specific. Results of the analyses indicate that after a single 
0.3-mg/kg iv dose of etomidate, there are a t  least three phases in its dis- 
appearance from human plasma. Detectable plasma concentrations exist 
for more than 6 hr after injection. 


Keyphrases 0 Etomidate-mass fragmentographic analysis, human 
plasma 0 Mass fragmentography-analysis, etomidate in human plasma 
n Hypnotics-etomidate, mass fragmentographic analysis, human 
plasma 


Etomidate is a new imidazole hypnotic used intrave- 
nously for induction of anesthesia. Compared to thio- 
pental, the standard intravenous anesthetic, etomidate 
produces less cardiovascular and respiratory depression 
(1, 2). Like thiopental, etomidate induces sleep rapidly 
(10-15 sec) and has a short duration of action (2). Unlike 
the short-acting barbiturates, however, it does not produce 
a “hangover” effect (3) due to its rapid disappearance from 
nervous tissue and plasma and the dependence of this 
process upon rapid metabolism rather than redistribution 
(4). However, etomidate disposition has not been studied 
extensively. 


Because etomidate has promise as an anesthetic in- 
duction agent (5 ) ,  a sensitive, specific assay for use in fu- 
ture clinical pharmacological studies was needed. The 
developed method is based on combined GLC-mass 
spectrometry and single ion monitoring, a technique called 
mass fragmentography. 


EXPERIMENTAL 


Reference Compounds-Authentic etomidate sulfate [@)-(+)-ethyl 
1-( l-phenylethyl)-1H-imidazole-5-carboxylate sulfate] and propoxate 
hydrochloride [ (+) -propyll- ( 1 -phenylethyl) - 1H-imidazole-5-carboxylate 
hydrochloride] were used as received’. Aqueous solutions of propoxate, 
1 and 2 pglml, were used as internal standards. All etomidate concen- 
trations are expressed in terms of free base. 


GLC-Mass Spectrometry-A quadrupole gas chromatograph was 
interfaced to a mass spectrometer2 with a glass jet separator and glass 
transfer 1ines.A 1.5-m (5-ft) X 2-mm i.d. glass column was silanized and 
packed with 5% OV-225 on 100-120-mesh Supelcoport3. Helium was the 


Courtesy of Janssen Pharmaceutica, Beerse, Belgium, 
Finnegan model 3200E. 
Supelco, Inc., Supelco Park, Bellefonte, Pa. 


carrier gas at a flow rate of 20 ml/min. The temperature of the injection 
port was 250’; the column, separator, and transfer line temperatures were 
230, 260, and 230°, respectively. Operating conditions for the mass 
spectrometer were: electron energy, 70 ev; emission ion current, 200 amp; 
and power supply, 2.5 kv. 


Complete mass spectra of authentic etomidate and propoxate were first 
obtained by using the solid probe inlet to the mass spectrometer. The 
identities of these compounds as they eluted from the chromatograph 
were confirmed by comparison of their complete mass spectra to those 
of the authentic compounds. 


These operating conditions also were used for mass fragmentography. 
The intensity of the m/e 105 and 77 ions was monitored using a pro- 
grammable multiple-ion monitor‘ (at a sensitivity of and a dual-pen 
strip-chart recorder. The m/e 105 ion was monitored for the detection 
and quantitation of both etomidate and propoxate since it was the most 
abundant. The mass marker was used to center the ion window with a 
window width of less than 1 amu. The mass marker was not in operation 
during sample analyses. 


Procedure-Blood samples were obtained from patients who un- 
derwent anesthetic induction with etomidate for eye or ear surgery. All 
patients were otherwise healthy, had normal liver and kidney function, 
and were taking no other medication. Each received 10 mg of diazepam 
and 0.3 mg of scopolamine intramuscularly 30 min prior to etomidate 
injection. 


An indwelling cannula was placed in an antecubital fossa vein, and a 
10-ml control blood sample was withdrawn. Etomidate (0.3 mghg iv) was 
then administered over 30 sec into an antecubital fossa vein of the other 
arm. After induction with etomidate, anesthesia was maintained with 
nitrous oxide-oxygen and enflurane. 


Blood samples of 10 ml were withdrawn through the cannula into 
heparinized glass syringes. Samples were taken at 1,2,4,8,15, and 30 min 
after injection and then hourly to 6 hr. The blood samples were imme- 
diately transferred to 15-ml glass-stoppered centrifuge tubes containing 
heparin and 10 pl of saturated potassium fluoride solution (to inhibit 
esterase activity) (6). The plasma was separated by centrifugation at 2000 
rpm for 15 min and then frozen and stored at  -15’ until extracted. 


Because of the wide range of etomidate concentrations, the 0-30-min 
samples were processed separately from later samples. Standard plasma 
samples containing etomidate concentrations ranging from 1.25 to 0.10 
pg/ml were extracted with the 0-30-min patient plasma samples. Ali- 
quots, 3 ml, of 0.05 M phosphate buffer, pH 7.4, and 1.0 ml of 1.0-pg/ml 
propoxate hydrochloride internal standard solution were first added to 
a 1.0-ml aliquot of each plasma sample. These samples were then 
subjected to the extraction procedure described below. 


Patient plasma samples from later sampling times (1-6 hr) were ana- 
lyzed with a separate set of standard plasma samples containing 0.25- 
0.001 pg of etomidate/ml. Aliquots, 1 ml, of a 0.2-pglml propoxate hy- 
drochloride internal standard solution were added to 4.0-ml aliquots of 
these samples. These samples were then subjected to the following ex- 
traction procedure, which is a modification of that suggested by Wynants 
et al. (7): 


~~ 


Finnigan model 1015-80 PROMIM. 
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New Compounds: Organoboron Derivatives of 
Tetracyclines I: Synthesis of 
Carboxamido Derivative of Tetracycline with 
Perhydro-2-phenyl-l,3,6,2-dioxazaborocine 


CHARLES W. ROSCOE x, JOHN W. PHILLIPS *, and 
WILLIAM C. GILLCHRIEST 


Abstract An organoboron carboxamido derivative of tetracycline, 
designed for use in the 'B-thermal neutron-capture treatment of cancer, 
was synthesized under the conditions of the Mannich reaction using 
perhydro-2-phenyl-l,3,6,2-dioxazaborocine as the amine component. 
Spectral data (UV, IR, and NMR) for the compound and its hydrolytic 
stability are discussed. 


Keyphrases Organoboron compounds-carboxamido derivative of 
tetracycline synthesized, UV, IR, and NMR spectral data and hydrolytic 
stability evaluated 0 Tetracyclines-organoboron carboxamido deriv- 
ative synthesized, UV, IR, and NMR spectral data and hydrolytic sta- 
bility evaluated 0 Antineoplastic agents, potential-organoboron car- 
boxamido derivative of tetracycline synthesized, UV, IR, and NMR 
spectral data and hydrolytic stability evaluated 


The avidity of the tetracycline antibiotics for various 
types of neoplastic cells (1-17) suggested their possible use 
as carrier molecules for selectively localizing the neu- 
tron-absorbing isotope of boron, '$3, in malignant tumors. 
The potential therapeutic value of boron thermal neutron 
capture in situ was first discussed by Locher (18) in 
1936. 


BACKGROUND 


Successful use of a boron compound in the neutron-capture treatment 
of cancer requires its selective uptake by neoplastic cells and its retention 
for a sufficient period to allow for the clearance of the compound from 
other body tissues prior to thermal neutron exposure (19-21). Boron was 
recognized early as an ideal element for this purpose because of the large 
neutron-capture cross section of its naturally occurring '$-isotope. The 
energy released from the neutron-capture reaction, 'EB + An - [':B] - 
ZLi + ;He + 2.4 MeV, where ,$I represents thermal or slow neutrons having 
energies of about 0.025 ev, is sufficient t o  cause localized destruction of 
boron-containing tumor cells. 


Numerous reports on the preparation and evaluation of organoboron 
compounds for possible use in the neutron-capture treatment of cancer 
have appeared. With few exceptions, however, the results have been 
disappointing, primarily because the compounds lacked the necessary 
specificity to achieve acceptable ratios of tumor to normal tissue boron 
concentrations. 


Because of the specific binding of tetracycline to ribosomes (22-281, 
tetracycline should be an ideal vehicle for transporting the fissionable 
element to rapidly proliferating neoplastic cells. Although the precise 
nature of the interaction between tetracycline and ribosomes remains 


to be established (24), suitable boronated derivatives might exhibit 
similar ribosomal binding characteristics. On this basis, the design and 
syntheses of boron-containing derivatives of the tetracyclines were un- 
dertaken. One borocine derivative' showed potential in neutron-capture 
experiments with adenocarcinoma-bearing mice (291, and the results of 
a human neoplastic cell culture study (30) suggested that the compound 
might be interacting a t  the ribosomal level. 


The subject of this report is the synthesis of a new borocine Man- 
nich-base derivative of tetracycline, characterized as 4-dimethyl- 
amino - 1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy-6- 
methyl-l~,ll-dioxo-N-[(perhydro-2-phenyl-1,3,6,2-dioxazaborocin -6- 
yl)methyl]-2-naphthacenecarboxamide (111). The Mannich base was 
prepared from tetracycline (I), perhydro-2-phenyl-l,3,6,2-dioxazabo- 
rocine (II), and paraformaldehyde, (CHzO),, using a modification of the 
methods of Gottstein et al. (31) for preparing carboxamido derivatives 
of I (Scheme I). 


EXPERIMENTALz 


Perhydro-2-phenyl- 1,3,6,2-dioxazaborocine (11)-This compound 
was prepared according to the method of Musgrave and Park (32) from 
2,2'-iminodiethanol and phenylboronic acid, mp 214' [lit. mp 209.5-210O 
(32) and 214-215' (33)]; IR (KBr): urnax 3100 (NH), 2900,2850 (CH), 1200 
(N - B) (34), 1175 (CO), 920 (N - B) (34), 750, and 705 (Ar) crn-'; NMR 
(deuteromethanol): d 2.55-3.17 (m, 4H), 3.47-4.10 (m, 4H), 4.77 (s, lH),  
and 7.07-7.67 (m, 5H) ppm. 


Compound 111-A mixture of 4.32 g (8.68 mmoles) of I, 1.66 g (8.68 
mmoles) of 11, and 0.312 g (10.4 mmoles) of paraformaldehyde in 200 ml 
of absolute ethanol was gradually heated to reflux with stirring over 1 hr; 
nearly all solids dissolved during this time. The hot mixture was filtered, 
and the filtrate, after standing in the cold overnight, yielded 4.75 g (80%) 
of 111 as a water-soluble (-25%), yellow, amorphous solid, mp 300' dec.; 
[a]:: -156' (c 0.907, water); UV (methanol): X 268 (log a 4.31) and 366 
(4.26) nm. 


Anal.-Calc. for C ~ ~ H ~ S B N ~ O ~ W ~ H ~ O :  C, 57.99; H, 6.19; B, 1.58; N, 
6.16. Found: C, 58.09; H, 6.16; B, 1.49; N, 5.97. Equivalent weight by ti- 
tration (perchloric acid in acetic acid) is 340, and water content (Karl 
Fischer) is 5.5% (C33H38BN3010. 2Hz0, mol. wt. 683.53, requires 342 and 
5.3%, respectively). 


1 The chemical characterization of this compound will be the subject of another 
report. 


2 Melting points were determined on a Kofler micro hot stage and are uncorrected. 
Elemental analyses were performed by the Galbraith Laboratories, Knoxville, Tenn. 
UV and IR spectra were recorded on Hitachi P-E 139 and Beckman IR-5A and 
IR-10 spectrophotometers. NMR spectra were recorded on Varian A-60 and T-60 
instruments with tetramethylsilane as the internal standard. Mass spectra were 
recorded on an A.E.I. MS9 instrument. 
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111 
Scheme 1 


RESULTS AND DISCUSSION 


The partial NMR spectra of I and Ill in deuteropyridine are shown in 
Fig. 1. The chemical shifts observed for the protons of the C-6 methyl and 
C-4 dimethylamino groups (6 1.75 and 2.51) of I were in excellent agree- 
ment with previously puhlished values (35). The broad singlet centered 
a t  6 2.54 (6H) and assigned to the methyl protons of the C-4 dimethyl- 
amino group of 111 was partially overlaid by the downfield multiplet due 
to the C-5 and C-7 methylene protons of the borocine ring of 11. The 
unobstructed broad singlet centered a t  6 4.39 (2H) in the spectrum of 111 
was assigned to the methylene protons of the NCHzN group (calculated 
value, 6 4.25). This assignment is supported by NMR studies on model 
Mannich bases3. 


Overlapping of absorption bands in the IR spectrum of 111 virtually 
precluded definitive assignments of group frequencies. For example, the 
expected differences in absorption in the 1700-1500-~m-~ region due to 
the secondary amido group of 111 as compared to that of the primary 
amido group of I were obscured by extensive overlapping of bands (Fig. 
2). However, with a sample of I in the reference beam, a difference 


PARTS PER MILLION (1) 
7.0 8.0 9.0 10 - ,-- . . - , --q= 


I I ,  I I 
. 


5.0 4.'0 ' ' " " " '  3.0 " " " " '  2.0 ' ' " " " '  1 .o 
PARTS PER MILLION ( 6  1 


Figure 1-Partial N M R  spectra (deuteropyridine) of I o u w  curve) 
and III (upper curve). 


3 Unpublished results. 
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Figure 2-Partial IR spectrum of I I I  (lower curve) and its difference 
spectrum (upper curve). 


spectrum (Fig. 2) was obtained that clearly showed maxima a t  1640 and 
1530 cm-', to which the amide I and amide I1 bands, respectively, of the 
secondary amido group were assigned (36). 


Except for slight differences in amax values, the UV spectrum of I11 is 
identical to that of I. This finding has been taken as evidence that al- 
kylation of the phenolic D ring of I did not occur as an alternative to  al- 
kylation of the amido group, since the former reaction could be expected 
to cause a detectable bathochromic shift of the aromatic B band. 


Aqueous solutions of 111 changed in color from yellow to reddish-brown 
on standing a t  room temperature and unprotected from light for more 
than a few days. That  these changes were preceded by hydrolysis was 
demonstrated clearly by changes in the NMR spectra of the solutions with 
time. In the presence of acid, the hydrolysis rate was accelerated greatly. 
For example, almost complete hydrolysis occurred when an aqueous so- 
lution of 111 (pH - 7) was adjusted to pH 2-3 with hydrochloric acid. This 
pH resulted in the precipitation of phenylboronic acid. Adjustment of 
the filtrate to pH 6 resulted in the precipitation of pure I. Further ad- 
justment of the filtrate to pH 7 resulted in the precipitation of an addi- 
tional small amount of I contaminated with Ill. The identity of recovered 
I was established by comparison of its melting point and IR, NMR, and 
mass spectra (70 ev), mle 444 (M+), with those of an authentic sample. 
Attempts to obtain a mass spectrum of 111, using the direct insertion 
technique, were unsuccessful. 
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Strain-Gauge Wheatstone Bridge Design for 
Automatic Capsule-Filling Machine 


~ 


Keyphrases Capsule-filling machine, automatic-strain gauges, ex- 
planation of activity Instrumentation-automatic capsule-filling 
machine, explanation of activity of strain gauges 


To the  Editor: 
A recent publication (1) described the application of 


strain gauges for determining compaction and ejection 
force in an automated capsule-filling machine. The rede- 
sign of the dosator piston for the installation of strain 
gauges resulted in the sensitive and linear measurement 
of force applied to the dosator piston. However, the design 
in which the strain gauges were applied does not provide 
a pair of passive gauge elements. The two gauge elements 
mounted perpendicular to the piston axis were described 
as temperature-compensating gauges and passive arms in 
the Wheatstone bridge circuit. In fact, these gauge ele- 


ments in that design are active due to the phenomenon 
known as the Poisson effect (2). This effect is described in 
the following example. 


When a material undergoes compression resulting in 
longitudinal compression strain, it also undergoes 
transverse tension strain (lateral strain). The relationship 
between the lateral and longitudinal strain is called the 
Poisson ratio ( p )  and, for a given material, is relatively 
constant within the proportional limits for that materi- 
al: 


lateral strain 
longitudinal strain P =  


The expected sensitivity for this strain-gauge design can 
be calculated as follows. Young’s modulus ( E )  for type 304 
stainless steel, which is used in the instrumented dosator, 
is 1.97 X lo6 kg cm-2 ( 3 ) .  Young’s modulus is expressed 
mathematically as: 


E=’ 
e 


(Eq. 2) 
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Time-Dependent Kinetics 111: Diurnal 
Oscillations in Steady-State Plasma Valproic Acid 
Levels in Rhesus Monkeys 


R. H. LEVYX, J. S. LOCKARD, I. H. PATEL, and 
W. C. CONGDON 


Abstract 0 Valproic acid was administered by constant rate intravenous 
infusion to catheterized chaired rhesus monkeys for 8-10 weeks under 
controlled environmental conditions. Steady-state plasma levels were 
monitored at 2-hr intervals for 26 hr (10 am-12 noon on the following 
day), 1 daytlweek for 6 weeks. Individual steady-state plasma concen- 
tration-time plots exhibited the following characteristics. During Period 
A (10 am-6 pm), plasma levels remained stable or decreased. During 
Period B (6 pm-6 am), plasma levels increased, reached a maximum, and 
remained markedly higher than during Period A. The maximum con- 
centrations were 40-140% higher than the observed minimum concen- 
trations. During Period C (6 am-noon), plasma levels tended to decline 
from the maximum concentrations achieved in Period B. In most cases, 
plasma concentrations at 10 am and 12 noon of the 2nd experimental day 
fell within 10% of their respective values on the previous day. The mean 
(&SD) periods obtained by cross-correlation analysis of individual plasma 
concentration-time plots were 30.7 (lt3.7) and 22.8 (f3.6) hr for Animals 
903 and 923, respectively. The corresponding mean (5SD) amplitudes 
were 27.3 (512.6) and 17.4 (f2.3)%. A circadian rhythm in total body 
clearance was hypothesized, and its pharmacokinetic implications are 
discussed. 


Keyphrases 0 Valproic acid-steady-state plasma levels, time-de- 
pendent kinetics, monkeys Kinetics, time dependent-valproic acid, 
steady-state plasma levels, monkeys Pharmacokinetics, time depen- 
dent-valproic acid, steady-state plasma levels, monkeys 0 Anticon- 
vulsants-valproic acid, steady-state plasma levels, time-dependent 
kinetics, monkeys 0 Circadian rhythm-valproic acid, steady-state 
plasma levels, time-dependent kinetics, monkeys 


Preliminary studies dealt with the pharmacokinetic 
properties of valproic acid (dipropylacetic acid) following 
single-dose administration at several dose levels to six male 
rhesus monkeys (1). These studies were undertaken to 
determine appropriate dosage regimens of the drug in view 
of its efficacy testing in an epileptic monkey model (2,3).  
Analysis of single-dose data revealed that: ( a )  the phar- 
macokinetic behavior of valproic acid could be described 
adequately by a one-compartment open model, ( b )  the 
total body clearance was 0.19 liter/hr/kg and dose inde- 
pendent, and ( c )  the elimination half-life was 0.7 hr. 


The short biological half-life of valproic acid suggested 
that a discontinuous mode of administration such as 


- 
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Figure I-Four-stage infusion of ualproic acid to Animal 913. 
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multiple oral dosing would be inappropriate since the 
frequency of administration required to obtain less than 
50% oscillations in plasma levels would not be practical. 
A continuous mode of administration such as constant rate 
chronic intravenous infusion was then considered. 


Monitoring of steady-state plasma levels during con- 
stant rate zero-order infusion of the drug to monkeys re- 
vealed noticeable fluctuations in plasma levels. Diurnal 
oscillations in steady-state plasma ethosuximide levels 
were previously observed under comparable experimental 
conditions (4,5). A similar phenomenon was suspected for 
valproic acid, and it was investigated further under con- 
trolled experimental conditions. 


EXPERIMENTAL 


Three chronically catheterized male rhesus monkeys (733, 903, and 
923) with implanted electrodes in the skull were used. Animals 903 and 
923 had been used previously to investigate the diurnal variations in 
steady-state plasma ethosuximide levels (5). The animals received con- 
tinuous zero-order infusions of valproic acid over 8-10 weeks (sterile 
valproic acid solutions in normal saline; infusion rates of 30-40 mg/hr 
yielding steady-state plasma levels of 30-55 wg/ml). 


Plasma samples of 0.5 ml were collected 1 day/week a t  2-hr intervals 
over 26 hr for 6 consecutive weeks. Plasma fractions, 0.2 ml, were assayed 
for valproic acid in duplicate using a previously described GLC procedure 
(6). Electroencephalogram (EEG) data were collected by continuous EEG 
monitoring (10 am-10 am or 10 pm-6 am) with or without blood sampling. 
Only 1 week of data could be obtained for Animal 733 because of technical 
difficulties with catheters. 


The other experimental conditions used in the present study were 
similar to those described previously (5). These included: housing of 
animals in an isolated room with diurnal lighting (light during day, 6 am4 
pm; and dark during night, 6 pm-6 am); strict feeding protocol (6 am, 
monkey chow; and 530  pm, monkey chow and fresh fruits) and noise 
schedule (moderately high volume, 6 am-6 pm; and low volume, 6 pm-6 
am); infusion of drug solutions; blood sampling; and EEG monitoring 
from an adjacent room. 


Periodic analysis of the data was performed using the cross-correlation 
technique (7) as reported earlier (5). 


RESULTS 


Preliminary Observations-Previous studies' in these laboratories 
involved single-stage and multistage constant rate infusions of valproic 
acid to four monkeys to achieve steady-state plasma levels between 20 
and 150 pg/ml. An example of the data collected is shown in Fig. 1. Be- 
cause of its short elimination half-life, steady-state levels of valproic acid 
were achieved within a few hours. However, appreciable variations in 
steady-state plasma levels were apparent in each stage. The difference 
between maximum and minimum steady-state plasma concentrations 
ranged from 10 to 50%. Similar variat,ions in steady-state plasma levels 
were also noticed in other animals. 


Fluctuations in steady-state plasma levels could be related to variations 
in experimental factors such as drug assay and/or infusion pump. The 
GLC assay precision was 6% or better and could not totally explain the 
observed fluctuations (6). Previously (5), the delivery rate of infusion 


'Unpublished data. 







Table I-Oscillations in  Steady-State Plasma Levels of Valproic 
Acid during Six Sampling Periods 


733 5 
903 1 


2 
3 
4 
5 
6 


923 1 
2 
3" 
4 
5 
6 


50.1 
44.8 
48.0 
44.0 
56.2 
53.5 
59.5 
44.1 
35.3 - 
37.4 
42.6 
41.3 


28.2 
30.1 
23.9 
31.2 
31.2 
35.3 
28.6 
18.5 
21.1 - 
25.4 
26.3 
25.7 


Table 11-Cross-Correlation Analysis of Experimental Data 


Animal Week Period, hr Amplitude, % 


733 5 21.0 17.24 
903 1 26.0 16.69 


33.0 46.77 2 
3" 
4 34.5 29.51 
5 27.5 15.75 
6 32.5 27.78 


Mean f SD 30.7 k 3.7 27.30 f 12.55 
Mean profile 31.5 17.92 


- - 


Plasma samples were not collected because of technical difficulties with the 
infusion catheter. 


923 i 
2 


22.0 20.07 
17.0 17.48 


pumps was shown to be relatively constant over several 24-hr periods. 
These considerations suggested that the observed fluctuations in 
steady-state plasma valproic acid levels represent a real phenomenon. 
This phenomenon could possibly be related to diurnal variations in total 
body clearance, as was observed for ethosuximide (5). To investigate this 
hypothesis further, additional studies were carried out under controlled 
conditions. 


EEG and Plasma Concentration-Time Data-The sleeping be- 
havior of animals was established by EEG monitoring. Animals were 
awake during most of the day periods and were in various stages of sleep 
during the night periods. These data are consistent with those obtained 
previously (5). 


Figures 2A and 3A show typical diurnal fluctuations in steady-state 
plasma levels observed over a given sampling period (Week 2) for Animals 
903 and 923, respectively, and Figs. 2B and 3B represent the corre- 
sponding average diurnal oscillations over six sampling periods. Plasma 
levels were not constant but fluctuated appreciably over the sampling 
period. The following characteristics were present in individual steady- 
state plasma concentration-time plots: 


Period A (10 a m 4  pm)-Plasma levels remained stable (Animal 903, 
Weeks 1,3, and 5; and Animal 923, Weeks 1,2, and 6) or decreased (An- 
imal 733, Week 5; Animal 903, Week 4; and Animal 923, Week 4). 


Period B (6 pm-6 am)-In all cases, plasma levels increased and re- 
mained markedly higher than those observed during Period A. The C,, 
(highest concentration during the 26-hr observation period) was always 
reached during this period: between 2 am and 6 am for Animal 903 and 
between midnight and 6 am for Animal 923. The C,,, values were gen- 
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Figure 2-Plots of typical diurnal changes in steady-state plasma levels 
during a given sampling period (A) and mean (=kSD) percent changes 
in plasma levels versus time (B) for Animal 903. 


- 36 - 
4 25.0 15.96 
5 24.0 19.09 
6 26.0 14.34 


Mean f SD 22.8 f 3.6 17.39 f 2.31 
Mean Drofile 25.5 14.41 


0 The cross-correlation analysis failed to give meaningful estimates of period and 
Plasma samples were not collected because uf technical difficulties amplitude. 


with the infusion catheter. 


erally 40-14Wh higher than the corresponding C,i, values (lowest con- 
centration during the 26-hr observation period) (Table I). 


Period C (6 am-Noon)-As in Period B, the behavior of plasma levels 
was quite consistent within and between animals. Plasma levels tended 
to decline from the C,, achieved during Period B. In most cases, plasma 
concentrations at 10 am and 12 noon of the 2nd experimental day fell 
within 10% of their respective values on the previous day. 


In a previous study (5), application of the cross-correlation analysis 
(7) to experimental data obtained using a similar protocol was evaluated 
and was satisfactory. In the present study, sets of individual plasma 
concentration-time data as well as the mean set of data for each animal 
were analyzed with that technique to obtain estimates of period and 
amplitude (Table 11). The mean (fSD) periods were 30.7 (f3.7) and 22.8 
(13.6) hr for Animals 903 and 923, respectively. The corresponding pe- 
riods obtained from mean profiles (Figs. 2B and 3B) were 31.5 and 25.5 
hr. These values suggest the possibility of a circadian rhythm in steady- 
state plasma levels, The estimated mean (fSD) amplitudes were rela- 
tively large, 27.3 (f12.6) and 17.7 (f2.3)% for Animals 903 and 923, re- 
spectively. 


DISCUSSION 


Variations in experimental factors such as GLC assay and/or infusion 
pump could not explain the diurnal oscillations in steady-state plasma 
levels observed in the present study. The latter could be related to a 
circadian rhythm in total body clearance (volume of distribution, renal 


f 
NOON 4 p m  8 p m  4 a m  8 a m  NOON 


MIDNIGHT 
CLOCK TIME 


Figure 3-Plots of typical diurnal changes in steady-state plasma levels 
during a given sampling period (A) and mean (&SD} percent changes 
in plasma levels versus time (B) for Animal 923. 
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excretion, and/or metabolism), as was suggested for another acidic an- 
ticonvulsant, ethosuximide (5). 


Valproic acid is highly bound to plasma proteins in monkeys (@ = 0.9 
at  100 pg/ml). Free fatty acids in plasma are highly protein bound, and 
they have been reported to displace clofibrate, a highly protein-bound 
hypolipidemic agent, from albumin binding sites (8). Crouthamel (9) 
suggested that these observations may have widespread significance, 
particularly since free fatty acid concentrations fluctuate widely. Con- 
centrations of blood free fatty acids are markedly influenced by such 
stimuli as exercise, fasting, emotional stress, insulin, and glucose and by 
such clinical conditions as diabetes, infection, hypothyroidism, hemo- 
dialysis, and adrenergic stimulation (9, lo), Thus, the observed oscilla- 
tions in plasma levels of valproic acid may possibly be related to fluctu- 
ations in free fatty acid levels and competitive displacement from protein 
binding sites. 


An appreciable fraction of valproic acid (530%) is excreted unchanged 
in urine in monkeys (1). Diurnal variations in excretion rate, possibly 
related to a diurnal urinary pH rhythm, were reported in humans for 
sulfasymazine (ll), salicylate (12), and amphetamine (13). It is not known 
whether a circadian rhythm in uninary pH exists in monkeys. However, 
a rhythm in the excretion rate of valproic acid would require urinary pH 
values around 4.5 [pKa of valproic acid = 4.5 (1411. 


Circadian variations in the rates of in  uitro metabolism of drugs 
undergoing oxidative metabolic transformations (hexobarbital, amino- 
pyrine, p -nitroanisole, and 4-dimethylaminoazobenzene) were reported 
(15-19). Valproic acid is metabolized to a significant extent (70-95%) in 
monkeys (l), and some metabolic pathways in rats involve oxidative 
processes (20,21). Thus, circadian variations in the activities of hepatic 
drug-metabolizing enzymes, if present in monkeys, could contribute to 
the observed oscillations in steady-state plasma levels. 


Diurnal variations in steady-state plasma ethosuximide levels in 
monkeys were observed previously under similar experimental conditions 
(5). Although ethosuximide and valproic acid are both weak acids, they 
differ from each other both structurally and pharmacokinetically. The 
total body clearance of valproic acid is 10 times larger than that of 
ethosuximide [195 uersus 19.2 ml/hr/kg (1, 22)], and the elimination 
half-life of the former is one-fortieth that of the latter [0.7 uersus 28.5 
hr (1, 22)]. Moreover, valproic acid is highly protein bound whereas 
ethosuximide is only negligibly bound to plasma proteins (23,24). The 
fact that diurnal oscillations are present for both drugs in spite of these 
differences leads one to speculate whether other drugs would also exhibit 
diurnal variations in steady-state plasma levels under similar condi- 
tions. 


In linear pharmacokinetics (dose and time independent), zero-order 
intravenous infusion represents the most reliable method of maintaining 
stable steady-state drug levels. The present study shows that in the 
presence of time dependency, stable steady-state levels could not be 
maintained with a zero-order infusion approach. These and other ex- 
perimental findings (5) clearly indicate the need for pharmacokinetic 
models with oscillatory disposition functions. Such models are not yet 
available. The need for new approaches to drug administration is also 
apparent. 
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Anticonvulsant Activity and Selective Inhibition of 
NAD-Dependent Oxidations in Rat Brain 
Homogenates by Newer Mercaptotriazoles 


SURENDRA S. PARMAR *S*, MAHIMA CHAUDHARY *, 
SUNIL K. CHAUDHARY *, SUSHIL KUMAR *, and 
HERZL R. SPIRO* 


Abstract 0 Eight l-(2,6-dimethylphenoxyacetyl)-4-(substituted phe- 
ny1)thiosemicarbazides were cyclized to the corresponding 5-(2,6-di- 
methylphenoxymethyl)-4-(substituted phenyl)-3-mercapto-l,2,- 
4(4H)-triazoles and 5-(2,6-dimethylphenoxymethyl)-4-(substituted 
phenyl)-3-[ 1,2,4(4H)-triazolethioglycolic] acids. These compounds were 
characterized by their sharp melting points, elemental analyses, and IR 
spectra and were evaluated for anticonvulsant activity. The degree of 
protection (range) provided by these thiosemicarbazides, triazoles, and 
triazolethioglycolic acids at a dose of 100 mg/kg ip against pentylene- 
tetrazol(90 mgkg sc)-induced convulsions in mice was 10-50,20-80, and 
10-70%, respectively, where cyclization to triazoles increased anticon- 
vulsant activity of the precursor thiosemicarbazides. Increased protection 
by these compounds against convulsions was generally associated with 
decreased 24-hr pentylenetetrazol-induced mortality. These compounds 
exhibited selective in vitro inhibition of nicotinamide adenine dinu- 
cleotide (NAD)-dependent oxidation of pyruvate, a-ketoglutarate, and 
NADH by rat  brain homogenates while NAD-independent oxidation of 
succinate remained unaltered. The presence of added NAD to the reac- 
tion mixture during in vitro oxidation of pyruvic acid not only increased 
the respiratory activity of rat brain homogenates but also decreased the 
inhibitory effectiveness of thiosemicarbazides, triazoles, and tria- 
zolethioglycolic acids. The degree of selective inhibition of NAD-de- 
pendent oxidations wag unrelated to their anticonvulsant activity. 


Keyphrases 0 Thiosemicarbazides, various-synthesized, evaluated 
for anticonvulsant activity and effect on NAD-dependent oxidations, 
rats 0 Mercaptotriazoles, various-synthesized, evaluated for anticon- 
vulsant activity and effect on NAD-dependent oxidations, rats Tria- 
zolethioglycolic acids, various-synthesized, evaluated for anticonvulsant 
activity and effect on NAD-dependent oxidations, rats Anticonvulsant 
activity-evaluated in various thiosemicarbazides, mercaptotriazoles, 
and triazolethioglycolic acids, rats NAD-dependent oxidations-effect 
of various thiosemicarbazides, mercaptotriazoles, and triazolethioglycolic 
acids, rat  brain homogenates 0 Oxidations, NAD dependent-effect of 
various thiosemicarbazides, mercaptotriazoles, and triazolethioglycolic 
acids, rat brain homogenates 0 Structure-activity relationships-various 
thiosemicarbazides, mercaptotriazoles, and triazolethioglycolic acids 
evaluated for anticonvulsant activity and effect on NAD-dependent 
oxidations, rats 


Interest has been focused on the pharmacology of 1- 
phenyl-1,2,4-triazoles and 4-phenyl-1,2,4-triazoles (1). 
Earlier studies indicated central nervous system depres- 
sant (2), analgesic (3), and anti-inflammatory (4, 5 )  
properties of 1,2,4(4H)-triazoles. Furthermore, 1,4-di- 
substituted thiosemicarbazides, the precursors for the 
synthesis of cyclized triazoles, possess a broad spectrum 
of biological activities (6, 7). Anticonvulsant compounds 
also cause selective inhibition of nicotinamide adenine 
dinucleo tide (N AD) -dependent oxidations (8). 


These observations prompted synthesis of eight 1- 
(2,6-dimethylphenoxyacetyl)-4-(substituted pheny1)- 
thiosemicarbazides and their corresponding cyclized 5- 
(2,6-dimethylphenoxymethyl) -4- (substituted phenyl) - 
3-mercapto-l,2,4(4H)-triazoles. The substituted triazoles 
were further converted into 5-(2,6-dimethylphenoxy- 
methyl)-4-(substituted phenyl)-3-[1,2,4(4H)-triazole- 
thioglycolic] acids. The effects of all compounds were 


determined on the respiratory activity of rat brain ho- 
mogenates in an attempt to elucidate the biochemical basis 
for their anticonvulsant activity. 


CHEMISTRY 


The various substituted 1,2,4(4H)-triazoles were synthesized by fol- 
lowing the reactions outlined in Scheme I. Conversion of 2,6-dimethyl- 
phenol (I) to ethyl 2,6-dimethylphenoxyacetate (11) was carried out to 
synthesize 2,6-dimethylphenoxyacetohydrazide (111) through refluxing 
in ethanol with 99-100% hydrazine hydrate. Substituted thiosemicar- 
bazides (IV-XI, Table I),  prepared by the reaction of I11 with the ap- 
propriate aryl isothiocyanate, were cyclized to the corresponding mer- 
captotriazoles (XII-XIX, Table 11) in 2 N NaOH. Condensation of the 
substituted triazoles with monochloroacetic acid resulted in the formation 
of substituted 3-triazolethioglycolic acids (XX-XXVII, Table 111). All 
compounds were characterized by their sharp melting points, elemental 
analyses, and IR spectra. 


EXPERIMENTAL' 


Ethyl 2,6-Dimethylphenoxyacetate (11)-Equimolar quantities of 
I (0.2 mole), ethyl chloroacetate (0.2 mole), and potassium carbonate (0.25 
mole) in dry acetone (60 ml) were refluxed under anhydrous conditions 
for 12 hr. The reaction mixture was filtered, and the filtrate was poured 
over 100 ml of ice-cold water. The separated ester was extracted with 
ether and dried over anhydrous magnesium sulfate. Excess ether was 
removed by distillation, the remaining liquid fraction was subjected to 
fractional distillation, and the fraction boiling a t  270' was collected, yield 
33.3 g (80%). 
2,6-Dimethylphenoxyacetohydrazide (111)-To a solution of 0.15 


mole (31.2 g) of I1 in absolute ethanol (50 ml) was added 10 g of 99-10W 
hydrazine hydrate, and the mixture was refluxed under anhydrous con- 
ditions on a water bath for 4 hr. A white solid mass, which separated on 
cooling, was collected by filtration and recrystallized from ethanol into 
white crystalline solid, mp 9Z0, yield 17.4 g (60%). 


Anal.-Calc. for C I O H ~ ~ N ~ O ~ :  C, 61.85; H, 7.21; N, 14.63. Found: C, 
61.40; H, 7.36; N, 14.98. 
1-(2,6-Dimethylphenoxyacetyl) -4- (substi tuted Pheny1)- 


thiosemicarbazides (IV-XI)-Equimolar quantities of 111 (0.02 mole) 
and the appropriate aryl isothiocyanate (0.02 mole) were mixed in dry 
benzene, and the mixture was refluxed on a steam bath for 2 hr. Excess 
benzene was removed by distillation. The separated solid was collected 
by filtration, washed with a cold ethanol-water mixture, dried, and re- 
crystallized from ethanol. The various substituted thiosemicarbazides 
(Table I) were characterized by their sharp melting points and elemental 
analyses. 
5-(2,6-Dimethylphenoxymethyl)-4-(substituted Pheny1)-3- 


mercapto-l,2,4(4H)-triazole (XII-XIX)-A solution of 1-(2,6-di- 
methylphenoxyacetyl)-4-(substituted pheny1)thiosemicarbazide (0.01 
mole) in 2 N NaOH was refluxed over a free flame for 2-3 hr. After 
cooling, the mixture was filtered; the filtrate was acidified with dilute 
hydrochloric acid until complete precipitation occurred (9, 10). The 
separated solid was collected by filtration, washed with water, dried, and 
recrystallized from ethanol. Various substituted mercaptotriazoles were 
characterized by their sharp melting points and elemental analyses (Table 
11). 


' All compounds were analyzed for their carbon, hydrogen, and nitrogen content. 
Melting points were taken in open capillary tubes with a partial immersion ther- 
mometer and are corrected. IR spectra provided support for the structures of these 
compounds. 
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C1CH,COOC2H, 


CH,COCH, 
K2CO3 I 
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NH2NHz (99--100%) 
C,H,OH i 
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CH, 


I11 


'CH, 
IV-XI 


12 N NaOH 


x I I - x I x 
CICHzCOOH 
NaOH I 


xx-XXVII  
Scheme I 


5-(2,6-Dimethylphenoxymethyl)-4-(substituted Phenyl)-3- 
[ 1,2,4(4H)-triazolethioglycolic] Acids (XX-XXVI1)-A mixture of 
the appropriate substituted mercaptotriazole (0.005 mole), chloroacetic 
acid (0.005 mole), and sodium hydroxide (0.01 mole) was refluxed for 3 
hr. The mixture was cooled and acidified with dilute hydrochloric acid. 
The solid mass, which separated slowly from the acid solution, was col- 
lected by filtration and recrystallized from ethanol (11) (Table 111). 


Determination of Respiratory Activity of Rat Brain Homoge- 


nates2-Male albino rats, 100-150 g, were kept on an ad libitum diet until 
they were sacrificed by decapitation, The brains were removed imme- 
diately and homogenized3 in ice-cold 0.25 M sucrose in a ratio of 1:9 (w/v). 
All incubations were carried out at 37' in the conventional Warburg 
manometric apparatus, using air as the gas phase (12). The oxygen uptake 
was measured a t  10-min intervals. 


Fresh brain homogenate (1 ml) equivalent to 100 mg wet brain weight 
was added to the chilled Warburg vessels containing 6.7 mM magnesium 
sulfate, 20 mM dibasic sodium phosphate buffer solution (pH 7.4), 1 mM 
adenosine monophosphate (sodium salt), 33 mM potassium chloride, and 
500 fig of cytochrome c in a final volume of 3 ml unless otherwise stated. 
The central well contained 0.2 ml of 20% KOH solution. Pyruvate, a- 
ketoglutarate, and succinate were used at  a final concentration of 10 mM; 
NAD and NADH were used a t  0.5 mM. It was presumed that the en- 
dogenous NAD, present in brain homogenates, was sufficient for the 
cellular respiratory activity of rat brain homogenates. 


All test compounds were dissolved in propylene glycol (100%) and were 
used a t  a final concentration of 2 mM. An equal volume of propylene 
glycol was added to the control vessels. 


Determination of Anticonvulsant Activity-Anticonvulsant ac- 
tivity was determined (13) in mice of both sexes weighing 25-30 g. The 
mice were divided into groups of 10, keeping the group weights as near 
the same as possible. The test compounds were suspended in 5% aqueous 
gum acacia (1% w/v) and injected in a group of 10 mice each a t  a dose of 
100 mgkg ip. Four hours after the administration of the test compound, 
the mice were injected with 90 mg/kg sc of pentylenetetrazol. This dose 
of pentylenetetrazol not only produced convulsions in almost all un- 
treated mice but also caused 100% mortality during the 24-hr period. No 
mortality was found in mice treated with 100 mg/kg alone of the test 
compounds, and the animals were devoid of any behavioral effects. 


The occurrence of seizures was observed for 60 min. An episode of 
clonic spasm that persisted for a minimum of 5 sec after administration 
of pentylenetetrazol was considered a threshold convulsion. Transient 
intermittent jerks and tremulousness were not counted. Animals devoid 
of threshold convulsions during 60 min were considered protected. The 
number of animals protected in each group was recorded, and the anti- 
convulsant activity of the test compounds was represented as the percent 
protection. The mice were then observed for 24 hr, and their mortality 
was recorded. 


RESULTS AND DISCUSSION 


In the present study, the anticonvulsant activity possessed by 
thiosemicarbazides, triazoles, and triazolethioglycolic acids was reflected 
by their ability to provide 10-5oOh (Table I), 20-80?? (Table II), and 
10-70% (Table 111) protection, respectively, against pentylenetetrazol 
(90 mg/kg sc)-induced convulsions in mice a t  a dose of 100 mg/kg ip. 
Compounds V, X, and XXII were devoid of anticonvulsant activity, since 
no protection was observed a t  100 mg/kg. These results indicated an in- 
crease in anticonvulsant activity by cyclization of the precursor 
thiosemicarbazides into the corresponding triazoles. Further conversion 
of the triazoles into the corresponding triazolethioglycolic acids in most 
cases caused a decrease in their anticonvulsant activity; however, XXIV 
and XXV provided greater protection than their precursors (XVI and 
XVII). 


These results did not provide any specific requirements in the molec- 
ular structure of these compounds to warrant structure-activity rela- 
tionships with respect to the anticonvulsant activity. In addition, the 
anticonvulsant activity of some substituted mercaptotriazoles alone was 
comparable to that of methaqualone and meprobamate, which provided 
60 and 80% protection, respectively, a t  100 mg/kg ip against pentylene- 
tetrazol-induced convulsions in mice under similar experimental con- 
ditions (14). 


All thiosemicarbazides, triazoles, and triazolethioglycolic acids selec- 
tivity inhibited NAD-dependent oxidation of pyruvate, a-ketoglutarate, 
and NADH by rat brain homogenates a t  2 mM (Table IV). The degree 
of inhibition of pyruvic acid oxidation ranged from 35.4 to 93.7, from 18.5 
to 62.3, and from 30.5 to 90.8% with thiosemicarbazides, triazoles, and 
triazolethioglycolic acids, respectively. Similar inhibition of the oxidation 
of a-ketoglutarate was 30.5-54.2,14.4-46, and 37.2-64.7%, respectively. 
Of NADH, it was 36.2-60.2, 14.1-89.2, and 45.6-67.5% by thiosemicar- 
bazides, triazoles, and triazolethioglycolic acids, respectively. Oxidation 
of succinate remained unaltered in the presence of these compounds. 


* Commercial chemicals were used. Sodium pyruvate, sodium n-ketoglutarate, 
NADH, sodium succinate, adenosine monophosphate (sodium salt), and cytochrome 
c were obtained from Sigma Chemical Co., St. Louis, Mo. 


Potter-Elvehjem. 
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Table I-l-(2,6-Dimethylphenoxyacetyl)-4-(substituted Pheny1)thiosemicarbazides and Their Anticonvulsant Activity 


Pentylene- 
tetrazol Mor. 


IV H 166' 73 Ci7Hi9N30zS C 62.00 62.20 30 50 
H 5.77 5.78 
N 12.76 12.60 
C 62.97 62.80 Nil 90 
H 6.12 6.32 


V 2-CH3 150' 70 CisHziN30zS 
. -~ 


N 12.24 12.13 


H 6.12 6.32 
N 12.24 12.25 


VI 4-CH3C 168' 68 Ci8HziN302S C 62.97 62.86 50 


N 11.76 11.60 
IX 2-OCH3 144' 68 CisH~iN303S C 60.16 60.20 50 


H 5.84 5.60 
N 11.69 11.70 
C 60.16 60.26 Nil 
H 5.84 5.76 


X 4-OCH3 142' 66 Ci8HziN303S 


70 


50 


100 


50 


90 
-. . . 


N iiIG 11.72 


H 4.95 5.02 
N 11.55 11.64 


XI 4-C1 174' 65 Ci7HisC1N302S C 56.12 56.29 30 10 


a Anticonvulsant activity was determined at 100 mg/kg ip as described under Experimental. * Represents mortality over 24 hr in each group of animals administered 
The presence of characteristic bands of C=O (attached to nitrogen), C=S (flanked by nitrogen), and NH groups at 1695.1538, and pentylenetetrazol(90 mgkg sc). 


3344 cm-1, respectively, in the IR spectrum of VI provided further support for the structure of substituted thiosemicarbazides. 


Addition of NAD during the oxidation of pyruvate not only increased 
the respiratory activity of rat brain homogenates but also decreased the 
ability of these compounds to inhibit pyruvate oxidation, as reported 
earlier with quinazolones (15), 8-aminoketones (12), and thiazolidones 
(16). The degree of inhibition of 35.4-93.7, 18.5-62.3, and 30.5-90.8% 
observed during the oxidation of pyruvate by thiosemicarbazides, tria- 
zoles, and triazolethioglycolic acids was reduced to 26.2-82.3, 10.7-52.7, 
and 25.5-79.3%, respectively, in the presence of added NAD. These results 
provided evidence for a possible competition between thiosemicarbazides, 
triazoles, and triazolethioglycolic acids and NAD for the active site(s) 
on the enzyme molecule. Cyclization to triazoles caused a significant 
decrease in the ability of triazoles to inhibit NAD-dependent oxidations 
as compared to precursor thiosemicarbazides. Further conversion of 
triazoles into triazolethioglycolic acids increased the inhibitory effec- 
tiveness of the latter compounds to inhibit respiratory activity of rat brain 


homogenates with pyruvate, a-ketoglutarate, and NADH as the sub- 
strates. 


As was observed with the anticonvulsant activity possessed by these 
compounds, their selective inhibition of NAD-dependent oxidations was 
unrelated to their structure; a definite structure-activity relationship 
was not exhibited (Table IV). The ability of these thiosemicarbazides, 
triazoles, and triazolethioglycolic acids to inhibit oxidation of pyruvate, 
a-ketoglutarate, and NADH provides evidence regarding the possible 
inactivation of the electron-transfer process in the electron-transport 
chain by their actions presumably at the site of transfer of electrons from 
NADH to flavine adenine dinucleotide. 


Contrary to the increase in the anticonvulsant activity observed after 
cyclization of thiosemicarbazides into triazoles, the results indicated a 
decrease in the ability of triazoles to inhibit NAD-dependent oxidations 
by rat brain homogenates. Thus, selective inhibition of the respiratory 


Table II-5-(2.6-Dimethsl~henoxvmethvl)-4-(substituted Phenvl)-%-merca~to-1,2,4(4H)-triazoles and Their Anticonvulsant Activity 


Anticonvulsant Pentylene- 


Compound R Point % Formula Calc. Found Protection talitya, % 
Activity", % tetrazol Mor- Analysis, % Melting Yield, Molecular 


C 65.59 65.40 80 
H 5.46 5.23 
N 13.50 13.26 
C 66.46 66.72 60 
H 5.84 5.76 
N 12.92 12.90 
C 66.46 66.42 50 
H 5.84 5.62 
N 12.92 12.96 
C 67.25 66.96 70 
H 6.19 6.32 
N 12.39 12.50 


XVI 2,6-(CH3)2 220' 56 CigH21N30S C 67.25 67.50 50 


XVII 2-OCH3 198' 64 Ci8HigN302S C 63.34 63.50 40 


H 6.19 6.38 
N 12.39 12.40 


H 5.57 5.60 
N 12.31 12.56 


H 5.57 5.60 
N 12.31 12.52 


H 4.63 4.72 


XVIII 4-OCH3 184' 67 CisHigN30zS C 63.34 63.24 50 


XIX 4-C1 194' 68 C17H16ClN30S C 59.04 58.96 20 


20 


40 


50 


20 


60 


70 


70 


60 


N 12.15 12.25 


Screening procedures were as indicated in Table I. * The presence of the characteristic band of C=N (1610 cm-') and the absence of the C=O stretching band in 
the IR spectrum of XIV provided further support for the structure of substituted mercaptotriazoles. 
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Table 111-5-(2,6-Dimethylphenoxymethy1)-4-(substituted Phenyl)-1,2,4(4H)triazole-3-yl-thioglycolic Acids and Their Anticonvulsant 
Activity 


Anticonvulsant Pentylene- 


talitya, % 
Melting Yield, Molecular Analysis,.% Activitya, % tetrazol Mor- 


Compound R Point 96 Formula Calc. Found Protection 


XX H 152" 60 CwHigN303S C 61.79 61.60 10 
H 5.14 5.20 


70 


N 11.38 11.42 
XXI 2-CH3b 200" 65 CzoHziN303S C 62.66 62.40 30 


XXII 4-CH3 172' 70 CzoNziN303S C 62.66 62.44 Nil 


H 5.48 5.60 
N 10.96 11.20 


H 5.48 5.30 


70 


50 


N 10.96 10.68 
XXIII 2,4-(CH3)2 144' 65 CziHz3N303S C 63.47 63.27 10 70 


XXIV 2,6-(CH& 218" 60 CziHz3N304S C 63.47 63.30 70 Nil 


XXV 2-OCH3 168" 62 CzoHziN304S C 60.15 60.25 50 10 


H 5.79 5.82 
N 10.57 10.60 


H 5.79 5.82 
N 10.57 10.62 


H 5.26 5.40 
N 10.52 10.72 


H 5.26 5.30 
N 10.52 10.40 


H 4.46 4.52 


XXVI 4-OCH3 150" 55 CzoHz1N304S C 60.15 60.28 10 50 


XXVII 4-C1 138O 68 CigHi8CIN303S C 56.50 56.40 10 50 


N 10.40 10.60 


(I Screening procedures were as indicated in Table I. The presence of characteristic bands of C=O and C=N groups at  1739 and 1600 cm-'. respectively, in the IR 
spectrum of XXI provided further support for the structure of substituted triazolethioglycolic acids. 


Table IV-Selective Inhibition (Percent) of Respiratory Activity of Rat Brain Homogenates by Thiosemicarbazides, Triazoles, and 
Triazolethioglycolic Acids" 


Pyruvate Oxidation 
Absence of Presence of a-Ketoglutarate 


Oxidation 
NADH 


Oxidation ComDound NAD NAD 


Thiosemicarbazides 
43.8 f 0.9 
72.9 f 1.3 


IV 
V 


VI 
VII 


55.2 f 1.3 
82.1 f 0.9 
93.7 f 0.9 
83.9 f. 1.3 
73.3 f 1.3 
64.1 f 0.8 
35.4 f 1.0 
64.3 f 0.8 


54.2 f 1.2 
43.1 f 1.4 
41.7 f 0.9 
33.4 f 1.5 


54.9 f 1.5 
44.1 f 1.7 
36.2 f 0.9 
39.4 f 1.0 
46.1 i 1.2 
60.2 f 1.1 
38.6 f 0.7 
50.5 f 1.5 


16.5 f 0.5 
29.1 f 1.1 
89.2 f 1.5 
57.5 f 1.2 
14.1 f 0.5 


82.3 f 1.4 
69.5 f 1.1 


VIII 
IX 
X 


XI 


61.3 f 1.8 
58.3 f 1.4 
26.2 f 0.9 


44.9 f 1.1 
51.3 f 1.3 
30.5 f 1.4 


52.4 f 1.3 44.3 f 1.1 
Triazoles 


34.3 f 0.8 
10.7 f 1.4 
52.7 f 0.8 


XI1 
XI11 
XIV xv 
XVI 


51.1 f 1.5 
18.5 f 0.8 
63.6 f 1.3 
40.2 f 0.9 
26.2 f 0.6 
62.3 f 1.7 
29.1 f 0.6 
48.1 f 1.2 


64.0 f 1.3 


20.5 f 0.3 
14.4 f 0.9 
37.3 f 1.2 
46.0 f 1.0 
23.0 f 1.3 
41.5 f 1.3 
16.3 f 1.0 
30.4 f 1.3 


29.1 f 1.3 
18.4 f 1.3 


XVII 
XVIII 


XIX 


50.5 f 1.5 
17.6 * 1.2 
30.5 f 0.9 


59.5 f 1.4 
26.5 f 1.3 
67.4 f 1.6 


Triazolethioglycolic Acids 
50.9 f 1.2 
64.4 f 1.3 
70.5 f 1.4 
72.4 f 1.3 
79.3 f 1.9 
40.8 f 1.5 
25.5 f 1.0 
46.5 f 0.4 


xx 55.1 f 1.5 
64.7 f 1.2 
59.5 f 1.4 
59.5 f 1.2 
46.4 f 1.3 
62.1 f 1.4 


66.2 f 1.4 
50.3 f 1.3 
59.8 f 1.5 
67.5 f 1.2 
57.2 f 1.3 
49.2 f 1.5 
59.9 f 1.3 
45.6 f 1.4 


XXI 
XXII 


XXIII 
XXIV xxv 


75.0 f 1.3 
90.0 f 0.8 
87.5 f 1.4 
90.8 f 2.2 
56.1 f 1.4 
30.5 f 0.3 
67.7 f 1.4 


XXVI 
XXVII 


58.2 f i.8 
37.2 f 1.3 


a Vessel contents and assay procedures were as described in the test. All values are the mean of three duplicate experiments. The percent inhibition and standard errors 
( S E )  were calculated from the decrease in the oxygen uptake per 100 mg of wet brain weight per hour. The final concentration of pyruvate, (r-ketoglutarate, and succinate 
was 10 mM; the final concentration of NAD and NADH was 0.5 mM. All thiosemicarbazides, triazoles, and triazolethiog.lycolic acids were used at  2 mM. The values of 
oxygen uptake in the control experiments during oxidation of pyruvate, pyruvate plus NAD, a-ketoglutarate, NADH, and succinate were 71.6 f 1.:3,83 f 2.2,96 f 1.8, 
63.3 f 1.1, and 163 f 2.8 pl, respectively. The inhibition of the oxidation of succinate by these compounds was nil. 


activity cannot account for the biochemical basis of the anticonvulsant 
activity of thiosemicarbazides, triazoles, and triazolethioglycolic acids. 
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Interaction of Hydrocortisone with Model Membranes Containing 
Phospholipid and Cholesterol 


GARY W. CLEARY * and JOEL L. ZATZ 


Abstract Pure and mixed monolayers of lecithin and cholesterol were 
spread on substrates of dissolved hydrocortisone at 25 and 37'. The 
presence of hydrocortisone increased the surface pressure of dipalmitoyl 
and egg lecithin films that were in head contact. The increase in surface 
pressure was dependent on steroid concentration. There were no signif- 
icant interactions with coherent cholesterol monolayers. Penetration of 
hydrocortisone was decreased by the addition of cholesterol to the mo- 
nolayer system. These model membrane systems indicate that hydro- 
cortisone interacts with the hydrated polar head group of the phospho- 
lipid and not with films whose molecules are in hydrocarbon tail con- 
tact. 


Keyphrases Hydrocortisone-interaction with pure and mixed mo- 
nolayers of lecithin and cholesterol o Monolayers-lecithin and cho- 
lesterol, pure and mixed, interaction with hydrocortisone 0 Lecithin- 
monolayers, pure and mixed with cholesterol, interaction with hydro- 
cortisone Cholesterol-monolayers, pure and mixed with lecithin, 
interaction with hydrocortisone Membranes, model-pure and mixed 
monolayers of lecithin and cholesterol, interaction with hydrocorti- 
sone 


Several literature reports have drawn attention to the 
possibility that the biological activity of certain steroids 
is due to an interaction with biological membranes (1-5). 
In a review of steroids and cell surfaces, Willmer (1) pro- 
posed a mechanism of steroid activity based on the pene- 
tration of steroid molecules between the hydrocarbon tails 
of membrane phospholipids. Erythrocytes were more re- 
sistant to lysis in hypotonic solution when steroids were 
present in low concentration (2). In high concentration, the 
steroids themselves caused lysis or precipitation. Another 
study (3) showed that the corticosteroids tended to sta- 
bilize lysosomes at  pharmacological concentration 
( 10-4-10-6 M) but to lyse them at  higher concentrations. 
Cortisone and hydrocortisone exerted a protective effect 


on the membranes of erythrocytes (4) and rat liver cells 
(5). 


BACKGROUND 


One approach to an understanding of steroid-membrane interactions 
is through model membrane systems. Monomolecular films provide an 
organized interfacial structure believed to be similar to that found in 
biological membranes. Studies of drug penetration into monolayers 
containing components of natural membranes have been useful in ex- 
plaining the mode of action of many drugs (6, 7). 


Current concepts of cellular membranes suggest the existence of a fluid 
mosaic structure of globular proteins embedded in, and partially pro- 
truding from, an organized but discontinuous lipid layer (8). The site of 
attachment for membrane-active steroids might be protein or lipid. But 
membrane proteins have not been well characterized. Because of the 
availability of pure lipid substances known to be components of biological 
membranes and in view of Willmer's hypothesis (I), it was decided to use 
monolayers containing lecithins and cholesterol as membrane models. 


Few studies on the effect of steroids on monolayers have been reported. 
Progesterone penetrated monolayers of cholesterol and dipalmitoyl 
lecithin to some extent (9). Cortisone had little effect on monolayers of 
stearic acid or cholesterol (lo), and the properties of stearyl alcohol 
monolayers were not affected by the presence of dissolved steroids 
(11). 


Progesterone, testosterone, etiocholanolone, and androsterone had 
little effect on the surface pressure of lipid monolayers in the condensed 
state (12), but the surface potential of every monolayer was lowered by 
the same amount in the presence of a given steroid regardless of the na- 
ture of the polar group. This finding was attributed to alteration of the 
structure of water beneath the monolayers by the steroids. Similar 
changes in surface potential were caused by hydrocortisone in the pres- 
ence of lecithin and cholesterol monolayers (13). However, the observed 
changes were an artifact of the experimental procedure and not a result 
of changes in water structure. 


This report describes the effect of hydrocortisone (I) on model mem- 
branes composed of monolayers containing dipalmitoyl(I1) and egg (111) 
lecithins and cholesterol (IV). The molecular weights (in daltons) used 
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Mass Fragmentographic Determination of 
Plasma Etomidate Concentrations 


MICHAEL J .  VAN HAMME *, JOHN J. AMBREtX, and 
MOHAMED M. GHONEIM* 


Abstract The intravenous anesthetic etomidate was measured in 
human plasma by mass fragmentography. The method is accurate, sen- 
sitive, and specific. Results of the analyses indicate that after a single 
0.3-mg/kg iv dose of etomidate, there are a t  least three phases in its dis- 
appearance from human plasma. Detectable plasma concentrations exist 
for more than 6 hr after injection. 


Keyphrases 0 Etomidate-mass fragmentographic analysis, human 
plasma 0 Mass fragmentography-analysis, etomidate in human plasma 
n Hypnotics-etomidate, mass fragmentographic analysis, human 
plasma 


Etomidate is a new imidazole hypnotic used intrave- 
nously for induction of anesthesia. Compared to thio- 
pental, the standard intravenous anesthetic, etomidate 
produces less cardiovascular and respiratory depression 
(1, 2). Like thiopental, etomidate induces sleep rapidly 
(10-15 sec) and has a short duration of action (2). Unlike 
the short-acting barbiturates, however, it does not produce 
a “hangover” effect (3) due to its rapid disappearance from 
nervous tissue and plasma and the dependence of this 
process upon rapid metabolism rather than redistribution 
(4). However, etomidate disposition has not been studied 
extensively. 


Because etomidate has promise as an anesthetic in- 
duction agent (5 ) ,  a sensitive, specific assay for use in fu- 
ture clinical pharmacological studies was needed. The 
developed method is based on combined GLC-mass 
spectrometry and single ion monitoring, a technique called 
mass fragmentography. 


EXPERIMENTAL 


Reference Compounds-Authentic etomidate sulfate [@)-(+)-ethyl 
1-( l-phenylethyl)-1H-imidazole-5-carboxylate sulfate] and propoxate 
hydrochloride [ (+) -propyll- ( 1 -phenylethyl) - 1H-imidazole-5-carboxylate 
hydrochloride] were used as received’. Aqueous solutions of propoxate, 
1 and 2 pglml, were used as internal standards. All etomidate concen- 
trations are expressed in terms of free base. 


GLC-Mass Spectrometry-A quadrupole gas chromatograph was 
interfaced to a mass spectrometer2 with a glass jet separator and glass 
transfer 1ines.A 1.5-m (5-ft) X 2-mm i.d. glass column was silanized and 
packed with 5% OV-225 on 100-120-mesh Supelcoport3. Helium was the 


Courtesy of Janssen Pharmaceutica, Beerse, Belgium, 
Finnegan model 3200E. 
Supelco, Inc., Supelco Park, Bellefonte, Pa. 


carrier gas at a flow rate of 20 ml/min. The temperature of the injection 
port was 250’; the column, separator, and transfer line temperatures were 
230, 260, and 230°, respectively. Operating conditions for the mass 
spectrometer were: electron energy, 70 ev; emission ion current, 200 amp; 
and power supply, 2.5 kv. 


Complete mass spectra of authentic etomidate and propoxate were first 
obtained by using the solid probe inlet to the mass spectrometer. The 
identities of these compounds as they eluted from the chromatograph 
were confirmed by comparison of their complete mass spectra to those 
of the authentic compounds. 


These operating conditions also were used for mass fragmentography. 
The intensity of the m/e 105 and 77 ions was monitored using a pro- 
grammable multiple-ion monitor‘ (at a sensitivity of and a dual-pen 
strip-chart recorder. The m/e 105 ion was monitored for the detection 
and quantitation of both etomidate and propoxate since it was the most 
abundant. The mass marker was used to center the ion window with a 
window width of less than 1 amu. The mass marker was not in operation 
during sample analyses. 


Procedure-Blood samples were obtained from patients who un- 
derwent anesthetic induction with etomidate for eye or ear surgery. All 
patients were otherwise healthy, had normal liver and kidney function, 
and were taking no other medication. Each received 10 mg of diazepam 
and 0.3 mg of scopolamine intramuscularly 30 min prior to etomidate 
injection. 


An indwelling cannula was placed in an antecubital fossa vein, and a 
10-ml control blood sample was withdrawn. Etomidate (0.3 mghg iv) was 
then administered over 30 sec into an antecubital fossa vein of the other 
arm. After induction with etomidate, anesthesia was maintained with 
nitrous oxide-oxygen and enflurane. 


Blood samples of 10 ml were withdrawn through the cannula into 
heparinized glass syringes. Samples were taken at 1,2,4,8,15, and 30 min 
after injection and then hourly to 6 hr. The blood samples were imme- 
diately transferred to 15-ml glass-stoppered centrifuge tubes containing 
heparin and 10 pl of saturated potassium fluoride solution (to inhibit 
esterase activity) (6). The plasma was separated by centrifugation at 2000 
rpm for 15 min and then frozen and stored at  -15’ until extracted. 


Because of the wide range of etomidate concentrations, the 0-30-min 
samples were processed separately from later samples. Standard plasma 
samples containing etomidate concentrations ranging from 1.25 to 0.10 
pg/ml were extracted with the 0-30-min patient plasma samples. Ali- 
quots, 3 ml, of 0.05 M phosphate buffer, pH 7.4, and 1.0 ml of 1.0-pg/ml 
propoxate hydrochloride internal standard solution were first added to 
a 1.0-ml aliquot of each plasma sample. These samples were then 
subjected to the extraction procedure described below. 


Patient plasma samples from later sampling times (1-6 hr) were ana- 
lyzed with a separate set of standard plasma samples containing 0.25- 
0.001 pg of etomidate/ml. Aliquots, 1 ml, of a 0.2-pglml propoxate hy- 
drochloride internal standard solution were added to 4.0-ml aliquots of 
these samples. These samples were then subjected to the following ex- 
traction procedure, which is a modification of that suggested by Wynants 
et al. (7): 


~~ 


Finnigan model 1015-80 PROMIM. 
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Figure 1-Mass fragmentograms of plasma extracts from Patient 2, 
indicating elution position of etomidate and the internal standard 
propoxate. Key: A, control sample; and B, 3-hr sample containing 21.2 
ng of etomidatelml. 


1. Add 1.0 ml of 0.05 M borate buffer, pH 10, and mix on a vortex 
mixer. 


2. Add 5.0 ml of ether, shake on a horizontal shaker for 10 min, cen- 
trifuge at  1500 rpm for 5 min, and quick freeze the plasma layer in a dry 
ice-acetone bath. Transfer as much of the organic phase as possible to 
another 15-ml screw-capped centrifuge tube and seal with a polytef-lined 
cap. (The quick-freeze step facilitates the recovery of the organic 
phase.) 


3. Thaw frozen plasma samples in a 40' water bath and repeat Step 
2. Centrifuge at  2000 rpm for 10 min, quick freeze, and combine the ether 
extracts. 


4. Add 5.0 ml of 0.5 M H2SOa to ether extracts, shake for 10 min, 
centrifuge at 1500 rpm for 5 min, and remove all ether by aspiration. 


5. Add 3.0 ml of ether to the acidic aqueous extract; shake, centrifuge, 
and aspirate as in Step 4. 


6. Add 1.0 ml of 3.0 M NHdOH and mix on a vortex mixer. 
7. Add 3.0 ml of methylene chloride; shake and centrifuge as in Step 


4. Remove as much of the aqueous layer as possible by aspiration. 
8. Carefully transfer the methylene chloride extract to an evaporating 


tube. 
9. Evaporate to dryness. 


10. Take up the residue in 10-50 ~1 of n-hexane and inject 1-5 pl on 
the chromatograph column. 


A typical chromatogram is shown in Fig. 1. The magnitude of the de- 
tector response indicates the intensity of the mle 105 ion. 


Each standard curve was constructed by plotting the ratio of etomidate 
to propoxate peak heights against etomidate concentration. Standard 
curves were linear over the entire range of concentrations measured. 


RESULTS AND DISCUSSION 


Recovery of etomidate from extracted plasma was determined by 
comparing absolute peak height ratios of extracted standards to those 
obtained from unextracted primary standards. The actual recovery de- 
termined was 72 f 3%. 


The coefficient of variation obtained by extraction and analysis of five 
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Figure 2-Mass spectra of authentic etomidate and propoxate. 


replicate standards at  100, 50, 10, 5, and 1 nglml of plasma was 2.4%. 
Reproducibility did not vary significantly from day to day. 


As little as 100 pg of etomidate could be detected by injection on the 
chromatograph column. The practical limit of assay sensitivity is 1 ng/ml 
of plasma, which is a t  least 10-fold more sensitive than the method of 
Wynants et al. (7). The specificity of the mass fragmentography tech- 
nique allows extraction of large volumes of plasma without interference 
from endogenous substances. 


The conventional mass spectra of etomidate and propoxate are shown 
in Fig. 2. The base peak for each compound is at mle 105. The proposed 
structures of the major fragments also are indicated. The mle 105 ion is 
probably stabilized as the methyl tropylium structure (8). The mle 199 
ion arises from loss of the alkoxy side chain (S), while the mle 172 ion may 
result from ring cleavage and loss of hydrogen cyanide, a pattern char- 
acteristic of imidazoles (10). Other possible origins for the m/e 199 and 
172 ions are unlikely, since these ions have identical abundance in the 
mass spectra of both propoxate and etomidate. The mle 77 ion probably 
represents the phenyl ring fragment. 


During mass fragmentographic analysis, the m/e 77 ion also was 
monitored. The ratio of its intensity to that of the mle 105 ion served as 
a check against the possibility that an endogenous component of plasma 
with the same retention time was contributing to the size of the mle 105 
peak ( 1 1 ) .  


Since the major metabolite of etomidate in humans is the corre- 
sponding carboxylic acid, it has been assumed that plasma pseudocho- 
linesterase may hydrolyze the drug (6), although apparently this has not 
been studied. A 10+1 aliquot of a saturated solution of potassium fluoride 
was added to all blood samples to inhibit esterase activity. Etomidate 
concentrations in samples treated in this manner were unchanged for at  
least 2 hr a t  room temperature and for a t  least 1 month when frozen and 
stored at  -15'. 


Concentrations of etomidate in the plasma of patients given 0.3 mg/kg 
iv for induction of anesthesia are shown in Fig. 3. All values are the result 
of duplicate determinations. The large variation in concentrations in the 
1-4-min samples probably reflects incomplete mixing of the drug within 
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Figure 3-Plasma concentrations following 0.3 mg of etomidate sul- 
fatelkg iv. Concentrations in the 1-min samples from Patients I and 4 
were 11 70 and 1200 nglml, respectively. 


the vascular volume. Plasma etomidate concentrations in these patients 
a t  6 hr after the injection were still well above the limits of assay sensi- 
tivity. Therefore, etomidate is detectable in plasma for several hours 
longer than previously indicated (7). 


The semilogarithmic plot of these plasma level data (Fig. 3) indicates 
that there are a t  least three phases in the plasma disappearance of 


etomidate. This assay provides the sensitivity necessary to measure 
terminal phase plasma concentrations important in drug kinetic studies 
(12). A pharmacokinetic study involving a larger number of patients is 
currently in progress. 
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In Vitro Adsorption of Doxorubicin Hydrochloride on 
Insoluble Calcium Phosphate 


ROY J. STURGEON, CYNTHIA FLANAGAN * 
DATTA V. NAIKt., and STEPHEN G. SCHULMANX 


Abstract o The adsorption of doxorubicin hydrochloride, a potent an- 
titumor agent, on solid tribasic calcium phosphate was studied in vitro. 
A Langmuir adsorption isotherm at pH 7.4 and the maximum adsorption 
capacity of tribasic calcium phosphate were established. Tribasic calcium 
phosphate was chosen as a model for solid bone samples, which are 
stained with doxorubicin in patients who have received long-term dox- 
orubicin therapy. 


Keyphrases 0 Doxorubicin hydrochloride-adsorption on solid tribasic 
calcium phosphate in vitro [3 Adsorption-doxorubicin hydrochloride 
on solid tribasic calcium phosphate in uitro 0 Calcium phosphate, tri- 
basic-adsorption of doxorubicin hydrochloride in uitro 


Doxorubicin (I), an anthracycline antibiotic, has dem- 
onstrated antitumor activity against various solid tumors 
(1) as well as certain hematologic malignancies (2). Some 
serious complications encountered in the use of I are re- 
lated to bone marrow depression, cardiac toxicity, sto- 
matitis, and alopecia (3). Perhaps the most significant is 


bone marrow depression, primarily of leukocytes, which 
requires careful monitoring. In patients who have received 
extended I therapy, autopsies have shown that cross sec- 
tions of bone tissue are stained with I (2, 4). Since solid 
bone samples are also stained, the process by which I is 
deposited in these areas is of interest. 


The I molecule contains an anthraquinone moiety. Some 
mono- and dihydroxyanthraquinones are good chelating 
agents for several metal ions (5,6). However, these com- 
pounds only form calcium chelates at pH 10-12, much 
greater than physiological pH. It was originally assumed 
that I would chelate a calcium ion in solution in uiuo and 
be deposited in the outer layers of solid bone. Preliminary 
studies showed that I does not interact appreciably with 
calcium ions in solution at pH < 10 even when calcium ions 
are present in large excess. 


To approximate bone samples, solid tribasic calcium 


1346 /Journal of Pharmaceutical Sciences 








(3) D. P. Rall, T. L. Loo, M. Lane, and M. G. Kelly, J .  Natl. Cancer 


(4) J. F. McLeay, Am. J. Surg., 96,415 (1958). 
(5) J. W. Phillips, E. G. Cobb, V. Richards, W. D. Rhodes, D. C. 


(6) P. S. Vossar, A. M. Saunders, and C. F. A. Culling, Arch. Pathol., 


(7) R. A. Milch, J. E. Tobie, and R. A. Robinson, J.  Histochem. Cy- 


(8) J. Klinger and R. Katz, Gastroenterology, 41,29 (1961). 
(9) I. Fusek, Cesk. Neurol., 26,321 (1963). 


Inst., 19,79 (1957). 


Loehrer, and L. J. Ritchie, ibid., 100,384 (1960). 


69,613 (1960). 


tochem., 9,261 (1961). 


(10) L. H. Riley, Jr., Bull. Johns Hopkins Hosp., 113,291 (1963). 
(11) N. B. Ackerman and A. S. McFee, Surgery, 53,247 (1963). 
(12) A. Cabrera, J. Jurado, S. de la Pava, and J. Pickren, N. Y. State 


(13) L. Sandlow and N. Heinrich, J.  Am. Med. Assoc., 189, 363 


(14) J. E. Ayre, J. M. LeGuerrier, and J. Arsenault, Med. Times, 93, 


(15) P. A. Barton and W. J. Cunliffe, Lancet, 1,1002 (1966). 
(16) B. L. Holman, W. D. Kaplan, and M. K. Dewanjee, Radiology, 


(17) K. Breslow, S. Halpern, F. Schwartz, N. Alazraki, and W. Ash- 


(18) G. L. Locher, Am.  J .  Roentgenol., 36,1(1936). 
(19) A. H. Solaway, in “Progress in Boron Chemistry,” A. L. 


McCloskey and H. Steinberg, Eds., Pergamon, New York, N.Y., 1964, 
pp. 203-234. 


(20) G. L. Brownell, A. H. Soloway, and W. H. Sweet, in “Modern 
Trends in Radiotherapy,” T. J. Deeley and C. A. P. Wood, Eds., Butter- 
worths, London, England, 1967, pp. 132-145. 


(21) M. F. Hawthorne, R. J. Wiersema, and M. Takasugi, J .  Med. 
Chem., 15,449 (1972). 


(22) R. H. Connamacher and H. G. Mandel, Biochem. Biophys. Res. 
Commun., 20,98 (1965). 


(23) J. A. Last, K. Izaki, and J. F. Snell, Biochim. Biophys. Acta, 103, 
532 (1965). 


J .  Med., 64,981 (1964). 


(1964). 


885 (1965). 


112,147 (1974). 


burn, J .  Nucl. Med., 15,987 (1974). 


COiVIM U N I C A  T I  O N S  


(24) J .  A. Last, ibid., 195,506 (1969). 
(25) L. E. Day, J .  Bacteriol., 91,1917 (1966). 
(26) Ibid., 92,197 (1966). 
(27) I. H. Maxwell, Mol. Pharmacol., 4,25 (1968). 
(28) R. H. Connamacher and H. G. Mandel, Biochim. Biophys. Acta, 


(29) W. C. Gillchriest and D. H. Shaw, Oncology, 27,97 (1973). 
(30) J. M. LeGuerrier, J. E. Ayre, and W. C. Gillchriest, ibid., 25,97 


(31) W. J. Gottstein, W. F. Minor, and L. C. Cheney, J .  Am. Chem. 


(32) 0. C. Musgrave and T. 0. Park, Chem. Znd., 1955,1552. 
(33) R. L. Letsinger and I. Skoog, J .  An. Chem. Soc., 77, 2491 


(34) L. M. Allen and C. W. Roscoe, J .  Pharm. Sci., 58,368 (1969). 
(35) M. Schach von Wittenau and R. K. Blackwood, J. Org. Chem., 


166,475 (1968). 


(1971). 


Soc., 81,1198 (1959). 


(1955). 


31,613 (1966). 


Wiley, New York, N.Y., 1964, pp. 209-220. 
(36) L. J. Bellamy, “The Infra-red Spect,ra of Complex Molecules,” 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 10, 1976, from the Dioision of Pharmaceutical 
Sciences, School of Pharmacy, University of the Pacific, Stockton, CA 
95211. 


Accepted for publication December 1,1976. 
Supported in part by a grant from the International Development 


Laboratories, Los Angeles, Calif. 
The authors are indebted to Dr. Alain C. Huitric, University of 


Washington, Seattle, Wash., for assistance with the NMR studies and 
to Dr. Andrew Blair, Harborview Hospital, Seattle, Wash., for the mass 
spectra. The authors also thank Pfizer Co., New York, N.Y., for a generous 
supply of tetracycline. 


* Present address: El Centro Community Hospital, El Centro, CA 
92243. 


f Present address: 11790 Bellagio Rd., Los Angeles, CA 90049. 
* To whom inquiries should be directed. 


Strain-Gauge Wheatstone Bridge Design for 
Automatic Capsule-Filling Machine 


~ 


Keyphrases Capsule-filling machine, automatic-strain gauges, ex- 
planation of activity Instrumentation-automatic capsule-filling 
machine, explanation of activity of strain gauges 


To the  Editor: 
A recent publication (1) described the application of 


strain gauges for determining compaction and ejection 
force in an automated capsule-filling machine. The rede- 
sign of the dosator piston for the installation of strain 
gauges resulted in the sensitive and linear measurement 
of force applied to the dosator piston. However, the design 
in which the strain gauges were applied does not provide 
a pair of passive gauge elements. The two gauge elements 
mounted perpendicular to the piston axis were described 
as temperature-compensating gauges and passive arms in 
the Wheatstone bridge circuit. In fact, these gauge ele- 


ments in that design are active due to the phenomenon 
known as the Poisson effect (2). This effect is described in 
the following example. 


When a material undergoes compression resulting in 
longitudinal compression strain, it also undergoes 
transverse tension strain (lateral strain). The relationship 
between the lateral and longitudinal strain is called the 
Poisson ratio ( p )  and, for a given material, is relatively 
constant within the proportional limits for that materi- 
al: 


lateral strain 
longitudinal strain P =  


The expected sensitivity for this strain-gauge design can 
be calculated as follows. Young’s modulus ( E )  for type 304 
stainless steel, which is used in the instrumented dosator, 
is 1.97 X lo6 kg cm-2 ( 3 ) .  Young’s modulus is expressed 
mathematically as: 


E=’ 
e 


(Eq. 2) 
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where stress (a) and strain ( 6 )  have units of kilograms 
square centimeters and microstrains X 10-6, respectively. 
The cross-sectional area (A) of the dosator, where the 
bonded strain gauges are located, was reported as 0.174 
cm2. Therefore, the expected sensitivity (microstrains per 
kilogram) from longitudinal compression can be calcu- 
lated: 


sensitivity = ( E  X A X 10-6)-1 (Eq. 3) 
This value is 2.92 microstrains/kg. 


Then, to calculate the contribution to the sensitivity 
from lateral strain, the Poisson ratio ( p )  for steel of 0.3 is 
used (3). The value for the lateral sensitivity was calculated 
as 0.88 microstrain/kg. The total sensitivity for this 
instrumented dosator is the sum of the lateral and lon- 
gitudinal components, which is 3.80 micro- 
straindkg. This value compares well with that observed 
(l), 3.96 microstrains/kg. 


The preceding discussion does not invalidate this type 
of strain-gauge application, but it does clarify and explain 
the sensitivity obtained. 


(1) L. E. Small and L. L. Augsburger, J .  Pharm. Sci., 66, 504 
(1977). 


(2) K. Arthur, “Transducer Measurements,” Tektronix Inc., Beav- 
erton, Ore., 1970, pp. 74-77. 


(3) T. Lyman, “Metals Handbook Properties and Selection of Met- 
als,” vol. 1, American Society for Metals, Metals Park, Ohio, 1969, p. 
422. 


John S. Kent 
Mark T. Yost 
Institute of Pharmaceutical Sciences 
Syntex Research 
Palo Alto, CA 94304 


Received May 23,1977. 
Accepted for publication July 8,1977. 


To whom inquiries should be directed. 


Clarification of Nomenclature 


Keyphrases Capsule-filling machine, automatic-strain gauges, ex- 
planation of activity Instrumentation-automatic capsule-filling 
machine, explanation of activity of strain gauges 


To the Editor: 
Kent and Yost (1) commented on the Wheatstone bridge 


design for an automatic capsule-filling machine (2). The 
described position of the gauges on the modified dosator 
piston to measure the force applied to the dosator piston 
and to provide temperature compensation is common in 
experimental stress analysis (3) and pharmaceutical re- 
search (4 ,5) .  


Theoretical stress calculations are not required for ac- 
curate calibration of the instrumented piston. The calcu- 
lations offered by Kent and Yost for the net strain, tnet, at 
the strain-gauge bonding site are well known for this bridge 
application and may be simply expressed as (3): 


tnet = (1 + PICA (Eq. 1) 


where p is the Poisson ratio and t~ is the axial strain as 
calculated from Hooke’s law. 


Kent and Yost agree that this type of calculation does 
not invalidate the design of the Wheatstone bridge in 
question nor the validity of the work presented. The issue 
is the use of the term “passive” to describe the tempera- 
ture-compensating gauges in Fig. 3 of Ref. 2. Other terms 
have been applied to these same gauges (4,6-9). Knoechel 
et al. (4) used the term “dummy” gauges. Arthur (6) stated 
“It sometimes happens that it is convenient to use 
‘dummy’ gages for temperature compensation.” Neubert 
(7) mentioned that the dummy gauges “should be mounted 
in a direction of minimum strain. . . .” 


Perhaps the best term for the temperature-compen- 
sating gauges in the bridge arrangement in question is 
Poisson gauges (9), in recognition of the fact that these 
gauges also contribute to the total sensitivity of the pis- 
ton. 
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Effect of Hemodialysis on 
Cefazolin Protein Binding 


Keyphrases 0 Cefazolin-protein binding, effect of hemodialysis 0 
Protein binding-cefazolin, effect of hemodialysis Binding, protein- 
cefazolin, effect of hemodialysis Hemodialysis-effect on protein 
binding of cefazolin Antibacterials-cefazolin, protein binding, effect 
of hemodialysis 


To the Editor: 
Cefazolin, a semisynthetic derivative of 7-amino- 


cephalosporanic acid, is indicated for use in infections 
caused by various Gram-positive and Gram-negative 
bacteria. Cefazolin is very highly bound to serum proteins; 
over the therapeutic range of 1-200 ,ug/ml, greater than 
80% of the total drug in plasma is in the bound form (1-4). 
In the presence of renal impairment, the fraction bound 
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Fluorescent Probe Study of 
Sulfonamide Binding to Povidone 


C. H. HSIAO, H. J. RHODESt, and M. I. BLAKE" 


Abstract 0 The possibility of using a fluorescent probe technique for 
the study of drug-povidone (I) interactions was investigated. 1-Ani- 
lino-8-naphthalenesulfonate (11) was used as the probe. Sulfanilamide, 
sulfacetamide, and sulfabenzamide were used as the binding competitors. 
Both sulfacetamide and sulfabenzamide decreased the fluorescence in- 
tensity of the 1-11 complex, while sulfanilamide increased the intensity. 
The fluorescence depression was greater with sulfabenzamide than with 
sulfacetamide, indicating that the former is more strongly bound to po- 
vidone. Since sulfabenzamide has a greater hydrophobic group (phenyl) 
than sulfacetamide (methyl), the binding of these sulfonamides to po- 
vidone is probably at least partidy hydrophobic in nature. The enhanced 
fluorescence intensity of the 1-11 complex in the presence of sulfanilamide 
is believed to involve hydrogen bonding in which the sulfanilamide acts 
as an intermediary between I and 11. Double reciprocal plots for the 1-11 
and sulfonamide-I interactions were employed to obtain a binding con- 
stant of 3.2 X lo4 M-l for the 1-11 interaction. The association constants 
for sulfacetamide and sulfabenzamide were calculated by means of the 
Klotz equation to be 13.4 and 56.8 M-l, respectively. The povidone 
molecules appear to have 1.28 binding sites for these compounds under 
the experimental conditions. 


Keyphrases 0 Sulfonamides, various-binding to povidone, fluorescent 
probe study 0 Povidone-binding to various sulfonamides, fluorescent 
probe study Fluorescent probes-study of binding of various sulfon- 
amides to povidone 0 Binding-various sulfonamides to povidone, flu- 
orescent probe study 0 Antibacterials-various sulfonamides, binding 
to povidone, fluorescent probe study 


The interaction of povidone (I) with drugs is of theo- 
retical interest and some practical importance inasmuch 
as it may influence their availability, efficacy, and trans- 
port. The fluorescence probe technique is used widely to 
study the interaction between drugs and macromolecules. 
The concept of a fluorescent probe was first introduced in 
1952 (1). Fluorescent probes are defined (2) as compounds 
whose spectral behavior (such as fluorescence, excitation, 
emission, and quantum yield) is influenced by their 
physical and chemical environment. 


In some cases, the fluorescence properties of both ligand 
molecules and polymers may be changed by interactions 
(3-5). Some fluorescent compounds become quenched 
whereas others are only fluorescent when bound (6). Cer- 
tain dyes, referred to as fluorescent probes, fluoresce 
weakly in aqueous solutions but fluoresce strongly when 
bound to proteins (1) or other polymers (7). They have 
been used for the indirect determination of the protein 
binding parameters of other drugs by competitive binding 
(8-12). The large increase in fluorescence emission and 
hypsochromic shift in the presence of protein has been 
attributed to the binding of the probe at  hydrophobic sites 
(13,14). 


The fluorescent probe 1-anilino-8-naphthalenesulfo- 
nate (11) also fluoresces strongly when bound to I (7). The 
basis of this investigation was to explore the possibility of 
using this fluorescent probe technique to study the inter- 
action of I with the sulfonamide drugs sulfanilamide, sul- 
facetamide, and sulfabenzamide. 


EXPERIMENTAL 


Materials-Povidonel (I), pharmaceutical grade, average molecular 
weight 40,000, was purified by passing its aqueous solution (5%) through 
a mixed-bed ion-exchange resin2, then dialyzed against distilled water 
in dialysis tubing3, and finally lyophilized. The fluorescent probe l-ani- 
lino-8-naphthalenesulfonate (11) was recrystallized twice from distilled 
water. 


Sulfanilamide', ~ulfacetamide~, and ~ulfabenzamide~ were used 
without further purification. Phosphate buffer, pH 7.4, was prepared 
according to a literature method (15). Other chemicals and solvents were 
reagent grade and were used without further purification. 


Apparatus-All fluorescence measurements were made on a spec- 
trophotofluorometel.6. 


Methods-The binding of the probe, 11, to I was determined by mea- 
suring the increase in fluorescence following the titration of the I solution 
with the probe. The fluorescence intensity was measured on the fluo- 
rescence spectrophotometer with excitation at 365 nm and emission at  
480 nm. Solutions of I were prepared in pH 7.4 phosphate buffer. Ali- 
quots, 3 ml of low (2.5 X 
M) concentrations in a I-cm cell, were titrated by successive additions 
of 2 pl of 6 X M 11, delivered from a microsyringe7. Experiments were 
carried out a t  room temperature (21 f 2'). 


Titrations of the low concentration I solution were repeated in the 
presence of 2 X M sulfanilamide, sulfacetamide, and sulfabenza- 
mide, individually. The drugs were added to the solution prior to titration. 
All titrations were run in triplicate. 


M) and high (6.25 X and 12.5 X 


RESULTS AND DISCUSSION 


The fluorometric titration results are shown in Fig. 1. In the absence 
of I, the fluorescence of I1 was not significant (curve a); but when I was 
added, the intensity was greatly enhanced (curves b and c). At  the two 
high I concentrations (6.25 X M), the titration gave 
essentially identical fluorescence intensity (curve c), indicating that all 
I1 added was fully bound under these conditions. At low I concentrations, 
I1 was only partially bound (curve b). 


The fraction of 11 bound (X) is usually determined according to: 


and 12.5 X 


where Fp and Fo are the fluorescence intensities of a given concentration 
of I1 in a solution of low I concentration and in a solution without I, re- 
spectively; and Fb is the fluorescence intensity of the same concentration 
of I1 fully bound to a high concentration of I. Such treatment yields true 
values of X, provided the fluorescence intensity of the bound species, 1-11, 
is a linear function of the concentration. However, the linearity of Fb with 
the concentration of the 1-11 complex can only be realized when the ab- 
sorbance of 1-11 at  the exciting wavelength is low (<0.02) (16). This can 
be seen from the fluorescence-absorbance relationship equation (17): 


where 6 is the quantum yield of the emitting species, l o  is the intensity 
of the exciting radiation, and A is the absorbance. When the absorbance 
is low, the higher power terms in the equation become negligible. When 


1 Sigma Chemical Co., St. Louis, Mo. 
2 Fisher Scientific Co., Pittsburgh, Pa. 
3 Scientific Products Co., McGraw Park, Ill. 
4 K & K Laboratories, Plainview, N.Y. 
5 Matheson, Coleman and Bell, Norwood, Ohio. 
6 Perkin-Elmer fluorescence spectrophotometer model 203, Perkin-Elmer Corp., 


Norwalk, Conn. 
7 Hamilton. 
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Figure 1-Fluorescence titration curves of I with 11 in the absence of 
I (a), a t  high I concentrations (6.25 X and 12.5 X lod4 M) uncor- 
rected and corrected for absorbance effect (c and c'), and a t  low I con- 
centration (2.5 X 10-5 M) alone (b) and in the presence of2 X 1O-'M 
sulfacetamide (d), 2 X 10-2 M sulfabenzamide (e), and 2 X M 
sulfanilamide (f), individually. 


the absorbance is high, the second or even the third term must be con- 
sidered. 


A t  the excitation wavelength, 365 nm, the molar absorptivity for the 
1-11 complex was 5.9 X 103 literdmole (11) cm. Therefore, a t  a I1 con- 
centration greater than 3.4 X M ( A  = 0.02), the deviation from lin- 
earity will be greater than 2%. It is then necessary to take into account 
the second term, (1.63A)2, for the titration with the I concentration. 
Curve c in Fig. 1 was plotted using the observed values of Fb - Fo. After 
the correction to the observed fluorescence intensities was applied, a 
straight-line plot (line c' in Fig. 1) was obtained, verifying that the de- 
viation from linearity of curve c was indeed due to the absorbance ef- 
fect. 


When the titrations are carried out at low I concentration (curve b), 
I1 is only partially bound, and the fluorescence intensity of bound I1 is 
approximately a linear function of its concentration. In other words, the 
absorbance, A,  is so small that the second term in Eq. 2 is negligible. Thus, 
the readings from curve b can be compared directly to the corresponding 
readings on curve c to obtain the fraction of I1 bound using Eq. 1. The 
fluorescence intensity at any point on curve b can be considered as arising 
from the bound ligand concentration giving the same observed intensity 
on curve c. From these values, one can also calculate the fraction of I1 
bound as: 


(Eq. 3)  


where [ I I ] b  is the concentration of 11 corresponding to curve b, and [ I $  
is the concentration of I1 giving the same observed fluorescence intensity 
in curve c. 


Figure 1 shows the titration results of the fluorescence intensity of the 
1-11 complex in the presence of sulfacetamide (curve d) and sulfa- 
benzamide (curve e). Since no change of the pH or the emission maxima 
was observed, the decrease in fluorescence intensity of the 1-11 complex 
could only be attributed to the competition between I1 and the sulfon- 
amides for the binding sites. The difference in fluorescence intensities 
with and without sulfonamides is related to the binding of drug and is 


I I I I 


1.0 2.0 3.0 4.0 
(I /FREE 1 1 )  x 10-5 


Figure 2-Double reciprocal plot of the binding of 11 alone (a )  or in the 
presence of2 X M sulfacetamide (6) or sulfabenzamide (c) to 0.1 % 
I in pH 7.4 phosphate buffer at room temperature. 


used to calculate the binding constant for the sulfonamide-I complex. 
The fluorescence depression was greater with sulfabenzamide than 


with sulfacetamide, indicating that the former was more strongly bound 
to I. Since sulfabenzamide has a greater hydrophobic group (phenyl) than 
sulfacetamide (methyl), the binding of sulfonamides to I is probably a t  
least partially hydrophobic in nature. 


In contrast, the fluorescence intensity of the 1-11 complex was enhanced 
in the presence of sulfanilamide (curve f, Fig. 1). One possible explanation 
for this unexpected phenomenon is that sulfanilamide enhances the 1-11 
binding through some mechanism since I-sulfanilamide or 11-sulfanil- 
amide did not show any significant amount of fluorescence at the wave- 
length employed. Dollery et al. (18) observed that chlorothiazide could 
increase fourfold the binding of the ganglionic blocking agent pempidine 
(1,2,2,6,6-pentamethylpiperidine) to albumin. It seems likely that the 
anionic chlorothiazide acts as an intermediary between the albumin and 
the cationic pempidine. Similarly, sulfanilamide may act, through hy- 
drogen bonding, as an intermediary between I and 11. 


The binding parameters of the 1-11 interaction can be obtained by a 
double reciprocal plot constructed according to: 


(Eq. 4) 


where r is the average number of moles of I1 bound per mole of I = X 
([II]/[I]), N is the number of binding sites, K is the binding association 
constant, and A is the concentration of free I1 = (1 - X)[II]. 


Figure 2 shows the results of the double reciprocal plot for the 1-11 
interaction (curve a) and for sulfonamides-I interactions (curves b and 
c). The straight line with a common ordinate intercept indicates the 
competitive nature of the binding interaction (13). Based on the graphs, 
the binding constant for the 1-11 interaction was 3.2 X lo4 M-'. 


The association constants for sulfacetamide and sulfabenzamide can 
be calculated according to the Klotz equation (19): 


) K[AJ (Eq. 5) N [PolKA - K [ A ]  [PA]  - [PA]  
K b  = ( C K [ A ]  - [Po]K[A]  + K [ A ] [ P A ]  + [PA]  [PA]  


where Kb is the association constant for the competitor, K is the associ- 
ation constant for the probe, A is the concentration of free probe, PA is 
the concentration of bound probe, N is the number of binding sites, PO 
is the total polymer concentration, and C is the total competitor con- 
centration. By means of this equation, t.he association constants for sul- 
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facetamide and sulfabenzamide were estimated to be 13.4 and 56.8 M-1, 
respectively. The I molecules appear to have 1.28 binding sites for these 
compounds under the described conditions. 


In conclusion, the fluorescent probe technique can provide a simple, 
sensitive, and rapid determination of the extent and nature of binding 
between sulfonamides and I. The technique, however, may not be ap- 
plicable for some drugs such as sulfanilamide. 
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Rate and Proposed Mechanism of 
Anhydrotetracycline Epimerization in Acid Solution 


T. D. SOKOLOSKI x, L. A. MITSCHER *, 
P. H. YUEN, J. V. JUVARKAR, and B. HOENER* 


~ _ _ _ _ _ ~  ~ 


Abstract The pathway through which the toxic tetracycline degra- 
dation product epianhydrotetracycline forms in solution was studied 
using high-performance liquid chromatography and circular dichroism, 
taking advantage of the large difference in ellipticity between the reactant 
and the product a t  285 nm. The epimerization of anhydrotetracycline 
followed a reversible first-order process, and both analytical methods 
yielded the same rate constants. The rate constants indicate that anhy- 
drotetracycline epimerization is faster than tetracycline epimerization. 
The equilibrium favored anhydrotetracycline, and the activation energies 
for the forward and reverse rates were almost the same as those for tet- 
racycline epimerization. The epimerization was catalyzed by phosphate. 
Activation energies in 0.1 and 1 M phosphate were essentially the same. 
The equilibrium constants for both anhydrotetracycline and tetracycline 
favored the natural configuration rather than the epi series. Possible 
rationalization based on conformational and hydrogen bonding effects 
is presented. 


Keyphrases Anhydrotetracycline-epimerization, kinetics and 
mechanism in acid solution, high-performance liquid chromatographic 
and circular dichroism study C] Tetracycline degradation-kinetics and 
mechanism of anhydrotetracycline epimerization in acid solution, 
high-performance liquid chromatographic and circular dichroism study 


Epimerization-anhydrotetracycline in acid solution, kinetics and 
mechanism, high-performance liquid chromatographic and circular di- 
chroism study 0 High-performance liquid chromatography-study of 
epimerization of anhydrotetracycline in acid solution 0 Circular di- 
chroism-study of epimerization of anhydrotetracycline in acid solution 


Antibacterials-tetracycline degradation, epimerization of anhydro- 
tetracycline in acid solution 


Among the degradative pathways of the tetracyclines, 
those leading to the toxic epianhydrotetracycline by epi- 
merization and dehydration are of special concern. For- 


mation of epianhydrotetracycline (I) from tetracycline (IV) 
occurs along two routes (Scheme I). Epimerization of tet- 
racycline occurs via a reversible first-order process be- 
tween pH 3 and 5 (1-4). Dehydration of tetracycline to 
anhydrotetracycline (11) and of epitetracycline (111) to 
epianhydrotetracycline occurs via a pseudolfirst-order 
process at low pH (5-7). 


The epimerization of anhydrotetracycline is the only 
reaction of Scheme I whose kinetics have not yet been re- 
ported, probably because of a lack of a suitable method of 


Iv 
1 


I11 


1 
W O H  N(CH3)2 ~ CH3 H, N(CH3), 


H” ,O H’ ,.OH1 
CONH2 CONH, 


OH OH 0 0 bH OH 0 0 
11 I 


Scheme I 
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Interaction of Hydrocortisone with Model Membranes Containing 
Phospholipid and Cholesterol 


GARY W. CLEARY * and JOEL L. ZATZ 


Abstract Pure and mixed monolayers of lecithin and cholesterol were 
spread on substrates of dissolved hydrocortisone at 25 and 37'. The 
presence of hydrocortisone increased the surface pressure of dipalmitoyl 
and egg lecithin films that were in head contact. The increase in surface 
pressure was dependent on steroid concentration. There were no signif- 
icant interactions with coherent cholesterol monolayers. Penetration of 
hydrocortisone was decreased by the addition of cholesterol to the mo- 
nolayer system. These model membrane systems indicate that hydro- 
cortisone interacts with the hydrated polar head group of the phospho- 
lipid and not with films whose molecules are in hydrocarbon tail con- 
tact. 


Keyphrases Hydrocortisone-interaction with pure and mixed mo- 
nolayers of lecithin and cholesterol o Monolayers-lecithin and cho- 
lesterol, pure and mixed, interaction with hydrocortisone 0 Lecithin- 
monolayers, pure and mixed with cholesterol, interaction with hydro- 
cortisone Cholesterol-monolayers, pure and mixed with lecithin, 
interaction with hydrocortisone Membranes, model-pure and mixed 
monolayers of lecithin and cholesterol, interaction with hydrocorti- 
sone 


Several literature reports have drawn attention to the 
possibility that the biological activity of certain steroids 
is due to an interaction with biological membranes (1-5). 
In a review of steroids and cell surfaces, Willmer (1) pro- 
posed a mechanism of steroid activity based on the pene- 
tration of steroid molecules between the hydrocarbon tails 
of membrane phospholipids. Erythrocytes were more re- 
sistant to lysis in hypotonic solution when steroids were 
present in low concentration (2). In high concentration, the 
steroids themselves caused lysis or precipitation. Another 
study (3) showed that the corticosteroids tended to sta- 
bilize lysosomes at  pharmacological concentration 
( 10-4-10-6 M) but to lyse them at  higher concentrations. 
Cortisone and hydrocortisone exerted a protective effect 


on the membranes of erythrocytes (4) and rat liver cells 
(5). 


BACKGROUND 


One approach to an understanding of steroid-membrane interactions 
is through model membrane systems. Monomolecular films provide an 
organized interfacial structure believed to be similar to that found in 
biological membranes. Studies of drug penetration into monolayers 
containing components of natural membranes have been useful in ex- 
plaining the mode of action of many drugs (6, 7). 


Current concepts of cellular membranes suggest the existence of a fluid 
mosaic structure of globular proteins embedded in, and partially pro- 
truding from, an organized but discontinuous lipid layer (8). The site of 
attachment for membrane-active steroids might be protein or lipid. But 
membrane proteins have not been well characterized. Because of the 
availability of pure lipid substances known to be components of biological 
membranes and in view of Willmer's hypothesis (I), it was decided to use 
monolayers containing lecithins and cholesterol as membrane models. 


Few studies on the effect of steroids on monolayers have been reported. 
Progesterone penetrated monolayers of cholesterol and dipalmitoyl 
lecithin to some extent (9). Cortisone had little effect on monolayers of 
stearic acid or cholesterol (lo), and the properties of stearyl alcohol 
monolayers were not affected by the presence of dissolved steroids 
(11). 


Progesterone, testosterone, etiocholanolone, and androsterone had 
little effect on the surface pressure of lipid monolayers in the condensed 
state (12), but the surface potential of every monolayer was lowered by 
the same amount in the presence of a given steroid regardless of the na- 
ture of the polar group. This finding was attributed to alteration of the 
structure of water beneath the monolayers by the steroids. Similar 
changes in surface potential were caused by hydrocortisone in the pres- 
ence of lecithin and cholesterol monolayers (13). However, the observed 
changes were an artifact of the experimental procedure and not a result 
of changes in water structure. 


This report describes the effect of hydrocortisone (I) on model mem- 
branes composed of monolayers containing dipalmitoyl(I1) and egg (111) 
lecithins and cholesterol (IV). The molecular weights (in daltons) used 
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Figure 1-The n-A curves of dipalmitoyl lecithin monolayers on a 
subphase containing dissolued hydrocortisone at  25'. Key: 0, no hy- 
drocortisone; ~ 2 . 9 8  X loA5 M hydrocortisone; 0,8.20 X l W 5  M hy- 
drocortisone; A, 13.7 X M hydrocortisone; and 0,19.7 X M 
hydrocortisone. 


in the calculation of surface area per molecule of the monolayer-forming 
substances were: I, 362; 11,752; 111,790; and IV, 387. 


EXPERIMENTAL 


Hydrocortisone' was used as received. Its identity and purity were 
checked by melting point, optical rotation, paper chromatography, TLC, 
and IR spectroscopy. Cholesterol2, dipalmitoyl lecithin2, and egg lecithin3 
were reported as 99% pure by the suppliers. Organic solvents, spectro- 
grade, were free of surface-active impurities (14). Sodium chloride was 
reagent grade. Water was double distilled with the final distillation in 
an all-glass still. 


Surface pressure, n, measurements were made by the Wilhelmy plate 
method using a thin platinum plate suspended from a torsion balance4 
(15). The polytef5 surface balance was similar to one described previously 
(16). 


The hydrocortisone was dissolved in the subphase consisting of 0.9% 
sodium chloride solution prior to spreading the monolayer. Hexane was 
the spreading solvent for cholesterol. The lecithins and all mixed lipid 
systems were spread from solution in hexane-ethanol (41). The lipid 
solutions were spread on the subphase with a micrometer syringe6. 
Subphase temperature was controlled to within 0.lo with a thermostat'. 
The reproducibility of each n reading in replicate experiments at the 95% 
confidence interval was f0.5 mN m-I at all areas. 


Merck Sharp and Dohme Research Laboratories, West Point, Pa. 


Rosano surface tensiometer, Newark, N.J. 


Agla, Burroughs-Wellcome, Sheffield, England. 
Lauda K-Z/R circulator, Westbury, N.Y. 


* Schwarzhfann, New York, N.Y. 
3 Sylvana Co., Milburn, N.J. 


6 Teflon (du Pont). 
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Figure 2-The *-A curves of dipalmitoyl lecithin monolayers spread 
on a subphase containing dissolved hydrocortisone at 37’. Key: 0,  no 
hydrocortisone; 0, 2.98 X M hydrocortisone; 0 , 8 2 0  X M 
hydrocortisone; A, 13.7 X I F 5  M hydrocortis0ne;and 0,‘19.7 X 
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Figure 3-The ir-A curves of egg lecithin monolayers o n  a subphase 
containing dissolved hydrocortisone at 25O. Key: 0 ,  no hydrocortisone; 
0,298 X M hydrocortisone; 0,8.20 X M hydrocortisone; A, 
13.7 X lO-5M hydroc0rtisone;and 0,19.7 X low5 M hydrocortisone. 
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Figure 4-The PA curves of cholesterol monolayers on a subphase 
containing dissolved hydrocortisone at 2 5 O .  Key: 0,  no hydrocortisone; 
0,2.98 X M hydrocortisone; 0,8.20 X M hydrocortisone; A, 
13.7 X M hydrocortisone; and 0, 19.7 X lO-5M hydrocortisone. 


RESULTS AND DISCUSSION 


Single-Component Monolayers-The properties of dipalmitoyl 
lecithin monolayers were described previously (17). Surface pressure- 
surface area (*-A) curves for dipalmitoyl lecithin monolayers on a sub- 
phase containing dissolved hydrocortisone at 25’ are shown in Fig. 1. The 
surface pressure of the monolayer was increased in the presence of hy- 
drocortisone if the area per molecule of dipalmitoyl lecithin was greater 
than about 0.5 nm2. Under these conditions, the lecithin molecules had 
their hydrated polar groups in close contact while the hydrocarbon “tails” 
were not tightly packed (17). 


The increase in surface pressure that occurred when hydrocortisone 
was in the subphase was indicative of surface penetration by hydrocor- 
tisone molecules. The magnitude of the change in surface pressure was 
a function of hydrocortisone concentration. As the monolayers were 
compressed to surface areas smaller than 0.50 nmZ/molecule of dipal- 
mitoyl lecithin, the r-A curves for the systems containing hydrocortisone 
approached the curve obtained in the absence of the steroid. This finding 
was interpreted as an expulsion of steroid molecules from the monolayers. 
The removal of hydrocortisone from the surface coincided with a change 
in monolayer structure in which the lecithin polar groups underwent a 
change in hydration and the vertically oriented hydrocarbon tails became 
closely associated (17). The presence of hydrocortisone did not prevent 
this transition or alter the surface area at which it took place. 


At  a subphase temperature of 3 7 O ,  the transition from an arrangement 
involving head contact to one of tail contact in dipalmitoyl lecithin mo- 
nolayers (Fig. 2) took place at  a much higher surface pressure than at 25’ 
(17). Penetration of the monolayers by hydrocortisone was, again, a 
function of subphase concentration of the steroid. As the monolayers were 
compressed to smaller values of surface area available to the lecithin, the 
r -A curves obtained with hydrocortisone present (Fig. 2) were shifted 
closer to the curve for lecithin alone, suggesting that hydrocortisone 
molecules were being forced from the surface in response to the change 
to a state of tail contact in the monolayer. 
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Figure 5-The r - A  curves of cholesterol monolayers spread on a sub- 
phase containing dissolved hydrocortisone a t  37’. Key: ., no hydro- 
cortisone; 0,2.98 X M hydrocortisone; 0,8.20 X M hydro- 
cortisone; A, 13.7 X loT5 M hydrocortisone; and 0,19.7 X M hy- 
drocortisone. 


Egg lecithin contains a mixture of phosphatidyl cholines. Approxi- 
mately 53% of the fatty tails are unsaturated (18). The r - A  curve (Fig. 
3) was of the expanded type, and compression of the monolayer did not 
force the hydrocarbon groups together until near the collapse point (19). 
As with dipalmitoyl lecithin, the extent of monolayer penetration by 
hydrocortisone depended on subphase concentration. Compression 
caused the r -A curves for the systems containing steroid to approach 
the curve for egg lecithin alone, and all curves merged just before the 
collapse pressure was reached. 


Figure 4 demonstrates the effect of hydrocortisone on cholesterol 
monolayers a t  2 5 O .  At the lower concentrations, hydrocortisone caused 
little change in the T-A curve; but a t  a subphase concentration of 19.7 
x M hydrocortisone, the surface pressure of the cholesterol mono- 
layer increased significantly. However, this effect may have been due to 
physical entrapment of hydrocortisone molecules during compression 
of the cholesterol surface films. Surface potential work showed that some 
adsorption of hydrocortisone takes place a t  the air-water interface (13). 
If desorption were slow relative to compression, some hydrocortisone 
might remain a t  the surface even in the absence of an appreciable inter- 
action with the monolayer. The cholesterol monolayers were unstable 
in the sense that when the surface area per cholesterol molecule was held 
constant, surface pressure readings dropped with time. In contrast, the 
surface pressure measurements made on the lecithin monolayers re- 
mained stable for a t  least 20 min whether or not hydrocortisone was 
present. 


A t  a subphase temperature of 37O, hydrocortisone caused a small in- 
crease in surface pressure when the area per cholesterol molecule ex- 
ceeded 0.40 nm2 (Fig. 5). The condensed portion of the H-A curve was 
unaffected, indicating that hydrocortisone was not retained in the mo- 
nolayer. These results are in agreement with the report of Gershfeld and 
Heftmann (10). When the molecular area of cholesterol is greater than 
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Figure 6-The r - A  curues of monolayers of dipalmitoyl lecithin and 
cholesterol in a 1:2 molar ratio on a subphase containing dissolued hy- 
drocortisone a t  25O. Key: 0 ,  no hydrocortisone; and 0,19.7 X l o T 5  M 
hydrocortisone. 


0.40 nm2, the cholesterol molecules exist as individual units or clusters, 
leaving some aqueous surface available for adsorption of hydrocortisone. 
Compression forces the cholesterol molecules together (the monolayer 
becomes coherent) and causes desorption of hydrocortisone. 


The incorporation of hydrocortisone into monolayers can he thought 
of as a distribution phenomenon in which the surface concentration de- 
pends on the characteristics of the surface film as well as the bulk con- 
centration of steroid. With a monolayer in a condensed state (with close 
packed vertical hydrophobic groups), hydrocortisone cannot penetrate 
between the fatty tails. Hydrophobic interactions between hydrocortisone 
and the film molecules cannot compete successfully with the interactions 
between film molecules. 


In earlier work on monolayers in which no penetration by steroids was 
observed (10, l l ) ,  the surface films studied were condensed. With ex- 
panded monolayers, hydrocortisone can enter the surface under two sets 
of conditions. First, adsorption occurs at  monolayer-free aqueous in- 
terfaces so it should also take place when monolayer molecules are widely 
separated at  the surface. Such simple adsorption does not require any 
interaction with film molecules but can occur only when the monolayer 
is gaseous, i.e., at  surface areas where the monolayer without hydrocor- 
tisone is less than 1-2 mN m-l, This mechanism appears to be operative 
in cholesterol monolayers. 


The second condition involves penetration of a monolayer in which 
the film molecules are in contact without tight packing of hydrocarbon 
tails. The effective molecular area of film molecules is determined by the 
size of the hydrated polar group. With this arrangement, steroid mole- 
cules might displace water of hydration and associate with film molecules. 
This mechanism appears to  be operative in the penetration of lecithin 
monolayers by hydrocortisone. 


Mixed Monolayers-Cholesterol causes changes in the molecular 
organization of dipalmitoyl lecithin monolayers (17). Since the pene- 
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Figure 7-The *-A curves of monolayers of dipalmitoyl lecithin and 
cholesterol in a 2:1 molar ratio on a subphase containing dissolved hy- 
drocortisone at 25". Key: 0, no hydrocortisone; and 0 ,19 .7  X f O - 5  M 
hydrocortisone. 


tration of monolayers by hydrocortisone depends on the monolayer state, 
i t  was of interest to see whether the inclusion of cholesterol in surface 
films of lecithin influences interactions of the model system with hy- 
drocortisone. Accordingly, some experiments were conducted in which 
mixed dipalmitoyl lecithin-cholesterol monolayers were spread on sub- 
phases containing hydrocortisone (Figs. 6-9). Only one subphase con- 
centration was used with the dipalmitoyl lecithin-cholesterol mixed 
monolayer in a 1:2 molar ratio (Fig. 6). The n-A curve obtained with 
hydrocortisone present was the same as the one produced when the mo- 
nolayer contained only cholesterol. The influence of the lecithin seemed 
to be completely swamped. 


A single subphase concentration of hydrocortisone was used with the 
dipalmitoyl lecithin-cholesterol mixed monolayer in a 2: 1 molar ratio 
(Fig. 7). The change in surface pressure due to hydrocortisone was smaller 
than with a monolayer of pure dipalmitoyl lecithin. The equimolar mixed 
systems a t  25' (Fig. 8) and 3 7 O  (Fig. 9) were similar in structure (17). A t  
25' (Fig. a), hydrocortisone increased the surface pressure only at  mean 
molecular areas corresponding to a gaseous monolayer, one in which the 
film molecules are separated from one another. In a coherent system, such 
as a membrane, no space would be available to steroid molecules. At 37" 
(Fig. 9), the situation was quite similar, although there was a small region 
of head contact in the n-A curves. All curves met at  about 15 mN 
m-1. 


Comparison of these results for mixed monolayers with the experi- 
ments on single-component lecithin monolayers shows that monolayer 
penetration by hydrocortisone was diminished effectively in the presence 
of cholesterol. Previously (20), the addition of cholesterol to lipid dis- 
persions decreased the uptake of hydrocortisone and other steroids by 
the membranes. 
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Figure 8-The n-A curves of monolayers of dipalmitoyl lecithin and 
cholesterol in a f:l molar ratio on a subphase containing dissolved hy-  
drocortisone at 25'. Key: 0, no hydrocortisone; 0,2.98 X M hy- 
drocortisone; 0,820 X M hydrocortisone; A, 13.7 X M hy- 
drocortisone; and O , f 9 . 7  X M hydrocortisone. 


Application of the heads-or-tails model (17,19) provides an explanation 
for the effect of cholesterol. In mixed monolayers containing cholesterol 
and dipalmitoyl lecithin, cholesterol molecules change the packing in the 
monolayer under conditions where the cholesterol molecules become 
interspersed among the hydrocarbon tails of the dipalmitoyl lecithin 
molecules. The molecular assembly is more compact, and the molecular 
area is determined by the cross-sectional area of the hydrocarbon por- 
tion. 


The extent of this change in packing depends on the cholesterol con- 
tent. When cholesterol is the principal component of the mixed systems, 
all molecules are in tail contact. In the 1:1 mixed system, all molecules 
are in tail contact over most of the surface pressure range. When dipal- 
mitoyl lecithin is the principal component, some lecithin molecules are 
in tail contact while a portion are in the same state as they would be in 
a monolayer of pure dipalmitoyl lecithin a t  the same surface pressure. 
Conversion of lecithin molecules from a head contact situation to one of 
tail contact blocks possible sites of hydrocortisone penetration, making 
it more difficult for hydrocortisone to enter the monolayer. 


Extrapolation to  Biological Membranes-Although extrapolation 
from a simple model system to a complex biological system is always 
hazardous, some general statements seem justified. The ability of hy- 
drocortisone to penetrate lecithin monolayers a t  37" that are coherent 
(but in head contact) suggests that hydrocortisone can associate with 
lecithin molecules in biological membranes. The uptake by membranes 
is expected to be dependent on the bulk concentration. Cholesterol mo- 
nolayers must be in the gaseous state to interact with hydrocortisone. This 
is not likely in membranes. In mixed monolayers, cholesterol reduces 
monolayer penetration by hydrocortisone. Membranes containing cho- 
lesterol should admit fewer hydrocortisone molecules into the plane of 
the membrane than those that are free of cholesterol. 


Orientation of Hydrocortisone in Penetrated Monolayers-The 
inability of hydrocortisone to be accommodated between hydrocarbon 
chains in lecithin monolayers whose molecules are in a state of tail contact 
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Figure 9-The PA curves of monolayers of dipalmitoyl lecithin and 
cholesterol in a 1:1 molar ratio on a subphase containing dissolved hy- 
drocortisone at 37’. Key: 0,  no hydrocortisone; 0,2.98 X 10-5 M hy- 
drocortisone; 0,8.20 X M hydrocortisone; A, 13.7 X 10-5 M hy- 
drocortisone; and 0, 19.7 X 


is in marked contrast to the behavior of cholesterol, which is completely 
miscible (17). The difference is most likely due to the location of polar 
groups on the hydrocortisone molecule. Cholesterol has a single polar 
group at one end of the molecule, allowing orientation at  the interface 
so that the polar group is in contact with water while the hydrophobic 
portion of the molecule protrudes from the surface. Hydrocortisone has 
polar groups at  both ends of the molecule, thus favoring a horizontal 


M hydrocortisone. 


orientation so that all polar groups can remain hydrated. Support for this 
orientation comes from spin label studies showing that corticosteroids 
do not orient in the hydrocarbon tail region of lipid bilayers (21). Will- 
mer’s theory of steroid hormone activity (1) was based on the notion that 
steroid molecules would be retained between the phospholipid fatty 
chains so that the long axis of the steroid molecule would be normal to 
the surface. The results of this study, therefore, contradict Willmer’s 
hypothesis. 
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were 11 70 and 1200 nglml, respectively. 


the vascular volume. Plasma etomidate concentrations in these patients 
a t  6 hr after the injection were still well above the limits of assay sensi- 
tivity. Therefore, etomidate is detectable in plasma for several hours 
longer than previously indicated (7). 


The semilogarithmic plot of these plasma level data (Fig. 3) indicates 
that there are a t  least three phases in the plasma disappearance of 


etomidate. This assay provides the sensitivity necessary to measure 
terminal phase plasma concentrations important in drug kinetic studies 
(12). A pharmacokinetic study involving a larger number of patients is 
currently in progress. 
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In Vitro Adsorption of Doxorubicin Hydrochloride on 
Insoluble Calcium Phosphate 


ROY J. STURGEON, CYNTHIA FLANAGAN * 
DATTA V. NAIKt., and STEPHEN G. SCHULMANX 


Abstract o The adsorption of doxorubicin hydrochloride, a potent an- 
titumor agent, on solid tribasic calcium phosphate was studied in vitro. 
A Langmuir adsorption isotherm at pH 7.4 and the maximum adsorption 
capacity of tribasic calcium phosphate were established. Tribasic calcium 
phosphate was chosen as a model for solid bone samples, which are 
stained with doxorubicin in patients who have received long-term dox- 
orubicin therapy. 


Keyphrases 0 Doxorubicin hydrochloride-adsorption on solid tribasic 
calcium phosphate in vitro [3 Adsorption-doxorubicin hydrochloride 
on solid tribasic calcium phosphate in uitro 0 Calcium phosphate, tri- 
basic-adsorption of doxorubicin hydrochloride in uitro 


Doxorubicin (I), an anthracycline antibiotic, has dem- 
onstrated antitumor activity against various solid tumors 
(1) as well as certain hematologic malignancies (2). Some 
serious complications encountered in the use of I are re- 
lated to bone marrow depression, cardiac toxicity, sto- 
matitis, and alopecia (3). Perhaps the most significant is 


bone marrow depression, primarily of leukocytes, which 
requires careful monitoring. In patients who have received 
extended I therapy, autopsies have shown that cross sec- 
tions of bone tissue are stained with I (2, 4). Since solid 
bone samples are also stained, the process by which I is 
deposited in these areas is of interest. 


The I molecule contains an anthraquinone moiety. Some 
mono- and dihydroxyanthraquinones are good chelating 
agents for several metal ions (5,6). However, these com- 
pounds only form calcium chelates at pH 10-12, much 
greater than physiological pH. It was originally assumed 
that I would chelate a calcium ion in solution in uiuo and 
be deposited in the outer layers of solid bone. Preliminary 
studies showed that I does not interact appreciably with 
calcium ions in solution at pH < 10 even when calcium ions 
are present in large excess. 


To approximate bone samples, solid tribasic calcium 
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phosphate was added to solutions of varying concentra- 
tions of I buffered at pH 7.4. A substantial fraction of I was 
removed from solution. Compound I has a tendency to 
self-aggregate a t  concentrations greater than about 5 X 


M; therefore, an adsorption isotherm (7) was estab- 
lished for only a very limited concentration range where 
only the monomer prevails. Comparisons of solutions of 
varying concentration and with varying amounts of ad- 
sorbent added are used to show that I can be deposited on 
bone by an adsorption mechanism. 


EXPERIMENTAL 


The pH measurements were made on a pH meter’ employing a com- 
bination silver-silver chloride glass electrode2. Electronic absorption 
spectra were taken in 1-cm silica cells on a grating-type spectropho- 
tometer’. Fluorescence measurements were taken on a fluorescence 
~pectrophotometer~ whose monochromators were calibrated against the 
line emission spectrum of xenon. 


Doxorubicin hydrochloride5 was used without further purification. 
Tribasic calcium phosphate6 was triturated in a mortar until a relatively 
uniform particle size was obtained and then dried in an oven overnight. 
Phosphate buffers a t  pH 7.4 with a total buffer concentration of 0.05 M 
and the ionic strength adjusted to 0.16 with sodium chloride were 
used. 


Bicarbonate buffers and sodium hydroxide solutions were used in 
studying the binding of calcium ions to I in the pH 7-12 range. Aliquots, 
25 ml, of 1.00 X 10-l M calcium perchlorate were added to 25 ml of 1.00 
X M I a t  varying pH’s. The absorption and fluorescence spectra of 
these solutions were compared with those to which no calcium ions were 
added. 


Accurately weighed amounts of tribasic calcium phosphate, 10-170 
mg, were transferred to 25-ml test tubes with screw caps. After 25 ml of 
1.00 X M I was added to each test tube, the calcium phosphate 
suspensions were continuously mixed for 4 hr in a constant-temperature 
shaker at  37’. The suspensions were then centrifuged rapidly, and the 
clear supernate was assayed fluorometrically at  556 nm. Appropriate 
control solutions also were run and assayed to ensure control over ex- 
perimental conditions. 


The amount of I adsorbed on the calcium phosphate was determined 
on the basis of a previously established standard curve. The values used 
to construct the Langmuir isotherm were each the average of three sep- 
arate measurements, and the standard deviation was no larger than f0.05 
unit in any set of measurements. 


The solids from the centrifuged samples were collected by filtration 
and dried overnight. These solids were then reshaken in the phosphate 
buffer solutions, heated to 60°, and placed in an ultrasonic cleaning device 
for 5 min to desorb I partially. The absorption and fluorescence spectra 
of each solution after centrifugation were taken to ensure that I had not 
undergone any chemical reaction. 


RESULTS AND DISCUSSION 


Figure 1 illustrates the Langmuir adsorption isotherm for the uptake 
of I by tribasic calcium phosphate suspended in solution a t  pH 7.4. The 
reciprocal of the slope of the line gives the maximum binding capacity 
of tribasic calcium phosphate a t  pH 7.4. The wavelength absorption 
maxima of I at  pH 7.0, 11.5, and 11.5 with 5.0 X M Ca2+ were 495 
(log c = 3,971,554 (3.76), and 556 (3.69) nm. For l,&dihydroxyanthra- 
quinone, the wavelength absorption maxima a t  pH 7.0,11.5, and 7.0 with 
5.0 X M Ca2+ were 415 (log c = 3.74), 494 (3.91), and 500 (3.97) 
nm. 


Since the absorption and fluorescence spectra of the monocation of 
I at  pH 7 should show a dramatic red shift upon chelation of a metal ion 
such as Ca2+, the lack of any perturbation of the spectra is indicative of 
no interaction. At physiological pH, the absorption and fluorescence 
spectra of I showed no changes in the presence of excess calcium ions. A t  
pH 11.5 (where I is in the singly charged anionic form) in the presence 
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Figure 1-Langmuir isotherm for the adsorption of I on tribasic calcium 
phosphate a t  pH 7.4; C is the equilibrium concentration in milligrams 
of doxorubicin per 100 ml of solution and Xlm is the amount in milli- 
grams of doxorubicin as the hydrochloride adsorbed per gram of calcium 
phosphate. 


of excess calcium ions, the absorption spectrum of I was slightly red 
shifted (1-2 nm) and showed a slight hypsochromic effect indicating that 
chelation took place a t  high pH. The hydroxyanthraquinones showed 
substantial shifts of their longest wavelength absorption bands upon 
binding to a metal ion. For example, the longest wavelength absorption 
band of l&dihydroxyanthraquinone a t  pH 7.0 shifted from 410 to 500 
nm upon the addition of excess calcium ions. 


The data indicate that the singly charged cation of I is adsorbed on the 
surface of the tribasic calcium phosphate. The ionic and lipophilic 
moieties of this drug probably promote drug adsorption through hy- 
drophobic and electrostatic interactions with the surface of the calcium 
phosphate. The surface of the calcium phosphate crystal differs from the 
interior, and i t  is possible that the triply charged phosphates a t  the sur- 
face can contribute to the electrostatic part of the adsorption process. 
However, steric limitations on the chelation of calcium by I at the surface 
are imposed by the orbital structure of calcium. The forces of adsorption, 
whether they are electrostatic or hydrophobic, are certainly much weaker 
than the forces normally involved in coordinate-covalent bonding. The 
substantial dislodgement of I by gentle heating and sonication support 
these statements. 


Under the given experimental conditions, the maximum adsorption 
capacity of calcium phosphate was estimated at  1.60 mg of I/g of calcium 
phosphate in suspension at  pH 7.4. That the deposition of I on calcium 
phosphate is a physical adsorption process is further supported by the 
desorption of I from the tribasic calcium phosphate, which shows that 
no chemical alteration of I occurred. These results strongly suggest that 
the adsorption of I on solid bone does occur in uiuo, resulting in the 
staining of bone samples upon extended treatment with this drug. 
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where stress (a) and strain ( 6 )  have units of kilograms 
square centimeters and microstrains X 10-6, respectively. 
The cross-sectional area (A) of the dosator, where the 
bonded strain gauges are located, was reported as 0.174 
cm2. Therefore, the expected sensitivity (microstrains per 
kilogram) from longitudinal compression can be calcu- 
lated: 


sensitivity = ( E  X A X 10-6)-1 (Eq. 3) 
This value is 2.92 microstrains/kg. 


Then, to calculate the contribution to the sensitivity 
from lateral strain, the Poisson ratio ( p )  for steel of 0.3 is 
used (3). The value for the lateral sensitivity was calculated 
as 0.88 microstrain/kg. The total sensitivity for this 
instrumented dosator is the sum of the lateral and lon- 
gitudinal components, which is 3.80 micro- 
straindkg. This value compares well with that observed 
(l), 3.96 microstrains/kg. 


The preceding discussion does not invalidate this type 
of strain-gauge application, but it does clarify and explain 
the sensitivity obtained. 
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Clarification of Nomenclature 


Keyphrases Capsule-filling machine, automatic-strain gauges, ex- 
planation of activity Instrumentation-automatic capsule-filling 
machine, explanation of activity of strain gauges 


To the Editor: 
Kent and Yost (1) commented on the Wheatstone bridge 


design for an automatic capsule-filling machine (2). The 
described position of the gauges on the modified dosator 
piston to measure the force applied to the dosator piston 
and to provide temperature compensation is common in 
experimental stress analysis (3) and pharmaceutical re- 
search (4 ,5) .  


Theoretical stress calculations are not required for ac- 
curate calibration of the instrumented piston. The calcu- 
lations offered by Kent and Yost for the net strain, tnet, at 
the strain-gauge bonding site are well known for this bridge 
application and may be simply expressed as (3): 


tnet = (1 + PICA (Eq. 1) 


where p is the Poisson ratio and t~ is the axial strain as 
calculated from Hooke’s law. 


Kent and Yost agree that this type of calculation does 
not invalidate the design of the Wheatstone bridge in 
question nor the validity of the work presented. The issue 
is the use of the term “passive” to describe the tempera- 
ture-compensating gauges in Fig. 3 of Ref. 2. Other terms 
have been applied to these same gauges (4,6-9). Knoechel 
et al. (4) used the term “dummy” gauges. Arthur (6) stated 
“It sometimes happens that it is convenient to use 
‘dummy’ gages for temperature compensation.” Neubert 
(7) mentioned that the dummy gauges “should be mounted 
in a direction of minimum strain. . . .” 


Perhaps the best term for the temperature-compen- 
sating gauges in the bridge arrangement in question is 
Poisson gauges (9), in recognition of the fact that these 
gauges also contribute to the total sensitivity of the pis- 
ton. 
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Effect of Hemodialysis on 
Cefazolin Protein Binding 


Keyphrases 0 Cefazolin-protein binding, effect of hemodialysis 0 
Protein binding-cefazolin, effect of hemodialysis Binding, protein- 
cefazolin, effect of hemodialysis Hemodialysis-effect on protein 
binding of cefazolin Antibacterials-cefazolin, protein binding, effect 
of hemodialysis 


To the Editor: 
Cefazolin, a semisynthetic derivative of 7-amino- 


cephalosporanic acid, is indicated for use in infections 
caused by various Gram-positive and Gram-negative 
bacteria. Cefazolin is very highly bound to serum proteins; 
over the therapeutic range of 1-200 ,ug/ml, greater than 
80% of the total drug in plasma is in the bound form (1-4). 
In the presence of renal impairment, the fraction bound 
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facetamide and sulfabenzamide were estimated to be 13.4 and 56.8 M-1, 
respectively. The I molecules appear to have 1.28 binding sites for these 
compounds under the described conditions. 


In conclusion, the fluorescent probe technique can provide a simple, 
sensitive, and rapid determination of the extent and nature of binding 
between sulfonamides and I. The technique, however, may not be ap- 
plicable for some drugs such as sulfanilamide. 
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Rate and Proposed Mechanism of 
Anhydrotetracycline Epimerization in Acid Solution 


T. D. SOKOLOSKI x, L. A. MITSCHER *, 
P. H. YUEN, J. V. JUVARKAR, and B. HOENER* 


~ _ _ _ _ _ ~  ~ 


Abstract The pathway through which the toxic tetracycline degra- 
dation product epianhydrotetracycline forms in solution was studied 
using high-performance liquid chromatography and circular dichroism, 
taking advantage of the large difference in ellipticity between the reactant 
and the product a t  285 nm. The epimerization of anhydrotetracycline 
followed a reversible first-order process, and both analytical methods 
yielded the same rate constants. The rate constants indicate that anhy- 
drotetracycline epimerization is faster than tetracycline epimerization. 
The equilibrium favored anhydrotetracycline, and the activation energies 
for the forward and reverse rates were almost the same as those for tet- 
racycline epimerization. The epimerization was catalyzed by phosphate. 
Activation energies in 0.1 and 1 M phosphate were essentially the same. 
The equilibrium constants for both anhydrotetracycline and tetracycline 
favored the natural configuration rather than the epi series. Possible 
rationalization based on conformational and hydrogen bonding effects 
is presented. 


Keyphrases Anhydrotetracycline-epimerization, kinetics and 
mechanism in acid solution, high-performance liquid chromatographic 
and circular dichroism study C] Tetracycline degradation-kinetics and 
mechanism of anhydrotetracycline epimerization in acid solution, 
high-performance liquid chromatographic and circular dichroism study 


Epimerization-anhydrotetracycline in acid solution, kinetics and 
mechanism, high-performance liquid chromatographic and circular di- 
chroism study 0 High-performance liquid chromatography-study of 
epimerization of anhydrotetracycline in acid solution 0 Circular di- 
chroism-study of epimerization of anhydrotetracycline in acid solution 


Antibacterials-tetracycline degradation, epimerization of anhydro- 
tetracycline in acid solution 


Among the degradative pathways of the tetracyclines, 
those leading to the toxic epianhydrotetracycline by epi- 
merization and dehydration are of special concern. For- 


mation of epianhydrotetracycline (I) from tetracycline (IV) 
occurs along two routes (Scheme I). Epimerization of tet- 
racycline occurs via a reversible first-order process be- 
tween pH 3 and 5 (1-4). Dehydration of tetracycline to 
anhydrotetracycline (11) and of epitetracycline (111) to 
epianhydrotetracycline occurs via a pseudolfirst-order 
process at low pH (5-7). 


The epimerization of anhydrotetracycline is the only 
reaction of Scheme I whose kinetics have not yet been re- 
ported, probably because of a lack of a suitable method of 


Iv 
1 


I11 


1 
W O H  N(CH3)2 ~ CH3 H, N(CH3), 


H” ,O H’ ,.OH1 
CONH2 CONH, 


OH OH 0 0 bH OH 0 0 
11 I 


Scheme I 
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Figure 1-High-performance liquid chromatogram for a mixture of 
tetracycline (IV), epitetracycline (HI), anhydrotetracycline ( I l ) ,  and 
epianhydrotetracycline (I).  The T is the time of injection, and S i s  the 
solvent peak. Four microliters of a solution containing 0.466 mglml of  
IV,  0.346 mglml of III, 0.436 mglml of II, and 0.512 mglml of I was in- 
jected with instrument attenuation at 0.08 absorbance unit. Flow rate 
was 1.08 mllmin (20OOpsi). 


analysis for the reactant and the product. However, sep- 
aration of tetracycline from its degradation products and 
from rolitetracycline by liquid chromatography recently 
was described (8-11). The present study utilized a different 
liquid chromatographic system, as suggested previouslyl. 
The other potential method to study the reaction is cir- 
cular dichroism, as suggested by previous results which 
showed large differences in the ellipticity of anhydrote- 
tracycline and epianhydrotetracycline a t  285 nm in 0.03 
N HCI (12). It thus seems feasible to  follow the rate of 
epimerization by following the rate of change in ellipticity 
a t  this wavelength. 


- 


- 


- 


- 


- 


- 


- 


EXPERIMENTAL 


Materials-Tetracycline hydrochloride*, 4-epitetracycline ammonium 
salt3, anhydrotetracycline hydrochloride*, and 4-epianhydr~tetracycline~ 
were used as obtained. All other chemicals were reagent grade. 


Apparatus-High-performance liquid chromatographic6 (HPLC) 
studies were made using a UV detector at 254 nm with a 1-m X 2.1-mm 
i.d. column7. Circular dichroism measurementss were made using a 
jacketed 1-cm pathlength cell at constant temperatureg. Visible and UV 
lightlo absorption measurements were made using a thermostated 1-cm 
cell. 


Chromatographic Methods-For the separation and quantification 
of anhydrotetracycline and epianhydrotetracycline, the following method 
was used. The mobile phase consisted of 0.07 M sodium phosphate and 
0.008 M ethylenediaminetetraacetic acid adjusted to pH 7. The degassed 
solvent was stored in the solvent reservoir of the instrument6. The in- 
strument, with a 1-m cation-exchange column7, was operated at  a flow 
rate of 1 mllmin (1800 psi) at ambient temperature. Known amounts of 
anhydrotetracycline and epianhydrotetracycline dissolved in 0.03 N HCl 
were placed in an ice bath, and known volumes (2-5 ~ l )  were withdrawn 
and injected into the chromatographic column using a 5-pl high-pressure 
syringe. The resulting areas under the chromatograms were measured 
using a planimeter. 


The procedure used in the kinetic studies was as follows. Monobasic 
potassium phosphate solution at a given concentration was adjusted to 
pH 4.2 with concentrated hydrochloric acid. The solution was equili- 
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Figure 2-Relation between the area under the HPLC peak and the 
amount injected for anhydrotetracycline (0, - - -) and epianhydro- 
tetracycline (0, -). 


brated at  the desired temperature. Appropriate amounts of anhydro- 
tetracycline were weighed into flasks and brought to volume with the 
phosphate solution. Final concentrations ranged from 7.7 to 13 X 
M. The flask was immediately placed in a water bath, and a fixed volume 
(3.5-5 pl) was injected onto the chromatographic column at  about 10-min 
intervals for the first 2 hr and at 30-min intervals thereafter until equi- 
librium was established. The area under the response (0.08 absorbance 
unit full scale) versus time chromatograms for anhydrotetracycline (and 
epianhydrotetracycline) were measured and equated to the concentration 
through a standard curve. 


Spectropolarimetric Methods-In the rate studies, stock solutions 
of anhydrotetracycline or epianhydrotetracycline were prepared by 
weighing each into separate 10-ml volumetric flasks. The materials were 
dissolved and brought to volume with 0.03 N HC1 at room temperature, 
and the solutions were immediately refrigerated. One or 2 ml of the stock 
solution was diluted to 50 ml with phosphate solution (pH 4.2). The el- 
lipticity of the various concentrations of pure anhydrotetracycline or 
epianhydrotetracycline was then measured at  285 nm. 


Phosphate solution was prepared by adding concentrated hydrochloric 
acid to several different concentrations of monobasic potassium phos- 
phate to give pH 4.2. Salt effects were studied by adjusting ionic strength 
with potassium chloride. The phosphate solution was equilibrated at  the 
temperature to be used before mixing with a known volume of stock so- 
lution of anhydrotetracycline, resulting in solutions having a concen- 
tration of approximately 3 X M. The solution was immediately 
transferred to a thermostated circular dichroism cell, and the change in 
ellipticity was measured continuously for about 5-6 hr at 285 nm. An 
equilibrium ellipticity was determined about 15 hr later. 


This same procedure was repeated using tetracycline or epitetracycline 
as the starting material. The ellipticity of the solutions was measured as 
a function of time at 270 nm, and standard curves for pure materials were 
also determined at  this wavelength. At a wavelength of 270 nm and pH 


Table I-Rate Constants for the C-4 Epimerization of 
Anhydrotetracycline in  0.1 M Phosphate at pH 4.2 and Several 
Temperatures Studied Using HPLC 


Forward Reaction Reverse Reaction 
Temperature Rate Constant, Rate Constant, Equilibrium 


f2.0° kl  X 10 hr-1 k-1 X 10 hr Constant 


45O 0.89 (0.07)a 1.82 (0.13) 0.489 
50° 1.35 (0.10) 2.67 (0.21) n . m  
55O 2.38 (0.66) 
60' 3.55 (0.23) 


._ 


4.85 (i138j 0.491 
7.27 (0.50) 0.488 


* Parentheses contain root mean square error of two determinations. 
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Figure 3-Relation between the logarithm of the difference in con- 
centration of anhydrotetracycline a t  time t and its equilibrium con- 
centration and the time for anhydrotetracycline epimerization a t  pH 
4.2 in 0.1 M phosphate. Anhydrotetracycline and its epimer were sep- 
arated by HPLC and detected using UVspectrophotometry at 45' (O),  
50' (o), 55' (a), and 60' (Q). 


4.2, there was a large difference in the circular dichroism spectra of tet- 
racycline and epitetracycline, similar to those found in 0.03 N HCl(l2). 
Visible and UV absorbances at  427 and 269 nm for epianhydrotetracy- 
cline and anhydrotetracycline in 0.1 M phosphate a t  60' were measured 
as a function of time by withdrawing samples from solutions at  30-min 
intervals. 


Circular dichroism studies of the anhydrotetracycline epimers a t  
several pH values were conducted by making stock solutions at  0.003% 
in 0.03 N HCl. The materials were dissolved in approximately 2 ml of 
methanol and dilutedto 100 ml with 0.03 N HCl. To 5.0 ml of stock so- 
lution was added 5.0 ml of 0.001 N HCl, and the pH was adjusted to its 
final value (1.00,3.25,7.25, and 9.25) with a few drops of strong hydro- 
chloric acid or sodium hydroxide. The circular dichroism spectrum of each 
sample was determined immediately. A solvent blank was made in the 
same manner but without drug. 


RESULTS 


The HPLC procedure provided adequate separation of anhydro- 
tetracycline and epianhydrotetracycline within 10 min and also of tet- 
racycline and epitetracycline after 30 min (Fig. 1). When the area under 
the chromatograms for anhydrotetracycline and its epimer was measured 
for known amounts of material injected, it accurately represented the 
amount present (Fig. 2). The sensitivity achievable a t  0.08 absorbance 
unit full scale permits analysis of compounds in concentrations of 


With the HPLC procedure, solutions of anhydrotetracycline kept a t  
various temperatures and phosphate concentrations were analyzed for 
anhydrotetracycline (and epianhydrotetracycline) content by the mea- 
surement of areas under the chromatograms. I t  was assumed that, like 
tetracycline, the epimerization followed a reversible first-order process 
where: 


10-5-10-4 M. 


Table 11-Activation Energies for  the C-4 Epimerization of 
Anhydrotetracycline at pH 4.2 in Phosphate 


Activation Enerevn. kcal/mole 


Circular 


Concentration, M Reaction Results Results 
Buffer HPLC Dichroism 


0.1 Forward 19.9 (15.8-24.1) 18.6 (15.7-21.51 
0.1 Reverse 20.0 (14.6-25.4) 18.6 (15.7-21.6) 
1 Forward 17.9 (17.3-18.6) 
1 Reverse 17.5 (17.1-17.9) 


Parentheses contain the upper and lower 95% confidence limits obtained from 
linear regression analysis. 
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Figure 4-Absorbance of a solution of anhydrotetracycline at  427 nm 
as a function of time at  60' in 0.1 M phosphate. 


describes the kinetic reaction where Co, Ct, and C, are the concentrations 
of anhydrotetracycline at times 0, t, and equilibrium, respectively; k l  and 
k-1 are the forward and reverse rate constants, respectively; and t is time. 
Based on Eq. 1, a semilogarithmic p!ot of the difference in concentration 
(Ct - C , )  uersus time should be linear with a slope of ( k l  + k-1) .  


Figure 3 plots the results of such studies at four temperatures. The sum 
of the rate constants together with the equilibrium constants obtained 
after about 10 half-lives permitted the calculation of the forward and 
reverse rate constants (Table I). Based on the data of Table I, the acti- 
vation energies for the reaction were calculated (Table 11). A precipitate 
formed in the solutions upon storage after epimerization, particularly 
a t  higher temperatures after standing for a few days. A study of the ab- 
sorbance of anhydrotetracycline at 427 nm at  60' in 0.1 M phosphate 
showed that the content of anhydrotetracyclines decreased after a lag 
phase of about 6 hr (Fig. 4). The wavelength chosen should reflect total 
anhydro solution content (12). 


Although the HPLC procedure is acceptable for following epimeriza- 
tion kinetics, the reaction was also studied utilizing the large difference 
in ellipticity of anhydrotetracycline and epianhydrotetracycline at around 
285 nm (Fig. 5). The results obtained when ellipticity a t  285 nm was 
measured as a function of time at  various temperatures and phosphate 


-1 6k 
270 280 29 0 300 31 0 


WAVELENGTH, nm 
Figure 5-Molar ellipticity of epianhydrotetracycline (-) and anhy- 
drotetracycline (- - -) as a function of Wavelength a t  p H  4.2 in 0.1 M 
phosphate a t  ambient temperature (29'). 
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Table 111-Rate Constants fo r  the C-4 Epimerization of 
Anhydrotetracycline in 1 M Phosphate at pH 4.2 Studied Using 
Circular  Dichroism at Several  TemDeratures 
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Figure 6-Relation between ellipticity at 285 nm and time for anhy- 
drotetracycline epimerization at pH 4.2 in 1 M phosphate at 50'. 


concentrations are typified by those given in Fig. 6. When such data are 
treated assuming a reversible first-order process following the relation- 
ship: 


for the reaction anhydrotetracycline 2 epianhydrotetracycline, where 
the + values are the ellipticities in degrees with subscripts 0, t ,  and a 
referring to initial, time t , and equilibrium values, respectively, and k l ,  
k-1 ,  and t are as defined for Eq. 1, a linear relationship should be ob- 
tained when In ($t  - Jim) is plotted as a function of time. The 1c.- is ob- 
tained after about 10 half-lives. A linear relationship was found for studies 
made a t  five different temperatures in 1 M phosphate solution (Fig. 7) .  
The slopes of these lines provide the sum of the rate constants. The 
equilibrium constant, K ,  can be obtained from: 


where b relates the concentration of epianhydrotetracycline to its ellip- 
ticity, CO is the initial concentration of anhydrotetracycline, and the other 
terms are as defined previously. By using Eys. 2 and 3, it is possible to  
get the forward and reverse rate constants. The constant b was obtained 
from a linear relationship found for ellipticity as a function of epianhy- 
drotetracycline concentration; b has a value of -975'1M. The similar 
constant for anhydrotetracycline is -186O/M. The forward and reverse 
rate constants for studies made in 1 M phosphate using Eqs. 2 and 3 are 
given in Table 111, and the activation energy values calculated using these 
data are found in Table 11. 


Forward Reaction Reverse Reaction 
Temper- Rate Constant, Rate Constant, Equilibrium 


ature f2O hr-' hr-1 Constant 


30° 0.118 (0.111-0.125)n 0.244 (0.226-0.255) 0.484 
40' 0.303 (0.301-0.311) 0.616 (0.605-0.625) 0.492 
50" 0.754 (0.735-0.760) 1.50 (1.48-1.52) 0.503 
55O 1.10 (1.09-1.12) 2.18 (2.15-2.21) 0.505 
60' 1.76 (1.74-1.80) 3.57 (3.49-3.63) 0.493 


0 Parentheses contain the upper and lower 95% confidence limits obtained from 
linear regression analysis. 


Studies made a t  lower phosphate concentrations, where the reaction 
was slower, gave ellipticity uersus time plots for which it was difficult to 
estimate an infinity ellipticity, probably because of interference from the 
secondary reaction resulting in precipitation, as observed in the HPLC 
studies. As a consequence, the epimerization reactions occurring in 0.1 
M phosphate were analyzed differently than those previously presented. 
In these cases, an equilibrium ellipticity was calculated from the eyui- 
librium constant found in Tables I and 111. The equilibrium constant did 
not change with temperature, and values obtained in lower temperature 
studies were considered reliable since the precipitation reaction was 
minimal. By using such calculated values and only ellipticities a t  times 
shorter than 2 hr, semilogarithmic plots of + t  - $- uersus time were 
constructed (Fig. 8). The plots showed curvature at longer times, but rate 
constants calculated from the slopes of the linear portion of such lines 
together with the equilihrium constant (uia Eq. 3) were in excellent 
agreement with the rate constants calculated from initial rate data. Initial 
rates were obtained from plots of ellipticity uersus time data (Table 1V). 
Activation energies calculated from the data of Table IV are given in 
Table 11. 


In addition to the rate studies made a t  0.1 and 1.0 M phosphate at pH 
4.2, studies using circular dichroism were made at  50' and a t  a constant 


\ 
0.5 I I I I I 
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Figure 7-Semilogarithmic relation between the change in  ellipticity 
(time t minus equilibrium value) and the time for anhydrotetracycline 
epimerization at 30° (e), 40' (a), 50° (O), 55" (m), and 60' ( 0 ) .  El- 
lipticity is measured at 285 nm i n  solutions at p H  4.2 (1 M phos- 
phate). 
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Figure 8-Relation between the logarithm of the change in ellipticity 
for solutions of anhydrotetracycline at time t and that estimated for 
equilibrium and the  t ime at 60°, pH 4.2 (0.1 M phosphate). 


c 


rr 
0 0.5 1 .o 


[MONOBASIC PHOSPHATE], M 


Figure 9-Forward (e) and reuerse (0) rate constants for anhydro- 
tetracycline epimerization as a function of phosphate concentration 
at p H  4.2at 50' and constant ionic strength (1 M). 
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Table IV-Rate Constants for  the C-4 Epimerization of Anhydrotetracycline in 0.1 M Phosphate at p H  4.2 Studied Using Circular 
Dichroism at Several Temperatures  


Forward Reaction Rate Constant, 
kl X 10 hr-l f Average Errora 


Reverse Reaction Rate Constant, 
k-1 X 10 hr-l f Average Errora 


Temperature 52" From Semilog Data From Initial Rates From Semilog Data From Initial Rates 


43.5" 
48.5" 
53" 
58' 


0.945 f 0.001 
1.59 


3.58 f 0.022c 
2.40 f o.ooab 


0.91 f 0.026 
1.56 
2.44 f 0.03 
3.66 f 0.25' 


1.93 f 0.001 1.89 f 0.03 
3.25 3.18 
4.89 i 0.0186 4.98 i 0.086 
7.32 f 0.O5Oc 7.47 f 0.98'' 


a Calculated as the root mean square. * Average of two values. Average of three values. 


ionic strength (1 M) a t  various total phosphate concentrations (0.1-1 M). 
A plot of the rate constants obtained as a function of monobasic phos- 
phate concentration (essentially the total phosphate) gave the results 
shown in Fig. 9. 


For comparative purposes, the epimerization of tetracycline was 
studied making use of the difference in spectra between tetracycline and 
epitetracycline a t  270 nm. This difference was previously reported in 0.03 
N HC1 and substantiated a t  pH 4.2 (12). When starting with either tet- 
racycline or epitetracycline, the change in ellipticity was treated as a 
reversible first-order process as reported in several studies (1-4). With 
Eqs. 2 and 3, modified for the reaction tetracycline ~2 epitetracycline, 
where b for tetracycline and for epitetracycline is -521.6 and 376.6"/M, 
respectively, excellent conformance with the reversible first-order process 
was obtained (Fig. lo), giving the rate constants listed in Table V. 


The relations between molar ellipticity and wavelength found for 
anhydrotetracycline and epianhydrotetracycline a t  four pH values (1.0, 
3.25,7.25, and 9.25) are presented in Figs. 11 and 12. 


DISCUSSION 


The HPLC method used to separate tetracycline and its degradation 
products is different from that reported previously (8,9,11).  The sepa- 
ration achievable for anhydrotetracycline and epianhydrotetracycline 
allows a valid and convenient study of the epimerization, since peaks are 
sharp and retention times are small. The procedure used may not he as 
convenient in a study of tetracycline epimerization, since bandwidths 
are broad and retention times are longer for tetracycline and its epi- 
mer. 


With HPLC, epimerization of anhydrotetracycline complies with a 
reversible first-order process just as does the epimerization of tetracycline 
(2-4, Fig. 10). A reaction other than epimerization occurs for anhydro- 
tetracycline a t  pH 4.2 and results in precipitation. Such a reaction occurs 
slowly a t  high temperatures but occurs even at lower temperatures at 
apparently slower rates. 1dentificat.ion of this product(s) is being un- 
dertaken. 


Circular dichroism provides an especially convenient way to study the 
epimerization reaction. I t  is only necessary to place a solution of either 
anhydrotetracycline or its epimer in the instrument cell and to follow the 
change of ellipticity as a function of time a t  a fixed temperature. The 


1 X I  


'9°F 
6 


I 1 I I I I 
20 40 60 80 100 120 


MINUTES 


Figure 10-Semilogarithmic plot of the difference in ellipticity (at time 
t and equilibrium) at 270 n m  and the  t ime using tetracycline (0) and 
epitetracycline (@) as the starting material. Study made at 40°, pH 4.2, 
and 1 M phosphate. 


results obtained for the rate constants using circular dichroism were in 
very close agreement with those obtained using HPLC (Tables I and IV), 
showing that the circular dichroism method is perfectly valid. The dif- 
ference between the methods averaged 7% (2-12% range), which was the 
expected error limit with either method. 


The secondary reaction especially observable a t  high temperatures 
complicated analysis of circular dichroism data for slower reactions (lower 
phosphate concentrations). However, this reaction is sufficiently slow 
and has an induction period (Fig. 4) that  permits analysis of ellipticity 
changes a t  early times (40-60 min) as an uncomplicated reversible 
first-order process. It is valid to use early data points because it is possible 
to calculate expected infinity ellipticity values. The reason for this ap- 
proach is that the equilibrium constant for this reaction was found to be 
independent of temperature (Table I), and reliable equilibrium constants 
can be obtained a t  lower temperatures where the precipitation reaction 
is slow. 


In comparison with tetracycline epimerization, anhydrotetracycline 
is apparently faster by an average of 28% (Tables I, 111, and V), and the 
energy of activation is perhaps 2 kcal/mole less than that of tetracycline 
when compared with reported values (2-4). Whether significant differ- 
ences are present, however, is questionable because of the uncertainties 
in estimating energies of activation (Table 11). 


Just  like tetracycline, phosphate catalyzes the epimerization of 
anhydrotetracycline (2, Fig. 9). Neither intercept obtained was signifi- 
cantly different from zero. These results support the hypotheses that 
anhydrotetracycline epimerization may be general base catalyzed and 
that, in the case of phosphate, the monobasic form is a likely candidate 
for the catalytic species. 


The special role phosphate plays in these reactions is possibly a con- 
sequence of its interesting ability to act as a molecular proton conductor 
(Scheme 11). 


One interesting result of these studies and those of others (1-4) in- 
volving tetracycline is that  the equilibrium favors the solution species 
(tetracycline or anhydrotetracycline) that would not be conformationally 
favored a t  acid pH, providing hydrogen bond formation is ignored. The 
results can be rationalized using the following argument. 


Because of the flexible cis-AIB ring juncture, anhydrotetracyclines 
may adopt two opposite solution conformations in which both the A-ring 


6 H  OH 


bH 
Scheme I1 
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Iia 


IIb 


and the BCD-ring chromophores are planar and in which there is no 
readily apparent bond angle strain (IIa and IIb). Conformation IIa is the 
same as that previously assigned to the parent antibiotic, tetracycline, 
as fitting best the bulk of the available data collected in neutral to mod- 
erately acidic solutions (12-14). Conformation IIb is that attributed to 
5,12a-diacetyloxytetracycline in the crystal (15) and to 5-hydroxytetra- 
cyclines in alkaline solutions (12-14). 


Neither conformation is the same as that adopted by various tetracy- 
cline antibiotic salts, as shown by X-ray studies (16-21) and circular di- 
chroism studies in strongly acidic solutions (12-14). Under these condi- 
tions, a twisted form of conformation IIa is favored in which the N(CH3)z 
group rotates slightly away from its interaction with the 12a-OH group 
and toward ring B. It does not, however, go all the way to conformation 
IIb. The only corresponding X-ray study of an anhydrotetracycline salt 
showed essentially conformation IIa (22). The reason why this confor- 
mation should be favored in the crystal of anhydrotetracycline hydro- 
bromide is not readily apparent, because it is the only member of this 
family that clearly has conformation IIa. 


In fact, conformation IIb would appear to be intuitively more satis- 
factory based on relief of the C-4-C-12a interaction and the resulting 
equatorial orientation of the dimethylamino group. Other independent 
evidence, however, rules this out. Dimethyl sulfoxide-dc solutions of 
various anhydrotetracyclines show a small H-4-H-4a coupling constant 
(5 Hz), which is consistent with conformation IIa or the twisted tetra- 
cycline conformation but not with conformation IIb. The circular di- 
chroism spectra of anhydrotetracycline in aqueous methanol solutions 
at various pH's (Fig. 11) show that there is no dramatic conformational 
change below pH 7 and can be rationalized best by invoking either con- 
formation IIa or, better, the twist form (16-21). The situation differs 
somewhat with 4-epianhydrotetracycline. The PMR spectrum of che- 
locardin (23), for example, shows a small (4.5 Hz) coupling constant. 


Ukl 
4; I ~ 


I I I I I I 
250 300 350 400 450 500 g 4 0 1  


WAVELENGTH, nm 


Figure 11-Molar ellipticity of anhydrotetracycline as a function of 
wavelength at various pH values. Key: -, 1.0; - - -, 3.25;. . . . , 7.25; and 
. - . -, 9.25. 


250 300 350 400 450 
WAVELENGTH, nm 


Figure 12-Molar ellipticity of epianhydrotetracycline as a function 
ofwavelength at various pH values. Key: -, 1.0; - - - ,3.25,. . . . , 7.25; 
a n d .  - . - ,9.25. 


However, either conformation IIa or IIb gives an intermediate sized J 
value, so PMR measurements of this type do not help. 


The circular dichroism spectra of 4-epianhydrotetracycline do not 
change significantly with rising pH (Fig. 12), indicating a stable confor- 
mation, but differ significantly from that of anhydrotetracycline itself 
under the same conditions. In particular, at all pH levels measured, strong 
exciton coupling is evident (24,25). This finding would be expected with 
conformation IIa, in which the A-ring chromophore is very close in space 
to the BCD chromophore so that such coupling is possible. Furthermore, 
the A-ring peak (A,,, 275 nm) is of the correct energy content to couple 
with the middle BCD-ring transition occurring at about the same wave- 
length. Such circular dichroism bands characteristically are biphasic and 
bilaterally symmetrical about the zero ellipticity line and have their 
amplitude median at  approximately the same wavelength as the UV 
transition from which they are derived. Deviation from ideality is ex- 
pected when they are superimposed on a noncoupled band. 


Inspection of Fig. 12 shows that these relationships are obeyed and that 
the peaks in question are those at  approximately 255 and 285 nm. Lack 
of such coupling with anhydrotetracycline is strong evidence for different 
conformations for the two series. Conformation IIb would be expected 
to allow exciton coupling also but with opposite signs. This lack, along 
with the other data described, suggests that anhydrotetracyclines possess 
the twist tetracycline conformation (16-21) in which the chromophores 
are fixed farther apart in space. 


With anhydrotetracycline and 4-epianhydrotetracycline apparently 
possessing different ground-state conformations, the kinetic expression 
should ultimately contain contributions from conformational as well as 
configurational components. This situation involves a balance of subtle 
factors of presently indeterminable magnitude. 


These two conformations allow an acceptable rationale for the long 
known, but unexplained, observation that the 4-epi series are stronger 
bases than the naturally occurring series (26). Intramolecular hydrogen 
bonding in the natural series would reduce the external availability of 


Table V-Rate Constants for the C-4 Epimerization of 
Tetracycline in PhosDhate at DH 4.2 


Buffer Forward Rate Reverse Rate 
Concentra- Constant, hr-' f Constant, hr-' f 


tion, M Temperature Average Error* Average Errora 


0.1 60' 0.311 f 0.008b 0.508 f 0.013* 
1 40' 0.216 i 0.012c 0.352 f 0.019c 


a Calculated aa the rwt mean square. Average of two values. c Average of three 
values. 
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I1 I 
Scheme III  


the lone-pair electrons of the N(CH& group to acids. It may be presumed 
that the molecule gains sufficient stabilization from this effect to over- 
come in part the destabilization induced by 1,3-diaxial steric bulk in- 
teractions, and this stabilization explains the small but definite preference 
for the natural configuration when a t  equilibrium (Scheme 111). The 
picture is, however, somewhat further complicated by the superposition 
of a conformational equilibrium, since the two epimers do not have the 
same ground-state conformation. 
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Absorption Kinetics of Procainamide in Humans 


CARL V. MANION x, DAVID LALKA * 
DENISE T. BAER, and MELVIN B. MkYER 


~ 


Abstract Plasma procainamide concentrations following the ad- 
ministration of 500 mg of procainamide hydrochloride uia intravenous 
infusion, conventional capsules, and sustained-release tablets were 
compared in 11 healthy male volunteers. Two-compartment open mod- 
eling of the plasma levels from the intravenous infusion experiments 
yielded mean K,I, k l z ,  and kz l  values of 0.0162,0.0542, and 0.0233 min-I, 
respectively. The bioavailability of the oral preparations (uersus intra- 
venous) averaged 83% for the capsule and 79% for the sustained-release 
tablet. Calculations using a previously reported method suggested that 
absorption was a first-order process with mean k,'s of 0.0336 and 0.0039 
min-l for the capsule and sustained-release tablet, respectively. The 
sustained-release formulation exhibited delayed release and adequate 
bioavailability. 


Keyphrases Procainamide-hioavailability of intravenous infusion, 
capsules, and sustained-release tablets, absorption of oral forms com- 
pared, humans 0 Bioavailability-procainamide, intravenous infusion, 
capsules, and sustained-release tablets compared, humans Absorption, 
GI-procainamide, capsules and sustained-release tablets compared, 
humans 0 Antiarrhythmic agents-procainamide, bioavailability of 
intravenous infusion, capsules, and sustained-release tablets, absorption 
of oral forms compared, humans 


Procainamide, a widely used antiarrhythmic agent, has 
a log-linear phase plasma disappearance half-life of about 
3 hr (I). This short half-life can lead to subtherapeutic 
plasma levels 4 hr after oral administration of conventional 
formulations. Therefore, a 3-hr dosing interval was rec- 
ommended for maintenance of a therapeutic plasma con- 
centration (2). 


More recently, several attempts to prolong the apparent 
half-life of plasma procainamide utilized formulation 
techniques to produce sustained release (3-5). Studies with 
these formulations generally suggested some advantages. 
The present study was undertaken to measure the ab- 
sorption rate and bioavailability of an experimental sus- 
tained-release tablet and to document its plasma con- 
centration-time curve. 


EXPERIMENTAL 


Subjects and Dosing-Eleven male subjects participated after giving 
written informed consent. They were healthy as judged by history, 
physical examination, and laboratory tests. Their ages ranged between 
21 and 28 years with a mean of 21.8, and their weights ranged between 
73.6 and 94 kg (Table I). 


Procainamide hydrochloride for intravenous usel was administered 
by intravenous infusion over 16 min a t  a constant rate of 27.1 mg of 
base/min. Each of the other two dosage forms, the capsule2 or sus- 
tained-release tablet3,'was given with 100 ml of water after an overnight 
fast. The schedule of administration of dosage forms was randomly de- 
termined for each volunteer. Each dosage form was administered a t  in- 
tervals of 1 week or more. 


Sample Collection-Blood specimens were collected at -0.25,0.25, 
0.5,0.75, 1, 1.5,2, 3,4, 5 ,6 ,8 ,  12, and 24 hr for both oral preparations. 
Blood specimens were collected during and after the intravenous infusion 
at -5,3.5,7,10.5, 14,17.5, 20, 24, 28,32, 38,44,50, and 60 min and 1.5, 
2,3,4,5,6,8,12, and 24 hr. A pretreatment urine sample as well as 0-8- 


Lot 45825, Squibb. * Lot 433302, Squibb. 
Lot H7426-5, Hassle. 


and 8-24-hr specimens was collected for drug determination. For the first 
eight single studies, 24-48-hr urine specimens were collected. 


Analysis of Procainamide and  Apparent N-Acetylprocainamide 
in Plasma and  Urine-Plasma procainamide levels were measured 
spectrophotometrically by the method of Market al. (6) as modified by 
Sitar et al. (7). In some studies, conjugates of procainamide (presumably 
N-acetylprocainamide) were approximated by the same method after 
acid hydrolysis of the methylene chloride extract (evaporated to dryness, 
dissolved in 1 N hydrochloric acid, and heated to 100' for 1 hr) of the 
plasma specimen. Urine samples were assayed as described but were also 
analyzed by a modification of a reported GLC procedure (81, again with 
and without hydrolysis. 


The sensitivity of the spectrophotometric method was approximately 
0.10 fig/ml with a concentration-independent recovery of 98% during this 
study; the sensitivity of the GLC method was 1-5 gg/ml with a recovery 
of 97% over a similar concentration range (urine contained an interfering 
peak). The coefficient of variation for the spectrophotometric method 
throughout this study was 3% as measured by quality control specimens 
run daily. The GLC method yielded an 8% coefficient of variation mea- 
sured from deviation of slopes of the standard curves. These measure- 
ments were similar to previous estimates of precision, sensitivity, and 
recovery (1,6-9). 


Plasma specimens were frozen to -20° and stored at that temperature 
until the analysis was performed, except as noted below. Since artifactual 
procainamide could be generated from N-acetylprocainamide (a known 
metabolite) by hydrolysis, a blank plasma sample to which N-acetyl- 
procainamide (10 gg/ml) had been added was also carried through the 
assay procedure. Furthermore, several sets of samples were assayed 
within 48 hr or less of the time they were drawn or received and were 
reanalyzed 6-8 weeks later. These studies were all performed in an effort 
to ensure that the procainamide plasma and urine levels were not arti- 
factual. 


Pharmacokinetics-Plasma concentrations, C,, following intrave- 
nous infusion declined biexponentially in accordance with: 


C, = Ae-Nt + Be-ot (Eq. 1) 


The values of A and E were corrected by the method of Loo and Riegel- 
man (10) for the infusion time of 16 min using: 


(Eq. 2) 


where T is the duration of the constant-rate infusion, the Ai's are the t 
= 7 intercepts of the two exponential phases, and the ki's are the dispo- 
sition slope constants (i.e., 01 and 8). The data were fitted to a two-com- 
partment open model (Scheme I), and the values for K,I, klz, k n ,  and V ,  
were estimated by utilizing the nonlinear least-squares regression analysis 
program NONLIN (11) on a time-share computer. Each plasma con- 
centration was weighted as its reciprocal. 


The computer fit values for K,l, kl2, 1221, and V, from each individual 
were then further utilized for the calculation of the apparent absorption 
rate constant, k,, by the method of Loo and Riegelman (12). Percent 
unabsorbed estimations were made at various times, and least-squares 


Scheme I-Representation of transfer and elimination in a two-com- 
partment open model; klz and kzl are first-order transfer rate constants 
between the central and peripheral compartments as indicated; K,l is 
the first-order elimination rate constant from the central compartment; 
ko is a zero-order infusion rate constant; k, is the  first-order rate con- 
stant for drug absorption; V, and Vt are the apparent volumes of the 
central and tissue compartments, respectively; and X, and Xt are the 


masses o f  drug contained in these compartments. 


Vol. 66, No. 7, Ju ly  1977 / 981 







Table I-Characteristics of Volunteers p 
5.0 


Dose, mgfkg Subject Age, years Weight, kg 


G.B. 
P.Gt. 
L.D. 


28 
21 
22 


78.6 
73.6 
85.0 


6.36 
6.79 
5.88 


F.N. 21 77.2 6.47 
6.55 
5.64 
6.75 
6.67 
6.11 
6.47 
5.31 


P.Ga. 21 
B.M. 21 
P.R. 21 


76.3 
88.6 
74.0 
75.0 S.R. 21 


C.H. 21 81.8 
C.F. 21 77.2 
T.C. 22 94.0 


Mean f SD 21.8 80.1 f 6.5 6.27 f .4a 


fits were performed to estimate k,. Plasma level simulations from mean 
data were performed by the method of superposition as described by 
Westlake (13). Individual curves were described by: 


- i  i j 4 5 6 i a 9 i b i i i i i i i 4 1 5  
HOURS 


Figure 1-Plasma concentration-time curves in Subject T.C. following 
the administration of 500 mg of procainamide hydrochloride as a 1Bmin 
constant-rate intravenous infusion (O), a sustained-release tablet (O),  
and a conuentional capsule (X). 


Oral Dose Experiments-The plasma concentration-time curves 
observed following the administration of an intravenous infusion, a 
sustained-release tablet, and a conventional capsule to a volunteer who 
exhibited nearly equal areas under the curve (AUC) values following 


RESULTS 


Intravenous Infusion Experiments-After a brief infusion of pro- 
cainamide, the plasma concentration declined biexponentially with a t 1/Zcr 


= 8.8 f 1.2 min and a tl/zo = 204 f 14 min (Table 11). Fitting of these data 
to a two-compartment open model (Scheme I) yielded mean K,I, k12, and 
hzl  values of 0.0162,0.0542, and 0.0233 rnin-', respectively (Table 111). 
The apparent volume of the immediately equilibrating space, V,, was 
0.79 liter/kg, and v d p  was 2.74 literdkg. Renal clearance, CIR, and total 
body clearance, C18, averaged 400 and 749 ml/min, respectively. 


Table 11-Coefficients of the Biexponential Equation Describing the Decline of Plasma Concentration following the Intravenous 
Administration of 500 mg of Procainamide Hydrochloride to Normal Volunteers" 


Subject A ,  d m l  


G.B. 5.1 
P.Gt. 2.8 
L.D. 4.6 
F.N. 9.8 


0.066 
0.031 
0.097 
0.106 
0.094 
0.073 
0.114 
0.116 
0.138 
0.067 
0.084 
0.090 
0.009 


10.5 
22.4 
7.1 
6.5 
7.4 
9.5 
6.1 
6.0 
5.0 


10.3 


1.8 
1.5 
1 .a 
1.3 


0.0034 
0.0029 
0.0037 


204 
239 
187 


0.0044 
0.0042 
0.0032 
0.0045 
0.0043 
0.0025 
0.0025 
n.oo3.7 


158 
16.5 


~~ 


P.Ga. 
B.M. 
P.R. 


.~ 


5.6 
5.7 
1.6 


1.9 
0.8 
2.1 
2.0 


~~~ 


217 
154 
161 
211 
277 


S.R. 5.4 
C.H. 16.4 
C.F. 9.0 


1.3 
1.0 - .. 


T.C. 
Mean 
SEM 


.~ 


8.0 
6.7 
1.2 


8.3 
8.8 
1.2 


1.3 
1.5 
0.13 


210 
204 


14 


..~... 


0.0035 
0.0002 


a Infusion data corrected to instantaneous input by method of Loo and Riegelman (10). 


Table 111-Derived Pharmacokinetic Parameters for Procainamide in Normal Volunteers: Constants Characterizing the Two- 
Compartment Open Model 


G.B. 
P.Gt. 
L.D. 
F.N. 


0.0382 
0.0133 
0.0588 


0.0194 
0.0128 
0.0301 


0.0116 
0.0079 
0.0117 


0.81 2.32 314 (380)c 
2.98 401 (349) 
2.01 297 (303) 


619 
635 
633 


1.35 
0.79 


0.0660 
0.0562 
0.0463 


0.0161 
0.0272 
0.0135 
0.0670 
0.0345 
0.0123 
0.0087 


0.0281 0.51 3.00 464 (548) 1020 
P.Ga. 0.0149 0.76 2.35 533 (537) 752 


942 


64 1 


702 


749 
40 


681 


781 


a25 


B.M. 
P.R. 
S.R. 
C.H. 


0.0160 
0.0075 
0.0139 


0.73 
1.57 
0.78 


3.32 214 (457j 
2.06 393 (485) 
1.99 320 (406) 


0.0435 
0.0718 
0.0982 0.0303 0.30 3.82 458 (433) 


0.0173 0.56 3.64 541 (447) 
0.0194 0.49 2.66 454 (269) 
0.0162 0.79 2.74 400 (419) 
0.0022 0.11 0.20 31 (27) 


C.F. 0.0429 
T.C. 0.0613 
Mean 0.0542 
&SEM 0.0065 


0.0145 
0.0233 
0.0050 


a Defined in Scheme I. Calculated from v d  dose/@(ALiC). Calculated from CIR = PAt4hr/JFhr  C, dt. d Calculated from CIA = dosei,/Jo- C, dt .  e Numbers 
in parentheses are the mean renal clearance vabu~s for the three experiments in each volunteer; the numbers outside the parentheses are the renal clearances observed 
from the intravenous experiments. 
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Table IV-Procainamide Bioavailabilits in Normal Volunteers 


Bioavailability 


Conventional Capsule Sustained-Release Tablet 


P.Gt. 
P.Ga. 
G.B. 
L.D. 
F.N. 
B.M. 
P.R. 
S.R. 
C.H. 
C.F. 
T.C. 
Mean f SEM 


71 
113 
83 
84 
73 
69 
91 
66 
66 


107 
88 


83 f 4.9 


86 


77 
99 


120 
207 
108 
112 
69 


- 


.. 


82 
20 


86 f 5.1 


69 
94 
54 
70 
91 
86 
65 
73 
84 
86 
94 


79 f 4.0 


25 
96 
93 
62 
82 


210b 
99 
81 
67 . .  


61 
52 


71 f 18 


All ratios X 100. This value was excluded from bioavailability calculations because it is believed that the volunteer lost some urine containing drug following his in- 
travenous dose. 


administration of the two oral preparations are shown in Fig. 1. The 
plasma procainamide levels following the conventional capsule were 
higher during the first 3 hr of the experiment; at later time points, the 
sustained-release tablet yielded higher levels. 


Bioavailability was estimated by two methods: the ratio of the areas 
under the plasma concentration-time curves (A  UCghr/A UCZh) and the 
ratio of the total urinary excretion of procainamide (PAitFJPAi4$). The 
AUC estimates suggest that  the two preparations (conventional capsule 
and sustained-release tablet) possess nearly equal bioavailability, while 
the urinary excretion data indicate that procainamide is absorbed more 
completely from the conventional capsule (86.0 uersus 71.096, Table 
IV). 


The plasma levels from each subject were further analyzed by the 
method of Loo and Riegelman (12) to estimate the apparent absorption 
rate constant from each formulation (Fig. 2). The results of these esti- 
mations for all subjects (assuming first-order absorption) as well as the 
Loo-Riegelman approximation of the known intravenous infusion rate 
are shown in Table V. The k ,  for the sustained-release tablet averaged 
almost an order of magnitude slower than the k ,  of procainamide from 
the conventional capsule 


201 15 


L 50 100 (-1%) 15C P 50 100 15C 


MINUTES 


Figure 2-Loo-Riegelman plots of percent unabsorbed versus time 
following the administration of 500 mg of procainamide hydrochloride 
as a sustained-release tablet (0) and a conventional capsule (0) for 
uolunteers. 


DISCUSSION 


Intravenous Studies-A two-compartmen t open model adequately 
described the plasma levels following intravenous infusion of procain- 
amide. The value of V, was 0.79 f. 0.11 literlkg, substantially greater than 
a previously reported value ( 5 ) .  That report (5), however, contained a 
fixed recording error of elapsed time for the intravenous pracainamide 
doses, which, if corrected, yields a V,  of 0.48 liter/kg4. The V d , j  (2.74 li- 
terslkg) was approximately equal to the previous literature value (5). 
Other differences in pharmacokinetic constants are, therefore, explained 
by this correction in V,. 


Concern in this study regarding the potential hydrolysis of N-acetyl- 
procainamide to procainamide as a general source of error appears an- 
swered by the small coefficient of variation observed for the assay, the 
absence of hydrolysis as measured under the assay conditions utilized, 
and the relative agreement of infusion rate prediction (Loo-Riegelman) 
with the known infusion rate. These observations are supported by a 
recent report suggesting that the various procainamide assay procedures 
yield similar results (13). If any method is subject to interference from 
N-acetylprocainamide, it appears to be the fluorometric procedure 


Bioavailability-The sustained-release preparation, whose charac- 
teristics this study was to determine, appears to have satisfactory bio- 
availability. First-pass metabolic effect considerations (15) suggest that  
the bioavailability of both oral preparations approaches the maximum 
possible for procainamide in humans if nonrenal clearance (CINR = C1R 
- C ~ R )  is presumed to represent hepatic clearance. The difference in the 
(PA 242PAZ:$) bioavailability calculation suggests that  the sustained- 
release tablet is less available than the conventional capsule. However, 
the urinary procainamide excretion from any administration is subject 


the problem of the completeness of urine collection, and the urinary 
recovery ratio method may be less reliable (footnote a ,  Table IV). Indeed, 
incomplete urinary recovery from Subject B.M. following his intravenous 
dose is perhaps the most plausible explanation for his high bioavailability 
when calculated from urinary excretion data. The overall variability in 
the urinary excretion data is sufficiently great t o  limit the capacity to 
suggest a bioavailability difference. 


Absorption Rate-A principal objective of this study was to compare 
the absorption rate of procainamide from a sustained-release tablet to 
that from a conventional capsule. The calculation of an absorption rate 
constant further requires that the individual percent unabsorbed versus 
time data points be fitted to an equation. This approach assumes that 
oral absorption can be adequately described as a simple function of time 
(which is not necessarily accurate). Since the Loo-Riegelman plats did 
show good linearity on semilogarithmic coordinates when the initial "lag 
time" and the postabsorptive phase were ignored, it seems that apparent 
first-order kinetics were operative. Furthermore, the relative agreement 
of the known intravenous. infusion rate with that calculated by the 
method of Loo and Riegelman supports this approach for the approxi- 
mation of the k,'s (at  least for the study of procainamide in humans). 
Based on these data, a substantial alteration has been achieved in k, that 
may be clinically meaningful (16). 


(14). 


4 C. Graffner, A. B. Hassle, Molndal, Sweden, personal communication. 
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Table V-Apparent Absorption Rate  of Procainamide in  Normal 
Volunteers 


Ka!  ko, 
Ka 3 Sustained Intravenous 


CaDsule. Release. Infusion, 
Subject h n - l  min-1 mg/min 


S.R. 0.0045 0.0034 29.3 
C.H. 0.0077 0.0046 37.6 
B.M. 0.0107 0.0058 33.1 - .. . .-. 


F.N. 0.0092 0.0045 29.9 
P.Gt. 0.0198 0.0040 42.0 
C.F. 0.0173 0.0036 31.1 
G.B. 0.0116 0.0022 60.1’’ 
P.R. 0.0866 0.0027 28.6 
T.C. 0.0693 0.0051 30.8 
P.Ga. 0.0866 0.0026 42 
L.D. 0.0462 0.0041 27.0 
Mean 0.0336 0.0039 33.1 
SEM 0.0098 0.0003 1.7 


This value was not used in the calculation of the mean ko since when it was 
deleted it fell more than 5 SD above the mean. 


CONCLUSIONS 


1. I t  seems to be possible to delay the in uiuo absorption rate of pro- 
cainamide in humans a t  least an order of magnitude and still achieve 
satisfactory bioavailability. 


2. The method of Loo and Riegelman seems to be satisfactory for the 
estimation of absorption rate constants for procainamide in humans. 


3. Plasma procainamide levels following a brief intravenous infusion 
were well described by a biexponential equation. 


4. Therapeutic blood levels may be achieved with the sustained-release 
tablet with doses of approximately 1-2 g (four tablets) every 6-8 hr. 
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Liposomal Entrapment of Floxuridine 


STEPHEN P. SIMMONS and PAUL A. KRAMER” 


Abstract 0 Floxuridine was found to have an apparent initial entrap- 
ment within negatively charged sphingomyelin liposomes about three 
times higher than its parent, fluorouracil. The drug also diffused out of 
the liposomes a t  a much lower rate than fluorouracil. Substitution of 
lecithin for sphingomyelin destroyed the effect. Liposomal entrapment 
may provide enhanced stability and decreased toxicity of floxuridine, 
permitting wider therapeutic utilization of pyrimidine nucleosides. 


Keyphrases 0 Floxuridine-entrapment within sphingomyelin and 
lecithin liposomes, compared to fluorouracil 0 Liposomes, sphingomyelin 
and lecithin-entrapment of floxuridine, compared to fluorouracil 
Antitumor agents-floxuridine, entrapment within sphingomyelin and 
lecithin liposomes, compared to fluorouracil 


The actual inhibitor of thymidylate synthetase and, 
hence, DNA biosynthesis in tumor growth inhibition by 
fluorouracil (I) is 2’-deoxy-5-fluorouridine 5’-monophos- 
phate (11) (1). Floxuridine (2’-deoxy-5-fluorouridine) (111) 
is a better precursor of I1 than I, as evidenced by the fact 
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that it is lo3 times as effective in inhibiting DNA thymine 
synthesis in Ehrlich ascites cells in uitro (2) and is a more 
effective carcinostatic agent against both Ehrlich ascites 
and Sarcoma-180 in uiuo (3). This increased intrinsic ac- 
tivity is not translated into increased effectiveness in hu- 
mans, because I11 is degraded to its constituent pyrimidine 
and sugar moieties by nucleoside phosphorylases in serum 
and tissues (4). Attempts a t  stabilization have included 
chemical modification of the drug itself as well as the ad- 
dition of deoxyribose donors and enzyme inhibitors to 
suppress the degradation reaction ( 5 , 6 ) .  


One might expect the encapsulation of I11 within the 
aqueous compartments of phospholipid vesicles (lipo- 
somes) to be of utility in this regard. The protective lipid 
sheath might prevent enzymatic degradation in serum and 
reduce the toxicity of the drug by excluding it from regions 
such as the GI tract. Previous workers reported difficulty 
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Antitumor Agents from Jatropha macrorhixa 
(Euphorbiaceae) 111: Acetylaleuritolic Acid 


S. J. TORRANCE, R. M. WIEDHOPF, and J. R. COLEx 


Abstract 0 The triterpene acetylaleuritolic acid was isolated from Ja- 
tropha macrorhiza (Euphorbiaceae) and showed tumor-inhibitory 
properties toward the P-388 lymphocytic leukemia test system. The 
compound was identified by means of IR, PMR, and mass spectrometry 
and by its transformation into the known methyl acetyloleanolate. 


Keyphrases 0 Acetylaleuritolic acid-isolated from ethanol extract of 
roots of Jatropha macrorhiza, antitumor activity evaluated 0 Jatropha 
macrorhiza-ethanol extract of roots, acetylaleuritolic acid isolated and 
evaluated for antitumor activity 0 Antitumor activity-evaluated in 
acetylaleuritolic acid isolated from ethanol extract of roots of Jatropha 
macrorhiza 


In the continuing search for plants having tumor-in- 
hibitory constituents*, the ethanol extract of the roots of 
Jatropha macrorhiza Benth. (Euphorbiaceae)2 was found 
to possess inhibitory activity toward the P-388 lympho- 
cytic leukemia test system3. 


DISCUSSION 


One constituent of the ethanol extract of J .  macrorhiza Benth. roots 
is the triterpene acetylaleuritolic acid (I), C32H50O4 (1). The IR spectrum 
of I indicated that this compound contained carboxylic acid (1695 cm-l) 
and acetate (1730 and 1255 cm-1) functional groups. The mass spectrum 
of I exhibited a fragmentation pattern consistent with that reported (1) 
for hl4-taraxerene derivatives and identical to the data for aleuritolic 
acetate (2). The physical data (2) for aleuritolic acid and its derivatives 
were also in agreement with those observed for I and its derivatives (I1 
and Ill). 


Because an authentic sample of I was unobtainable, its methyl ester 
(111) was converted uia acid isomerization (2,3) into IV, identical in all 
respects (TLC, IR and mass spectra, and mixed melting point) to an 
authentic specimen4 of methyl acetyloleanolate (4). 


Compound I demonstrated activities of 158 and 128% test/control 
(T/C) a t  dose levels of 1.0 and 1.4 mg/kg, respectively, in the P-388 sys- 
tem. Activity in the P-388 test system is defined as an increase in the 
survival of treated animals over that of controls resulting in a T/C t 125% 
(5). 


EXPERIMENTAL5 


Extraction Procedure-The fresh ground roots (90.8 kg) of J. ma- 
crorhiza were extracted exhaustively in a Lloyd-type extractor with 
ethanol. The solvent from the ethanol extract was removed in air, and 
the residue was partitioned between chloroform and water (1:l). After 
the layers separated, the chloroform was removed in air, resulting in 130.3 
g of residue. 


Isolation of I-The residue from the chloroform phase (100 g) was 
stirred vigorously with ether (1.4 liters) and filtered. This process pro- 
vided 7 g of ether-insoluble material and, after removal of the solvent in 


For Part I, see J. Pharrn. Sei., 62,1206 (1973). For Part 11, see J .  Org. Chem., 
41,1855 (1976). 


Identification was confirmed by R. M. Wiedhopf, College of Pharmacy, and 
Dr. Charles T. Mason, Botany Department, University of Arizona, Tucson, Ariz. 
A reference specimen was deposited in the University of Arizona Herbarium. 


Tested by the Drug Evaluation Branch, Drug Research and Development, 
Chemotherapy, National Cancer Institute. 


An authentic specimen of oleanolic acid was provided by Drug Research and 
Development, Chemotherapy, National Cancer Institute. 


Carbon and hydrogen analyses were performed by Chemalytics, Inc., Tempe, 
Ariz. Mass, PMR, and IR spectra were recorded using a Hewlett-Packard model 
5930 spectrometer, a Varian T-60 spectrometer, and a Beckman IR-33, respectively. 
Optical rotations were obtained on a Rudolph model 70 polarimeter, and melting 
points were determined on a Kofler hot-stage apparatus and are uncorrected. 


I: R, = CH,CO, R, = H 


111: R, = CH,CO, R, = CH, 
11: R ,  = R , = H  


IV 


uacuo, 92 g of ether-soluble residue. The ether-soluble fraction (50 g) was 
then chromatographed over 850 g (55 X 840 mm) of silica gel 606. Elution 
of the column was begun with benzene and continued with increasing 
amounts of chloroform in benzene. !Elution with 80% chloroform produced 
a semicrystalline fraction (2 g), which was recrystallized from hexane, 
resulting in 375 mg of I as colorless needles, mp 298-300' (sublimes above 
140') [lit. (1) mp 278-281'1, [a]h5 --49' (c 0.2, CHC13). The IR [(CHCIs): 
1730,1695, and 1255 cm-I], PMR [(CDC13): 6 0.86 (s, 3H), 0.95 (s, 15H), 
1.25 (s, 3H), 2.02 (s, 3H), 4.45 (m, lH),  and 5.51 (m, 1H) ppm], and mass 
[m/e 498 (M+), 483,438,423,377,344,329,269,248,234 (base), 219,203, 
189,135, and 1191 spectra were in accord with Structure I. 


Anal.-Calc. for C32H500&H2(3: C, 75.69; H, 10.12. Found C, 75.31; 
H, 10.11. 


The methyl ester (111) of I melted a t  239-241' [lit. (1) mp 241-243O1, 
and the desacetyl compound (aleuritolic acid, 11) melted at  303-306' dec. 
(sublimes above 205', turning intso tiny needles) [lit. (1) mp 300-302' 
dec.]. 


Isomerization of Methyl Acetylaleuritolate (111) and Preparation 
of Methyl Acetyloleanolate (1V)--Compound 111,25 mg, in acetic acid 
(5 ml) was heated with concentrated hydrochloric acid (0.2 ml) on a steam 
bath for 30 min. The crystalline solid (22 mg) obtained after workup was 
recrystallized from ether-hexane, giving pure IV, mp 219-220°, +58' 
(c 1.0, CHC13), identical (TLC, IR and mass spectra, and mixed melting 
point) with an authentic sample4. 


Anal.-Calc. for C33Hb20&H20: C, 75.96; H, 10.23. Found: C, 76.23; 
H, 10.36. 
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Anthelmintic Dihydroquinoxalino[ 2,3-b]quinoxalines 


MICHAEL H. FISHERX, AINO LUSI, and JOHN R. EGERTON 


Abstract 0 A series of dihydroquinoxalino[2,3-b]quinoxalines was 
synthesized and tested for anthelmintic activity in a model assay. The 
most promising compound, 5,12-diacetyl-5,12-dihydroquinoxalino[2,3- 
blquinoxaline, was orally effective in sheep at  a dose of 200 mg/kg against 
a broad range of helminths. 


Keyphrases 0 Quinoxalines, substituted-synthesized, anthelmintic 
activity evaluated Dihydroquinoxalino[2,3-b]quinoxalines, substi- 
tuted-synthesized, anthelmintic activity evaluated Anthelmintic 
activity-evaluated in series of substituted dihydroquinoxalino[2,3- 
blquinoxalines 0 Structure-activity relationships-series of substituted 
dihydroquinoxalino[2,3-b]quinoxalines evaluated for anthelmintic ac- 
tivity 


In the continuing search for anthelmintic agents of novel 
structure, dihydroquinoxalino[2,3-b]quinoxaline showed 
erratic but definite anthelmintic activity in a preliminary 
assay. Therefore, several analogs were synthesized and 
tested for anthelmintic efficacy. 


RESULTS AND DISCUSSION 


Fluoflavin was first prepared by Hinsberg and Pollak (l), who for- 
mulated the structure as 5,12-dihydroquinoxalino[2,3-b]quinoxaline (I). 
Since then, there has been considerable speculation as to whether the 
compound is more accurately represented by the tautomeric 5,ll-dihydro 
structure, 11. A spectroscopic study (2) indicated that the 5,12-dihydro 
structure, I, is the most probable, and it is used for fluoflavin derivatives 
in this report. Derivatives having substituents in the benzo rings also may 
have ambiguous structures; no attempt was made to establish their exact 
structures. 


The new compounds prepared are listed in Tables I and I1 together 
with some previously described compounds. Synthetic procedures, 
generalized where possible, are described under Experimental. All de- 
rivatives were synthesized by reacting appropriately substituted 1,2- 
phenylenediamines with 2,3-dichloroquinoxalines over sodium carbonate 
in refluxing dimethylformamide (3) (Scheme I). Acylation was generally 
accomplished by long heating in a large excess of the anhydride. Alter- 
natively, conventional acylation with the acyl halide in pyridine was 
possible. 


The diformyl derivative could only be prepared with 100% formic acid 
and N,N'-dicyclohexylcarbodiimide. Reduction of the nitro derivative 
(XXVIII) with hydrogen over palladium-on-carbon gave the amine 
(XXIX), which was acylated with methyl chloroformate to the carbamate 
(XXX). Oxidation of I with hydrogen peroxide in trifluoroacetic acid gave 
quinoxalino[2,3-b]quinoxaline 5,11-dioxide (XLIII), previously described 
by Kuhn and Skrabal(4) as the sole product isolated. 


I1 I 


+ 
H 


k=O 
I 


I c=o 
I 


Rz H 
Scheme I 


Biological results (the lowest oral doses demonstrating activity) are 
shown in Tables I and 11. Compounds were tested for anthelmintic ac- 
tivity against Trichostrongylus in a standard laboratory animal model 
assay (5). The most potent compounds in the series, VIII-X, were lower 
acyl derivatives of the unsubstituted I. 


The nonacylated compounds were all extremely insoluble; since I 
showed erratic but definite activity at 400 mgkg, the main contribution 
of acylation was to achieve better absorption and distribution of the in- 
trinsically active ring system. Acylation with groups larger than propionyl 
diminished activity, as did any of the ring substitutions tried. The aro- 
matic analog (XLII) was inactive, but its bis(N-oxide) derivative (XLIII) 
was surprisingly among the most active compounds in the series. 5,12- 
Diacetyl-5,12-dihydroquinoxalino(2,3- blquinoxaline (IX) was selected 
as the most promising and evaluated for anthelmintic efficacy in sheep. 
A t  an oral dose of 200 mg/kg, it was effective against Haemonchus con- 
tortus, Ostertagia circumeincta, Trichostrongytus axei, Trichostrongylus 
colubriformis, and Cooperia sp. 


EXPERIMENTAL' 


Method A: 2-Methoxy-5,12-dihydroquinoxalino[2,3- blquinoxa- 
line (XXII1)-A suspension of 20.0 g (0.144 mole) of 4-methoxy-1,2- 
phenylenediamine, 28.8 g (0.144 mole) of 2,3-dichloroquinoxaline, and 
15.3 g (0.144 mole) of sodium carbonate in 100 ml of dimethylformamide 
was refluxed for 5 hr and then cooled to room temperature. The product 
was filtered off and crystallized from acetic acid, 23.1 g (60.3%), mp 
>340°. 


1 Melting points were taken on a Thomas-Hoover Unimelt apparatus and are 
uncorrected. 
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where stress (a) and strain ( 6 )  have units of kilograms 
square centimeters and microstrains X 10-6, respectively. 
The cross-sectional area (A) of the dosator, where the 
bonded strain gauges are located, was reported as 0.174 
cm2. Therefore, the expected sensitivity (microstrains per 
kilogram) from longitudinal compression can be calcu- 
lated: 


sensitivity = ( E  X A X 10-6)-1 (Eq. 3) 
This value is 2.92 microstrains/kg. 


Then, to calculate the contribution to the sensitivity 
from lateral strain, the Poisson ratio ( p )  for steel of 0.3 is 
used (3). The value for the lateral sensitivity was calculated 
as 0.88 microstrain/kg. The total sensitivity for this 
instrumented dosator is the sum of the lateral and lon- 
gitudinal components, which is 3.80 micro- 
straindkg. This value compares well with that observed 
(l), 3.96 microstrains/kg. 


The preceding discussion does not invalidate this type 
of strain-gauge application, but it does clarify and explain 
the sensitivity obtained. 


(1) L. E. Small and L. L. Augsburger, J .  Pharm. Sci., 66, 504 
(1977). 


(2) K. Arthur, “Transducer Measurements,” Tektronix Inc., Beav- 
erton, Ore., 1970, pp. 74-77. 


(3) T. Lyman, “Metals Handbook Properties and Selection of Met- 
als,” vol. 1, American Society for Metals, Metals Park, Ohio, 1969, p. 
422. 
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Syntex Research 
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Clarification of Nomenclature 


Keyphrases Capsule-filling machine, automatic-strain gauges, ex- 
planation of activity Instrumentation-automatic capsule-filling 
machine, explanation of activity of strain gauges 


To the Editor: 
Kent and Yost (1) commented on the Wheatstone bridge 


design for an automatic capsule-filling machine (2). The 
described position of the gauges on the modified dosator 
piston to measure the force applied to the dosator piston 
and to provide temperature compensation is common in 
experimental stress analysis (3) and pharmaceutical re- 
search (4 ,5) .  


Theoretical stress calculations are not required for ac- 
curate calibration of the instrumented piston. The calcu- 
lations offered by Kent and Yost for the net strain, tnet, at 
the strain-gauge bonding site are well known for this bridge 
application and may be simply expressed as (3): 


tnet = (1 + PICA (Eq. 1) 


where p is the Poisson ratio and t~ is the axial strain as 
calculated from Hooke’s law. 


Kent and Yost agree that this type of calculation does 
not invalidate the design of the Wheatstone bridge in 
question nor the validity of the work presented. The issue 
is the use of the term “passive” to describe the tempera- 
ture-compensating gauges in Fig. 3 of Ref. 2. Other terms 
have been applied to these same gauges (4,6-9). Knoechel 
et al. (4) used the term “dummy” gauges. Arthur (6) stated 
“It sometimes happens that it is convenient to use 
‘dummy’ gages for temperature compensation.” Neubert 
(7) mentioned that the dummy gauges “should be mounted 
in a direction of minimum strain. . . .” 


Perhaps the best term for the temperature-compen- 
sating gauges in the bridge arrangement in question is 
Poisson gauges (9), in recognition of the fact that these 
gauges also contribute to the total sensitivity of the pis- 
ton. 


(1) J. S. Kent and M. T. Yost, J. Pharm. Sci., 66,1507 (1977). 
(2) L. E. Small and L. L. Augsburger, ibid., 66,504 (1977). 
(3) R. C. Dove and P. H. Adams, “Experimental Stress Analysis and 


Motion Measurement,” Merrll Books, Columbus, Ohio, 1964, pp. 84, 
85. 


(4) E. L. Knoechel, C. C. Sperry, H. E. Ross, and C. J. Lintner, J .  
Pharm. Sci., 56,109 (1967). 


(5) P. E. Wray, J. G. Vincent, F. W. Moller, and G. J. Jackson, paper 
presented at the Industrial Pharmacy Section, APhA Academy of 
Pharmaceutical Sciences, Dallas meeting, Apr. 1966. 


(6) K. Arthur, “Transducer Measurements,” Tektronix Inc., Beav- 
erton, Ore., 1970, p. 140. 


(7) H. K. P. Neubert, “Strain Gauges,” Macmillan, London, England, 
1967, pp. 59,60. 


(8) Tech Note TN-128-2, Micro-measurements, Romulus, Mich., 1976, 


(9) Tech Note “-139, Micro-measurements, Romulus, Mich., 1974, 
p. 2. 
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Effect of Hemodialysis on 
Cefazolin Protein Binding 


Keyphrases 0 Cefazolin-protein binding, effect of hemodialysis 0 
Protein binding-cefazolin, effect of hemodialysis Binding, protein- 
cefazolin, effect of hemodialysis Hemodialysis-effect on protein 
binding of cefazolin Antibacterials-cefazolin, protein binding, effect 
of hemodialysis 


To the Editor: 
Cefazolin, a semisynthetic derivative of 7-amino- 


cephalosporanic acid, is indicated for use in infections 
caused by various Gram-positive and Gram-negative 
bacteria. Cefazolin is very highly bound to serum proteins; 
over the therapeutic range of 1-200 ,ug/ml, greater than 
80% of the total drug in plasma is in the bound form (1-4). 
In the presence of renal impairment, the fraction bound 
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has been reported to decrease significantly. In one study, 
the percent bound decreased from 84% in normal patients 
to 63% in uremic patients (1). The effect of hemodialysis 
on the half-life and pharmacokinetics of cefazolin also was 
studied (5). However, the effects of hemodialysis on pro- 
tein binding have not been reported. 


Craig et al. (6) studied serum from uremic patients and 
reported that treatment with activated charcoal at pH 3 
significantly increased the fraction bound for several drugs, 
e.g., sulfamethoxazole, dicloxacillin, phenytoin, salicylate, 
and digitoxin. These investigators speculated that the 
treatment of serum with charcoal removed a protein 
binding inhibitor present in the serum of uremic patients, 
thus restoring the binding to near normal levels. 


This study was conducted to determine whether the 
decreased protein binding capacity in uremic serum would 
be affected by hemodialysis. If hemodialysis removes the 
protein binding inhibitor present in uremic serum, the 
binding capacity should return to normal levels. 


Twelve patients currently undergoing maintenance 
hemodialysis' were studied. All patients had serum cre- 
atinine values above 6.0 mg % (11.5 f 3.8 mg % SD) and 
blood urea nitrogen values above 32 mg % (90.3 f 30.9 mg 
%) before hemodialysis. Serum creatinine and blood urea 
nitrogen values decreased to 5.2 f 2.0 and 14.2 f 18.0 (SD)  
mg %, respectively, after the hemodialysis procedure. 


Blood samples were collected both before and after he- 
modialysis. Hemodialysis was conducted using artificial 
kidneys2 in dialysis machines3 supplied by a central dial- 
ysis bath. Dialysis was performed with systemic heparin- 
ization for 5-6 hr. Serum was removed from all samples, 
frozen at  -4O, and used within 3 weeks. 


Cefazolin was later added to the serum to give a total 
drug concentration of 92 pg/ml. Seven-milliliter samples 
of the serum-cefazolin solution were pipetted into an ul- 
trafiltration apparatus4. An ultrafiltration membrane5 
with a molecular weight cutoff of 10,000 was used to sep- 
arate the free drug from the bound drug. Nitrogen gas at 
a pressure of 15 psi was applied to the ultrafiltration ap- 
paratus, and the protein-free ultrafiltrate was collected and 
frozen until assay. 


The drug concentration in the ultrafiltrate samples was 
determined using the microbial disk diffusion assay of 
Grove and Randall (7). Twenty microliters of the ultra- 
filtrate was pipetted onto 6.25-mm disks placed on agar 
seeded with Bacillus subtilis spores. Standards were made 
in 0.067 M phosphate buffer, pH 7.4. All plates were in- 
cubated overnight a t  37' before the zone sizes were mea- 
sured. The drug concentration in the ultrafiltrate was 
determined by interpolation from the standard curve made 
with phosphate buffer. 


The serum protein binding of cefazolin in patients with 
uremia averaged 72.5 f 13.4 ( S D )  % prior to dialysis, a 
significant decrease from the value of 80-90% found in 
nonuremic patients. All values of protein binding in the 
uremic patients, except one, were below 86% (Table I). 
There did not appear to be any significant statistical cor- 
relations between the fraction bound and the values of 


Veterans Administration Hospital, Providence, R.I. 
2 Cohe Laboratories, Cranhury, N.J., and Gambro, Inc., Wheeling, 111. 


Milton-Roy, Extracorporal Medical Systems Inc., Pinellas Park, Fla. 
4 Model 8-MC, Amicon, Inc., Lexington, Mass. 
5 PM-10, Amicon, Inc., Lexington, Mass. 


Table I-Protein Binding in Patients with Uremia 


Percent Protein Bound 
Subiect Predialvsis Postdialvsis 


A 
B 
C 
D 
E 


70 
80 
72 
42 
61 


5 
15 
2 
6 


42 
F 86 30 
G 65 20 
H 78 26 
I 76 26 
J 71 0 
K 73 22 
L 96 75 


Mean f SD 72.5 f 13.4 22.4 f 20.9 


serum creatinine, blood urea nitrogen, calculated creati- 
nine clearance, and serum albumin concentration. 


The fraction of cefazolin bound to protein after the pa- 
tients had undergone dialysis decreased significantly to 
22.4 f 20.9 ( S D )  YO. The values ranged from 0 to 75% 
(Table I). A paired Student t test comparing the pre- and 
postdialysis values for each patient showed a significant 
difference in the protein binding after hemodialysis ( p  < 
0.005). The amount of change in binding did not correlate 
with the type of artificial kidney, the duration of dialysis, 
or the amount of heparin used. Therefore, the dialysis 
procedure apparently does not remove a protein binding 
inhibitor from the serum; on the contrary, hemodialysis 
actually introduced, either directly or indirectly, a protein 
binding inhibitor. 


Craig (8) recently demonstrated that the binding of 
proteins in serum decreased in patients undergoing car- 
diopulmonary bypass. The decrease in binding was in- 
versely proportional to the increase in the serum free fatty 
acid levels, which was attributed to the use of heparin 
during the bypass procedure. The decrease in the binding 
to serum proteins in each uremic patient after hemodial- 
ysis may also possibly be attributed to an increased free 
fatty acid level due to the administration of heparin during 
the dialysis procedure. 


Drugs in the protein-bound state are neither pharma- 
cologically active (9) nor able to distribute to the tissues 
(10). Since few infections are located in the circulatory 
system, the ability of the antimicrobial to leave the circu- 
lation and to enter the tissues is critical before the infecting 
organism can be eradicated. Decreased binding to proteins 
would increase drug distribution to tissues; thus, the drug 
may be more effective. The decrease in protein binding also 
can have certain dangers. Although cefazolin is relatively 
safe over a wide therapeutic range of concentrations, toxic 
reactions are more likely with greater tissue concentra- 
tions. 


Other drugs with a similar decrease in protein binding 
after dialysis and a narrower therapeutic margin would 
present a great potential for toxicity due to increased free 
serum and tissue drug levels. Further studies of the effect 
of dialysis on the protein binding of other pharmacological 
agents is necessary to determine whether this phenomenon 
is common to other highly bound drugs. Adjustment of the 
dosage regimen after dialysis may be necessary to com- 
pensate for the increases in tissue distribution occurring 
immediately after dialysis. 


(1) W. A. Craig, P. G. Welling, T. C. Jackson, and C. M. Kunin, J .  
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Infect. Dis., 128S, 347 (1973). 
(2) C. Reeamev. R. C. Gordon. and W. Kirbv. Arch. Intern. Med..  


“ I  - .  
133,’407 (197i). 


(3) M. G. Bergeron, J. L. Brusch, M. Barza, and L. Weinstein, An- 
timicrob. Agents Chemother., 4,396 (1973). 


(4) W. M. M. Kirbyand C. R. Regamey, J. Infect. Dis., 1285, 341 
(1973). 


(5) A. W. Czerwinski, J. A. Pederson, and J. P. Barry, J.  Clin. Phar- 
macol., 14,560 (1974). 


(6) W. A. Craig, M. A. Evenson, K. P. Sarver, and J. P. Wagnild, J .  
Lab. Clin. Med., 87,637 (1976). 


(7) D. C. Grove and W. A. Randall, “Assay Methods of Antibiotics: 
A Laboratory Manual,” Medical Encyclopedia, New York, N.Y., 1955, 
pp. 7-14. 


(8) W. A. Craig, Infection, 4, S137 (1976). 
(9) C. M. Kunin, Ann. N .  Y. Acad. Sci., 145,282 (1967). 


(10) W. F. Verwey and H. R. Williams, Antimicrob. Agents Che- 
mother., 1962,476 (1963). 
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Use of Trimethylanilinium 
H ydroxide-Tetr amethylammonium 
Hydroxide as On-Column Methylating 
Agent for GLC Analysis of Phenytoin 


Keyphrases 0 Phenytoin-GLC analysis in plasma GLC-analysis, 
phenytoin in plasma 0 Anticonvulsants-phenytoin, GLC analysis in 
plasma 


To the Editor: 


Numerous procedures for the GLC analysis of plasma 
phenytoin have been reported (1-7). One promising pro- 
cedure was that of Orme et al. (7), who were able to analyze 
phenytoin from 100-pl plasma samples with a lower limit 
of sensitivity of 0.5 pg/ml. When I attempted to use this 
procedure, a peak for the on-column methylating agent, 
trimethylanilinium hydroxide, interfered with the peak 
for the internal standard, 5-(4-methylphenyl)-5-phen- 
ylhydantoin. This interfering peak was not an extracted 
plasma component or an impurity from the extracting 
solvent, toluene, since it was seen when just the methanolic 
trimethylanilinium hydroxide was injected on column as 
well as when the extractions were performed with water 
blanks. 


Orme et al. ’s procedure for phenytoin involved the ex- 
traction of phenytoin from a 100-p1 plasma sample into 
toluene containing the internal standard. The toluene was 


then extracted with 25 pl of a 0.5 M trimethylanilinium 
hydroxide-50% (v/v) methanol-water mixture. One mi- 
croliter of the lower aqueous layer, after aspiration of the 
upper toluene layer, was injected into a gas chromatograph 
and analyzed via a flame-ionization detector. 


Attempts to overcome the peak interference in using 
Orme et aZ.’s procedure by lowering the trimethylanilinium 
hydroxide concentration to 0.1 M (concentration below 0.1 
M led to problems with the final extraction step) and al- 
tering column conditions proved unsuccessful. The use of 
commercial as well as fresh batches of trimethylanilinium 
hydroxide, synthesized by the method of Brochmann- 
Hanssen and Oke (8) from trimethylanilinium chloride or 
iodide, was similarly unsuccessful in removing or lessening 
the interfering peak. 


Brochmann-Hanssen and Oke (8) showed that tri- 
methylanilinium hydroxide is a superior methylating agent 
compared to tetramethylammonium hydroxide and need 
only be present in reasonable excess to methylate barbi- 
turates, etc., quantitatively. For concentrations of up to 
20 p g  of phenytoidml in 100 pl of plasma and the internal 
standard used in Orme et al.’s procedure, the concentra- 
tion of trimethylanilinium hydroxide in the final metha- 
nol-water mixture needed only to be slightly greater than 
0.001 M; i.e., for methylating purposes, the concentration 
of trimethylanilinium hydroxide of 0.5 M appeared to be 
unnecessary. Of course, the presence of trimethylanilinium 
hydroxide serves a secondary purpose in that the final 
methanol-water solution must be sufficiently alkaline to 
extract phenytoin and the internal standard efficiently 
from the toluene phase. 


In the present study, sufficient alkalinity for the efficient 
extraction in the final extraction step and quantitative 
methylation of the extracted phenytoin and internal 
standard were achieved by the use of 0.1 M tetrameth- 
ylammonium hydroxide-0.01 M trimethylanilinium hy- 
droxide and a solvent of 50% (v/v) methanol-water. 
Tetramethylammonium hydroxide was present as the al- 
kalizing agent and as a secondary methylating agent, while 
trimethylanilinium hydroxide was primarily present as the 
methylating agent. 


Plasma samples, 100 pl, containing phenytoin were an- 
alyzed according to the procedure of Orme et al. (7) with 
the following modifications. To a 100-pl plasma sample was 
added 100 p1 of freshly prepared 10?? metaphosphoric acid. 
This addition was necessary because an interfering amine 
prodrug of phenytoin of low pKa was present in the plasma 
samples. Metaphosphoric acid also quenched the conver- 
sion of the prodrug to phenytoin. For normal samples, the 
addition of monobasic sodium phosphate, as suggested by 
Orme et al .  (7), is sufficient. 


Two milliliters of toluene containing 1.4 pg of 544- 
methylphenyl)-5-phenylhydantoin was then added to the 
treated plasma sample, and the sample was vortexed vig- 
orously for 1 min and then centrifuged. Approximately 1.8 
ml of the toluene layer was removed by pipet. The toluene 
was then extracted with 25 p1 of 50% (v/v) methanol-water 
that was 0.1 M in tetramethylammonium hydroxide and 
0.01 M in trimethylanilinium hydroxide. This addition of 
the 25 p1 of methanol-water to the toluene while vortexing 
was crucial for efficient extraction. After vortexing for 1 
min and centrifuging, the upper toluene layer was removed 
by aspiration. 
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GLC Determination of Free and Conjugated 
Triclosan in Human Plasma and Urine 


ANTOINE SIOUFI =, FRANCOISE CAUDAL, and DANIELLE GRIMAULT 


Table I-Precision and Accuracy of the Assay Applied to Spiked 
H~~~~ plasma samples Abstract A method for the determination of free and conjugated tri- 


closan at  concentrations as low as 2 ndml in human plasma or urine is 
described. Conjugated metabolites are-split by enzyme hydrolysis. After 
addition of an internal standard, triclosan is extracted at  acid pH into Added, ng/ml Five Assays, ng/ml Interval SE, % 
petroleum ether, transferred to an alkaline aqueous solution, and back- 
extracted into petroleum ether after acidification. Both compounds are 
acetylated with acetic anhydride in the presence of pyridine. The acetyl 
derivatives are determined by GLC using a 63Ni-electron-capture de- 


Keyphrases Triclosan-GLC analysis, free and conjugated, human 


Amount Amount Found, Average of 95% Confidence 


2 2.6 2.3-3.0 4.9 
5 4.7 3.7-5.6 6.5 


20 19 16-22 5.0 
50 50 48-52 1.4 


500 500 488-512 0.8 
1000 998 970-1026 1.0 


tector. 200 200" 194-205 1.0 


plasma and urine 0 GLC-analysis, free and conjugated triclosan, human 3000 3087 2870-3303 2.5 
plasma and urine Disinfectants-triclosan, free and conjugated, GLC 6000 5961 5729-6192 1.4 
analysis, human plasma and urine 


Four assays only. 


Triclosanl [5-chloro-2-(2,4-dichlorophenoxy)phenol] 
(I) is a bacteriostatic agent. Radiolabeled triclosan was 
used to study its percutaneous absorption and metabolic 
fate in humans and animals (1). A GLC technique quan- 
titatively determined free and conjugated triclosan in 
whole blood without an internal standard (2). 


This paper describes an improved procedure for the 
GLC determination of free and conjugated triclosan in 
plasma and urine, at concentrations as low as 2 ngfml, 
using 5-bromo-2-(2,4-dichlorophenoxy)phenol (11) as an 
internal standard. 8-Glucuronidase is used for the specific 
determination of the glucuronide; enzymatic hydrolysis 
with a mixture of j3-glucuronidase and sulfatase is pre- 
ferred to acid hydrolysis for the determination of total (free 
plus conjugated) triclosan. 


EXPERIMENTAL 


Reagents-The acetate buffer was prepared by adding 4.8 ml of 0.2 
M acetic acid to 35.2 ml of 0.2 M sodium acetate. Acetic anhydride was 
purified before use by adding 20 g of sodium acetate to 100 ml of acetic 
anhydride and boiling under reflux for 15 min. Then acetic anhydride 
was distilled and collected between 135 and 140O. 


Pyridine was distilled at 115-116' with potassium hydroxide pellets 
and stored over potassium hydroxide pellets. 8-Glucuronidase was bac- 
terial P-glucuronidase* containing about 47,000 units/g. The mixture of 
p-glucuronidase and aryl sulfatase3 contained about 5 and 8 unitdml, 
respectively. All other reagents were analytical  grade'^^. 


Test solutions of acetyl derivatives of both triclosan and internal 
standard were prepared according to the procedure described under 
Acetylation and GLC. The petroleum ether solution, containing 200 pg 
of each derivative, was applied as a stripe on a TLC plate (silica gel with 
fluorescent indicator) to separate and eliminate underivatized triclosan 
and the internal standard from their acetyl derivatives. The plate was 
developed with benzene-toluene-formic acid-methanol (50505: 10 v/v). 


I II 


Table 11-Free Triclosan in Urine (Percent of Administered 
Dose) 


Isotope Dilution 
Hours Analysis GLC 


0-8 


24-48 
8-24 


48-72 


0.08 
0.60 
0.09 
0.03 


0.05 
0.56 
0.10 
0.02 


After the addition of 2 N HCl, the derivative was eluted into petroleum 
ether. 


The 1 N sodium hydroxide internal standard solution contained 500 
ng of Wml. 


Materials-The glassware was dried at 100' and immersed for 0.5 hr 
in an ultrasonic bath, first in water and then in methanol. 


The gas chromatograph6 was equipped with a linear 15-mCi G3Ni- 
electron-capture detector7. The peak areas were given by an electronic 
integrators. The operating temperatures were: column, 200'; injector, 
230'; and detector, 290'. The argon-methane (9010) flow rate was 60 
ml/min. 


Glass columns were washed with 1 N hydrochloric acid, distilled water, 
acetone, and benzene and then silanized with a 1% (v/v) solution of 
hexamethyldisilazane in benzene. After this treatment, the columns were 
washed again with benzene and dried at  100'. 


The column packing was 2% OV 19-2% QF 19 on SO-100-mesh Chro- 
mosorb W HP9. The filled column was flushed with the carrier gas at 50' 
for 30 min, then gradually heated to 240' a t  a rate of l'/min with a flow 
rate of 30 ml/min, and kept a t  245' for 3 days. 


Triclosan Glucuronide Enzyme Hydrolysis-Aliquots of 1 ml of 
plasma or urine, 1 ml of pH 5.5 acetate buffer, and 10 mg of P-glucuron- 
idase were incubated for 1 hr at 38". Distilled water, 1 ml, was then added, 
and extraction was performed as described under Extraction. 


Triclosan Glucuronide and Sulfate Enzyme Hydrolysis in  
Plasma-A 1-ml aliquot of plasma, 1 ml of distilled water, and 0.5 ml of 
8-glucuronidase-sulfatase mixture, diluted with pH 5.5 acetate buffer 
(1:lO v/v), were incubated for 15 hr a t  38'. Distilled water, 0.5 ml, was then 
added, and extraction was performed as described under Extraction. 


Trielosan Conjugates Acid Hydrolysis-Aliquots of 1 ml of plasma 
or urine and 3 ml of concentrated hydrochloric acid were heated for 1 hr 
a t  100'. Then extraction was performed as described under Extrac- 
tion. 


Extraction-A 1-ml aliquot of the internal standard solutipn was 


1 Irgasan DP 300, Ciba-Geigy. 
Sigma Type 2. 
Cdbiochim. 


4 Mallinckrodt. 
Merck A.G. 


Hewlett-Packard 5710 A. 
Hewlett-Packard 18713 A. 


Applied Science Laboratories. 
8 Infotronics. 
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Table 111-Free and Conjugated Triclosan in Urine (Percent of Administered Dose) 


Hydrolysis with Hydrolysis with 
b-Glucuronidase Hydrochloric Acid 


Isotope Isotope 
Total Dilution Dilution 


Hours Radioactivity Analysis GLC Analysis GLC 


0-8 23.78 23.75 29.80 24.02 24.92 
8-24 15.82 14.18 12.82 14.30 12.96 
24-48 11.24 9.67 9.66 9.92 9.68 
48-72 3.57 2.69 2.78 2.35 3.03 


measured into a stoppered glass tube. Then 1 ml of the sample, 2 ml of 
distilled water, 500 mg of anhydrous sodium sulfate, and 1 ml of con- 
centrated formic acid were added. This solution was mixed thoroughlylO, 
and the pH was checked (it must be 1-2). 


Petroleum ether, 3 ml, was added, and the tube was shaken mechani- 
cally for 5 rnin and centrifuged at 5000 rpm for 5 min. 


An aliquot volume of the petroleum ether extract was transferred to 
another 10-ml tube, and 3 ml of 1 N sodium hydroxide was added. The 
tube was shaken for 5 min and centrifuged for 3 min at  4000 rpm. The 
petroleum ether phase was separated and discarded. In the same tube, 
2 ml of 2 N hydrochloric acid and 3 ml of petroleum ether were added to 
the sodium hydroxide phase. The tube was shaken for 5 rnin and centri- 
fuged for 3 rnin at  4000 rpm. 


An aliquot volume of the petroleum ether phase was transferred to 
another tube and taken to dryness under a nitrogen stream in a water 
bath at  37'. 


Acetylation and GLC-To the dry residue were added 100 pl of acetic 
anhydride and 10 p1 of pyridine. After mixing, the tube was allowed to 
stand for 15 rnin at  room temperature. Then excess reagent was removed 
by evaporation to dryness a t  37' under a gentle nitrogen stream; 500 pl 
of petroleum ether was added, and the tube was shaken on a mixer. 


A 3-pl portion of the petroleum ether solution was injected into the gas 
chromatograph using the solvent-flush technique. The triclosan content 
was calculated from the peak area ratio by reference to a calibration curve, 
prepared from a series of 1 N sodium hydroxide-triclosan solutions added 
to plasma to yield concentrations between 2 and 50,50 and 500, or 500 
and 6000 ng/ml, depending on the concentration range studied. 


Human Experiments-Experiment 1 -One healthy volunteer was 
given a single oral dose of 203.57 mg of 14C-triclosan (100.15 pci) in a 
gelatin capsule. Heparinized blood samples were drawn 2,4,8, and 24 hr 
after treatment and centrifuged immediately. Plasma was collected and 
stored at  -2OO until analysis. Urine was collected after treatment as 
follows: 0-8,&24,24-48, and 48-72 hr. 


Experiment 2-Two healthy volunteers were each given a single oral 
dose of 25 mg of triclosan in a cachet. Blood was collected 2,4,6,  and 8 
hr after administration. 


1 2 


A L 
Figure 1-Examples of chromatograms of human plasma blank ( 1 )  and 
500 nglml of triclosan (A) and internal standard ( B )  in human plasma 
(2). 


RESULTS AND DISCUSSION 


Analytical Yield-The duration of the acetylation reaction was varied 
from 5 to 30 min. A maximum was reached after 15 min. 


The overall analytical yield was determined by comparing samples 
spiked with known amounts of triclosan and internal standard with 
corresponding extracts to which known amounts of the two acetyl de- 
rivatives had been added just before injection. The average yields W E )  
of five assays were 59.6 f 6.0% for triclosan and 77.0 f 4.5% for the in- 
ternal standard in plasma and 65.2 f 4.0% for triclosan and 77.2 f 4.7% 
for the internal standard in urine. 


Sensitivity and Accuracy-Table I gives the results obtained with 
spiked plasma samples in the concentration range of 2-6000 ng/ml. The 
95% confidence intervals were calculated for five replicate analyses on 
each sample. The lower concentration may he taken as the sensitivity 
limit of the assay, although even lower concentrations could be detect- 
ed. 


Plasma or Urine Interfgence-Figure 1 shows the chromatograms 
of a blank human plasma extract and of plasma spiked with 500 ng of both 
triclosan and internal standard. No interference of the normal plasma 
components was recorded. Urine contained fewer detectable substances. 
Enzyme or acid hydrolysis did not change the chromatograms. 


Specificity-Since the metabolism of triclosan has not been fully 
elucidated, the specificity of the assay was tested by comparing GLC with 
isotope dilution analysis after administration of the 1%-labeled drug. 


In urine, there was a satisfactory agreement between the two tech- 
niques for free (Table 11) and free plus conjugated triclosan (Table 111). 
The conjugate present in urine was entirely a glucuronide, as shown by 
the similar results obtained by acid and p-glucuronidase hydrolysis. 


In plasma, a first experiment (Table IV) showed a large difference 
between these two types of hydrolysis. After 8-glucuronidase hydrolysis, 


I 
8 


I I 
4 6 


I 
2 


HOURS 


Figure 2-Plasma concentrations of triclosan conjugated metabolites 
after oral administration of 25 mg oftriclosan. Key: A, glucuronide; @, 
glucuronide plus sulfate; and 0,  sulfate (by  difference). lo Vortex mixer. 
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Table IV-Free and Conjugated Triclosan (Micrograms per 
Milliliter) in Plasma after Human Experiment 1 


Hydrolysis with Hydrolysis with 
b’-G1ucuronidase Hydrochloric Acid, 


Total Isotope Dilution Isotope Dilution 
Hours Radioactivitv Analysis GLC Analysis 


2 1.11 0.56 0.56 1.00 
4 10.54 4.70 6.02 8.32 
8 8.28 2.73 3.85 7.05 


24 2.45 1.13 1.32 1.97 


however, GLC and isotope dilution analysis gave comparable results. The 
conjugate present in plasma was only partly a glucuronide. 


A second experiment (Table V) demonstrated that the same results 
were obtained by acid hydrolysis and by treatment with 0-glucuronidase 
and sulfatase. The second conjugate thus appeared to be a sulfate. 


Table V-Free and Conjugated Triclosan (Micrograms per 
Milliliter) in Plasma after Human Experiment 2 


Hydrolvsis by 
@-Glucu;onidase Hydrolysis by 


With Added Hydrochloric 
Volunteer Hours Alone Sulfatase Acid 


1 2 1.10 2.72 2.56 
6 0.36 1.36 1.34 
8 0.28 1.14 1.12 


2 2 1.18 2.62 2.46 
4 0.86 1.74 1.60 
6 0.46 1.15 1.08 
8 0.41 0.98 0.96 


Hydrolysis Reproducibility-Glucuronidase-sulfatase enzyme 
hydrolysis gives reproducible results. Acid hydrolysis may create prob- 
lems, which seem to be due to partial degradation of triclosan and the 
internal standard, to differing extents, during acid treatment. Therefore, 
enzyme hydrolysis is preferable. 


Application-The technique was applied to a study of the elimination 
of triclosan after oral administration to human subjects (Experiment 2). 
The concentrations of free triclosan were extremely low. The two con- 
jugated metabolites were eliminated at  the same rate, corresponding to 
a half-life of about 4 hr (Fig. 2). 


Conclusion-The proposed technique permits the quantitative assay 
of triclosan and its conjugated metabolites in human plasma and urine. 
It is specific, reproducible, and sufficiently sensitive for the determination 
of the absorption of triclosan in humans. 
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Abstract o To determine nadolol, a new 8-adrenergic blocking agent, 
in serum and urine, the drug is extracted into n-butyl acetate or ether 
from alkaline potassium chloride saturated samples. After back-ex- 
traction into 0.1 N HC1, the drug is oxidized with periodic acid the re- 
sulting aldehyde is coupled with o-phenylenediamine to produce a flu- 
orescent compound. The method can measure as little as 0.01 pg of na- 
dolol/sample. 


Keyphrases Nadolol-fluorometric analysis, human serum and urine 
0 Fluorometry-analysis, nadolol in human serum and urine 0 Anti- 
adrenergics-nadolol, fluorometric analysis in human serum and 
urine 


Nadolol (I), a new 0-adrenergic blocking agent, is des- 
ignated chemically as cis -5- [3- [( 1,l -dimethylethyl)- 


OCH~CHCH~NHUCHJ, 
I 


OH 


amino] -2-hydroxypropoxy] - 1,2,3,4-tetrahydro-2,3-naph- 
thalenediol. Its pharmacology (14, antiarrhythmic action 
(5-8), and specificity of action (9) were discussed pre- 
viously. 


For measuring microgram or nanogram levels of nadolol 
in human urine or serum, a sensitive method is needed. 
This paper describes a fluorometric method based on the 
oxidation of the drug with periodic acid and coupling of the 
resulting aldehyde with o-phenylenediamine. 


EXPERIMENTAL 


Apparatus-Fluorometric measurements were made in a spectro- 
fluorometer’ equipped with a colored filter2 and round microcells. 
Samples were shaken on a heavy-duty shaker3. Screw-capped, 150-mm 
test tubes and plastic caps with polypropylene linings4 were washed by 
shaking with 20 ml of 1 N HCI for 1 hr, rinsed three times with tap water 
and three times with distilled water, and then dried. 


I 


Perkin-Elmer model 204. 
Corning No. 3-73. 


3 Fisher cientific. 
4 Polyseal Corp. 
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Table V-Apparent Absorption Rate  of Procainamide in  Normal 
Volunteers 


Ka!  ko, 
Ka 3 Sustained Intravenous 


CaDsule. Release. Infusion, 
Subject h n - l  min-1 mg/min 


S.R. 0.0045 0.0034 29.3 
C.H. 0.0077 0.0046 37.6 
B.M. 0.0107 0.0058 33.1 - .. . .-. 


F.N. 0.0092 0.0045 29.9 
P.Gt. 0.0198 0.0040 42.0 
C.F. 0.0173 0.0036 31.1 
G.B. 0.0116 0.0022 60.1’’ 
P.R. 0.0866 0.0027 28.6 
T.C. 0.0693 0.0051 30.8 
P.Ga. 0.0866 0.0026 42 
L.D. 0.0462 0.0041 27.0 
Mean 0.0336 0.0039 33.1 
SEM 0.0098 0.0003 1.7 


This value was not used in the calculation of the mean ko since when it was 
deleted it fell more than 5 SD above the mean. 


CONCLUSIONS 


1. I t  seems to be possible to delay the in uiuo absorption rate of pro- 
cainamide in humans a t  least an order of magnitude and still achieve 
satisfactory bioavailability. 


2. The method of Loo and Riegelman seems to be satisfactory for the 
estimation of absorption rate constants for procainamide in humans. 


3. Plasma procainamide levels following a brief intravenous infusion 
were well described by a biexponential equation. 


4. Therapeutic blood levels may be achieved with the sustained-release 
tablet with doses of approximately 1-2 g (four tablets) every 6-8 hr. 
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Liposomal Entrapment of Floxuridine 


STEPHEN P. SIMMONS and PAUL A. KRAMER” 


Abstract 0 Floxuridine was found to have an apparent initial entrap- 
ment within negatively charged sphingomyelin liposomes about three 
times higher than its parent, fluorouracil. The drug also diffused out of 
the liposomes a t  a much lower rate than fluorouracil. Substitution of 
lecithin for sphingomyelin destroyed the effect. Liposomal entrapment 
may provide enhanced stability and decreased toxicity of floxuridine, 
permitting wider therapeutic utilization of pyrimidine nucleosides. 


Keyphrases 0 Floxuridine-entrapment within sphingomyelin and 
lecithin liposomes, compared to fluorouracil 0 Liposomes, sphingomyelin 
and lecithin-entrapment of floxuridine, compared to fluorouracil 
Antitumor agents-floxuridine, entrapment within sphingomyelin and 
lecithin liposomes, compared to fluorouracil 


The actual inhibitor of thymidylate synthetase and, 
hence, DNA biosynthesis in tumor growth inhibition by 
fluorouracil (I) is 2’-deoxy-5-fluorouridine 5’-monophos- 
phate (11) (1). Floxuridine (2’-deoxy-5-fluorouridine) (111) 
is a better precursor of I1 than I, as evidenced by the fact 
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that it is lo3 times as effective in inhibiting DNA thymine 
synthesis in Ehrlich ascites cells in uitro (2) and is a more 
effective carcinostatic agent against both Ehrlich ascites 
and Sarcoma-180 in uiuo (3). This increased intrinsic ac- 
tivity is not translated into increased effectiveness in hu- 
mans, because I11 is degraded to its constituent pyrimidine 
and sugar moieties by nucleoside phosphorylases in serum 
and tissues (4). Attempts a t  stabilization have included 
chemical modification of the drug itself as well as the ad- 
dition of deoxyribose donors and enzyme inhibitors to 
suppress the degradation reaction ( 5 , 6 ) .  


One might expect the encapsulation of I11 within the 
aqueous compartments of phospholipid vesicles (lipo- 
somes) to be of utility in this regard. The protective lipid 
sheath might prevent enzymatic degradation in serum and 
reduce the toxicity of the drug by excluding it from regions 
such as the GI tract. Previous workers reported difficulty 
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Figure 1-Diffusion of sucrose (A), floxuridine (B), and fluorouracil 
(C) from sphingomyelin liposomes. The  sphingomyelin-cholesterol- 
dicetyl phosphate ratio was 4.8:2.8:1.0, and the lipid-aqueous phase 
ratio was 70:l. T h e  zero-time value of 100% represents initial entrap- 
ment after 4 hr  o f  swelling a t  25’ plus 15 min  of sonication. All other 
values are percentages of this initial quantity that remained entrapped 
after incubation of the liposomes for various times at 25’. Plotted points 
are mean fSEM for three determinations. 


EXPERIMENTAL 


Materials-Sphingomyelinl (bovine brain), egg lecithin2, and dicetyl 
phosphate3 were used as received. Fluor~uracil~,  floxuridine5, sucrose6, 
and cholesterol5 were mixed with 6-3H-fluorouraci17 (26 Ci/mmole), 6- 
3H-floxuridine7 (2.3 Ci/mmole), 6,6’(n)-3H-sucrose7 (3.6 Ci/mmole), and 
4-14C-cholestero17 (47.2 mCi/mmole) (5 pCi/ml), respectively, prior to 
use. Spectral grade chloroform was used to dissolve the lipids, and all 
water was double distilled in an all-glass system. 


Liposome Preparation-Liposomes were prepared from chloroform 
solutions of phospholipid (egg lecithin or sphingomyelin), cholesterol 
(sometimes 4-14C-labeled), and dicetyl phosphate in molar ratios of 7:2:1 
or 4.82.81. The lipids were evaporated under vacuum to a thin film on 
a 10-ml pear-shaped flask, and an isotonic, buffered (pH 6.0, 0.01 M 
phosphate) solution of tritiated sucrose, fluorouracil, or floxuridine (0.077 
M) was added. The lipid-aqueous phase ratios used were 50 and 70 
pmoles of lipid/ml of buffer. 


A small number of 0.5-mm glass beads was added, and the lipids were 
dispersed by vortexing8 for 2 min. After a 2-hr “swelling period” at  25”, 
the vesicles were sonicated in a bath sonicatorg for 15 min at  15’. They 
were held a t  25’ for an additional 2 hr and then separated from unen- 
trapped drug by chromatography on a 1.5 X 16-cm columnlo. The lipo- 
soma1 eluate was pooled, and the drug content was taken as a measure 
of “initial” entrapment. The liposomes obtained had a diameter range 
of 0.5-5.0 pm. 


Quantitative determination of drugs and liposomal cholesterol was 
accomplished by liquid scintillation counting”. Drug release kinetics were 
determined by removing aliquots of liposomes from the pool at  various 
sampling times, rechromatographing to remove released drug, and 
counting the liposome fractions upon elution from the column. 


RESULTS AND DISCUSSION 


Table I shows the initial entrapment percentages as a function of drug 
and lipid composition of the liposome. These percentages depend upon 
lipid-aqueous phase ratios and molar ratios of constituents of the vesicle 
as expected. Sucrose was used as a nearly nondiffusable marker to indi- 
cate liposome integrity. Increasing the total lipid content and the relative 
quantity of cholesterol enhanced entrapment of both floxuridine and 
sucrose. These materials were entrapped to about the same extent when 
sphingomyelin was the phospholipid, but the entrapment of floxuridine 
relative to sucrose decreased dramatically when lecithin was substitut- 
ed. 


Increased unsaturation and melting of the acyl side chains were re- 
ported to increase the rate of diffusion of both charged and uncharged 
solutes through phospholipid membranes (9). The fact that sphin- 
gomyelin has a gel-liquid crystalline phase transition temperature of 40” 
(10) while egg lecithin vesicles “melt” a t  -15’ (11) may account for the 
observed results. Fluorouracil was apparently entrapped within sphin- 
gomyelin liposomes about three times less extensively than floxuridine, 
but this finding could be an anomalous result produced by the arbitrary 
definition of “initial” entrapment. 


Figure 1 depicts the release of sucrose, floxuridine, and fluorouracil 
from sphingomyelin liposomes at  25’ over nearly 2 days. The liposomal 
preparation used was that providing the best initial entrapment (Table 
I). Sucrose was nearly completely retained, as expected. Fluorouracil 
diffused out with a very high initial rate, high enough to perhaps account 
for the apparently lower initial entrapment which was actually measured 
more than 4 hr after swelling began. At least for sphingomyelin liposomes, 
the hydrogen-bonding hydroxyl groups on the deoxyribose moiety of 
floxuridine prevent its rapid diffusional loss, as evidenced by the im- 
proved rt?tention of floxuridine within sphingomyelin liposomes. This 
effect is in accord with previous observations by Cohen (121, who con- 
cluded that retention of materials within the aqueous interstices of li- 
posomes was directly related to the ability of the material to hydrogen 
bond. The kinetics of diffusion of drug from these multiconcentric spheres 


retaining I within liposomes (7,8). The distribution of I in 
the rat was favorably altered toward exclusion of the drug 
from GI tissues, even though there was pronounced dif- 
fusion of drug from liposomes to plasma (8). The present 
studies were undertaken to determine if the more hydro- 
philic deoxyribose derivative might be a better candidate 
for liposomal delivery. 


Pierce Chemical Co., Rockford, Ill. 
Grand Island Biological Co., Grand Island, N.Y. 
K & K Labs, Plainview, N.Y. ‘ Aldrich Chemical Co., Milwaukee, Wis. 
Sigma Chemical Co., St. Louis, Ma. 
Mallinckrodt Chemical Works. ’ Schwartz-Mann, Orangeburg, N.Y. 
Vortex-Genie, Scientific Industries, Springfield, Mass. 
Eighty watts, 60 Hz, Heat Systems Ultrasonics, Plainview, N.Y. 


lo Sephadex G-50 (coarse), Pharmacia Fine Chemicals, Piscataway, N.J. 
l1 Beckman model LS-250. 
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Table I-Initial EntraDment of Floxuridine in Liposomes 


Vesicle Composition 


Percent Entrapped” 


Lipid Ratio Sucrose Floxuridine Fluorouracil 


Sphingomyelin-cholesterol-dicetyl phosphate 4.82.81.0b 14.3 f 1.lC 11.9 f 2.5‘ 3.6 f 0.3‘ 


Sphingomyelin-cholesterol-dicetyl phosphate 7.0:2.0: 1 .Od 
Lecithin-cholesterol-dicetyl phosphate 4.8:2.81.0b 8.0 0.87 1.0 


Lecithin-cholesterol-dicetyl phosphate 7.02.01.0d 4.1e 0.34p - 


4.3e 3.0e - 


a Measured after 2 min of vortexing, 2 hr of swelling at  25”, 15 min of sonication, and a second 2 hr of swelling a t  25’. Seventy micromoles of lipid/ml of aqueous phase. 
c Mean f SEM (three determinations). d Fifty micromoles of lipid/ml of aqueous phase. Average of two determinations. 


are complex and not first order. The data are plotted on a semilogarithmic 
plot only as a convenient method for visualizing the relative differences 
observed. 


There is considerable rationale for the entrapment of fluorouracil 
within liposomes and, as mentioned, retention has been a problem. The 
present results indicate that floxuridine is retained far better when 
sphingomyelin liposomes are used, and several other benefits, such as 
higher intrinsic activity against some cancers, favor the nucleoside. 
Preliminary results in these laboratories indicate that, after intraperi- 
toneal administration to mice bearing L-1210 leukemia in the ascites 
form, the liposomes and their floxuridine content are avidly engulfed by 
the L-1210 cells, with large quantities of floxuridine concentrating in the 
cells. Further studies are in progress to ascertain the effect of such ad- 
ministrations on the survival times of tumor-bearing mice. 
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Inhibition of Catechol O-Methyltransferase and 
Transfer RNA Methyltransferases by Coralyne, 
Nitidine, and Related Compounds 


JOHN W. LEE, JOHN 0. MacFARLANE, 
ROBERT K. Y. ZEE-CHENG, and C. C. CHENG” 


Abstract Inhibitory activity against both catechol O-methyltrans- 
ferase and transfer RNA methyltransferases was observed among the 
antileukemic alkaloids coralyne, nitidine, and related synthetic alkoxy 
analogs. Inhibition of both classes of enzymes seems to have a similar 
profile. The role of water solubility of these compounds with regard to 
their enzyme inhibitory activity was noted. 


Keyphrases Catechol O-methyltransferase-activity, effect of co- 
ralyne, nitidine, and related compounds, rat liver homogenate o tRNA 
methyltransferase-activity, effect of coralyne, nitidine, and related 
compounds, rat liver homogenate Enzyme activity-catechol 0- 


Experimental evidence (1-9) has substantiated the 
observation of higher transfer RNA (tRNA) methyl- 
transferase activity in fetal or malignant tumor tissue than 
in normal or benign tumor tissue. Also, certain chemical 
carcinogens increased tRNA methyltransferase activity 


methyltransferase and tRNA methyltransferase, effect of coralyne, ni- 
tidine, and related compounds, rat liver homogenate 0 Coralyne-effect 
on catechol O-methyltransferase and tRNA methyltransferase activity, 
rat liver homogenate Nitidine-effect on catechol O-methyltransferase 
and tRNA methyltransferase activity, rat liver homogenate 0 Alkaloids, 
antileukemic-coralyne, nitidine, and related compounds, effect on 
catechol O-methyltransferase and tRNA methyltransferase activity, rat 
liver homogenate Structure-activity relationships-effect of coralyne, 
nitidine, and related compounds on catechol O-methyltransferase and 
tRNA methyltransferase activity, rat liver homogenate 


(10,ll).  These aberrant methylating enzymes may differ 
qualitatively from the regular tRNA methyltransferase in 
their specificity of action (12, 13). Certain oxygen-con- 
taining compounds possessing antileukemic activity may 
be tRNA 2’-O-methyltransferase inhibitors, and this 
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Anthelmintic Dihydroquinoxalino[ 2,3-b]quinoxalines 


MICHAEL H. FISHERX, AINO LUSI, and JOHN R. EGERTON 


Abstract 0 A series of dihydroquinoxalino[2,3-b]quinoxalines was 
synthesized and tested for anthelmintic activity in a model assay. The 
most promising compound, 5,12-diacetyl-5,12-dihydroquinoxalino[2,3- 
blquinoxaline, was orally effective in sheep at  a dose of 200 mg/kg against 
a broad range of helminths. 


Keyphrases 0 Quinoxalines, substituted-synthesized, anthelmintic 
activity evaluated Dihydroquinoxalino[2,3-b]quinoxalines, substi- 
tuted-synthesized, anthelmintic activity evaluated Anthelmintic 
activity-evaluated in series of substituted dihydroquinoxalino[2,3- 
blquinoxalines 0 Structure-activity relationships-series of substituted 
dihydroquinoxalino[2,3-b]quinoxalines evaluated for anthelmintic ac- 
tivity 


In the continuing search for anthelmintic agents of novel 
structure, dihydroquinoxalino[2,3-b]quinoxaline showed 
erratic but definite anthelmintic activity in a preliminary 
assay. Therefore, several analogs were synthesized and 
tested for anthelmintic efficacy. 


RESULTS AND DISCUSSION 


Fluoflavin was first prepared by Hinsberg and Pollak (l), who for- 
mulated the structure as 5,12-dihydroquinoxalino[2,3-b]quinoxaline (I). 
Since then, there has been considerable speculation as to whether the 
compound is more accurately represented by the tautomeric 5,ll-dihydro 
structure, 11. A spectroscopic study (2) indicated that the 5,12-dihydro 
structure, I, is the most probable, and it is used for fluoflavin derivatives 
in this report. Derivatives having substituents in the benzo rings also may 
have ambiguous structures; no attempt was made to establish their exact 
structures. 


The new compounds prepared are listed in Tables I and I1 together 
with some previously described compounds. Synthetic procedures, 
generalized where possible, are described under Experimental. All de- 
rivatives were synthesized by reacting appropriately substituted 1,2- 
phenylenediamines with 2,3-dichloroquinoxalines over sodium carbonate 
in refluxing dimethylformamide (3) (Scheme I). Acylation was generally 
accomplished by long heating in a large excess of the anhydride. Alter- 
natively, conventional acylation with the acyl halide in pyridine was 
possible. 


The diformyl derivative could only be prepared with 100% formic acid 
and N,N'-dicyclohexylcarbodiimide. Reduction of the nitro derivative 
(XXVIII) with hydrogen over palladium-on-carbon gave the amine 
(XXIX), which was acylated with methyl chloroformate to the carbamate 
(XXX). Oxidation of I with hydrogen peroxide in trifluoroacetic acid gave 
quinoxalino[2,3-b]quinoxaline 5,11-dioxide (XLIII), previously described 
by Kuhn and Skrabal(4) as the sole product isolated. 


I1 I 


+ 
H 


k=O 
I 


I c=o 
I 


Rz H 
Scheme I 


Biological results (the lowest oral doses demonstrating activity) are 
shown in Tables I and 11. Compounds were tested for anthelmintic ac- 
tivity against Trichostrongylus in a standard laboratory animal model 
assay (5). The most potent compounds in the series, VIII-X, were lower 
acyl derivatives of the unsubstituted I. 


The nonacylated compounds were all extremely insoluble; since I 
showed erratic but definite activity at 400 mgkg, the main contribution 
of acylation was to achieve better absorption and distribution of the in- 
trinsically active ring system. Acylation with groups larger than propionyl 
diminished activity, as did any of the ring substitutions tried. The aro- 
matic analog (XLII) was inactive, but its bis(N-oxide) derivative (XLIII) 
was surprisingly among the most active compounds in the series. 5,12- 
Diacetyl-5,12-dihydroquinoxalino(2,3- blquinoxaline (IX) was selected 
as the most promising and evaluated for anthelmintic efficacy in sheep. 
A t  an oral dose of 200 mg/kg, it was effective against Haemonchus con- 
tortus, Ostertagia circumeincta, Trichostrongytus axei, Trichostrongylus 
colubriformis, and Cooperia sp. 


EXPERIMENTAL' 


Method A: 2-Methoxy-5,12-dihydroquinoxalino[2,3- blquinoxa- 
line (XXII1)-A suspension of 20.0 g (0.144 mole) of 4-methoxy-1,2- 
phenylenediamine, 28.8 g (0.144 mole) of 2,3-dichloroquinoxaline, and 
15.3 g (0.144 mole) of sodium carbonate in 100 ml of dimethylformamide 
was refluxed for 5 hr and then cooled to room temperature. The product 
was filtered off and crystallized from acetic acid, 23.1 g (60.3%), mp 
>340°. 


1 Melting points were taken on a Thomas-Hoover Unimelt apparatus and are 
uncorrected. 
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Table 11-Quinoxalino[ 2,3-b ] quinoxalines 


Compound Structure 


Anthelmintic 
Synthetic Activity a ,  
Method Melting Point mglkg 


XLII 


P 
XLIIIC 


C b  > 350", > 350" (1) 


Fd > 350" 


NA 


100 


0 


a N A  = not active a t  400 nigikg. b S e e  Ref. 1. C,4i1al.-Calc. for C,,H,,N,O,: C ,  63 .63;H,  3 .05;N,  21.20. Found: C,  63.46;H,  3.00;N, 21.09.dSee 
Ref. 4. The melting point was not given. 


Method B: 5,12-Diacetyl-5,12-dihydroquinoxalino[2,3- blquin- 
oxaline (1X)-A suspension of 1.0 g (0.004 mole) of I in 50 ml of acetic 
anhydride was refluxed for 20 hr until a clear solution was obtained. 
Excess acetic anhydride was evaporated, and the residue was crystallized 
from ethyl acetate, 0.95 g (70?6), mp 203-204'. 


5,12 - Diformyl -5.12- dihydroquinoxalino[2,3 - b]quinoxaline 
(VII1)-A mixture of 2.3 g (0.01 mole) of I, 0.94 g (0.02 mole) of 98-100% 
formic acid, and 4.12 g (0.020 mole) of N,N'-dicyclohexylcarbodiimide 
in 100 ml of dry dioxane was heated at 100' for 22 hr and then cooled. The 
dicyclohexylurea was filtered off, and the filtrate was evaporated. The 
residue was dissolved in benzene and filtered, and petroleum ether was 
added to the filtrate to crystallize the product, 1.1 g (37.9%), mp 225'. 


5,12 - Dibenzoyl -5.12- dihydroquinoxalino[2,3 - blquinoxaline 
(XII1)-A mixture of 1.0 g (0.004 mole) of I and 2 ml of benzoyl chloride 
in 10 ml of pyridine was allowed to stand at room temperature for 3 days. 
Addition of petroleum ether precipitated the product, which was crys- 
tallized from ethyl acetate, 0.23 g (12?6), mp 219-220'. 
8-Amino-L,12-diacetyl-5,12-dihydroquinoxalino[ 2.3- blquinoxa- 


line (XX1X)-A suspension of 1.09 g (0.0030 mole) of 5,12-diacetyl-8- 
nitro-5,12-dihydroquinoxalino[2,3-b]quinoxaline (XXVIII) and 0.11 g 
of palladium-on-carbon in 50 ml of dimethoxyethane was reduced with 
hydrogen at  25 psi. After filtration and evaporation of the solvent, the 
residue was crystallized from a mixture of ethyl acetate and ether, 300 
mg (33%), mp 192-196'. 


Methyl N-(5,12-Diacetyl-5,12-dihydroquinoxalino[2,3-b]- 
quinoxalin-8-y1)carbamate (XXX)-A solution of 0.74 g (0.0022 mole) 
of XXIX in 12.5 ml of pyridine was acylated by treatment with 2 g of 
methyl chloroformate at  room temperature for 90 hr. The product was 
precipitated by addition of water and crystallized from methylene 
chloride, 0.125 g (14%), mp 229-2.91'. 
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Molecular Connectivity and Steric Parameters 


WALLACE J. MURRAY 


Abstract The possible relationship between molecular connectivity 
indexes,mx, and E,, a thermodynamically derived parameter used to 
estimate steric effects in organic reactions and sometimes used in bio- 
logical structure-activity relationships, was investigated. The extended 
x terms, 2 x ,  3 x ,  and * x ,  were correlated significantly to E, (r = 0.961). 
Aralkyl esters deviated from the correlations, possibly due to intramo- 
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The way atoms are connected to one another in a com- 
pound must ultimately influence the compound's physical 


and chemical properties. Changes in chemical structure 
most often lead to changes in biological activity. In corre- 
lating chemical structure and biological activity, statistical 
regression analyses, in which various physicochemical 
properties are used as surrogates for chemical structure, 
are used. These analyses have been called quantitative 
structure-activity relationships. The use of this term is 
unfortunate, since the properties of a molecule are not a 
description of the structure but rather are consequences 
of the structure. One is not relating structure to property 
but property to property. Norrington et al. (1) suggested 
the use of the term property-activity relationships to 
differentiate these methods from structure-based ones 
such as methods employing quantum mechanical calcu- 
lations or the Free and Wilson approach (2). 
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Table 11-Quinoxalino[ 2,3-b ] quinoxalines 


Compound Structure 


Anthelmintic 
Synthetic Activity a ,  
Method Melting Point mglkg 


XLII 


P 
XLIIIC 


C b  > 350", > 350" (1) 


Fd > 350" 


NA 


100 


0 


a N A  = not active a t  400 nigikg. b S e e  Ref. 1. C,4i1al.-Calc. for C,,H,,N,O,: C ,  63 .63;H,  3 .05;N,  21.20. Found: C,  63.46;H,  3.00;N, 21.09.dSee 
Ref. 4. The melting point was not given. 


Method B: 5,12-Diacetyl-5,12-dihydroquinoxalino[2,3- blquin- 
oxaline (1X)-A suspension of 1.0 g (0.004 mole) of I in 50 ml of acetic 
anhydride was refluxed for 20 hr until a clear solution was obtained. 
Excess acetic anhydride was evaporated, and the residue was crystallized 
from ethyl acetate, 0.95 g (70?6), mp 203-204'. 


5,12 - Diformyl -5.12- dihydroquinoxalino[2,3 - b]quinoxaline 
(VII1)-A mixture of 2.3 g (0.01 mole) of I, 0.94 g (0.02 mole) of 98-100% 
formic acid, and 4.12 g (0.020 mole) of N,N'-dicyclohexylcarbodiimide 
in 100 ml of dry dioxane was heated at 100' for 22 hr and then cooled. The 
dicyclohexylurea was filtered off, and the filtrate was evaporated. The 
residue was dissolved in benzene and filtered, and petroleum ether was 
added to the filtrate to crystallize the product, 1.1 g (37.9%), mp 225'. 


5,12 - Dibenzoyl -5.12- dihydroquinoxalino[2,3 - blquinoxaline 
(XII1)-A mixture of 1.0 g (0.004 mole) of I and 2 ml of benzoyl chloride 
in 10 ml of pyridine was allowed to stand at room temperature for 3 days. 
Addition of petroleum ether precipitated the product, which was crys- 
tallized from ethyl acetate, 0.23 g (12?6), mp 219-220'. 
8-Amino-L,12-diacetyl-5,12-dihydroquinoxalino[ 2.3- blquinoxa- 


line (XX1X)-A suspension of 1.09 g (0.0030 mole) of 5,12-diacetyl-8- 
nitro-5,12-dihydroquinoxalino[2,3-b]quinoxaline (XXVIII) and 0.11 g 
of palladium-on-carbon in 50 ml of dimethoxyethane was reduced with 
hydrogen at  25 psi. After filtration and evaporation of the solvent, the 
residue was crystallized from a mixture of ethyl acetate and ether, 300 
mg (33%), mp 192-196'. 


Methyl N-(5,12-Diacetyl-5,12-dihydroquinoxalino[2,3-b]- 
quinoxalin-8-y1)carbamate (XXX)-A solution of 0.74 g (0.0022 mole) 
of XXIX in 12.5 ml of pyridine was acylated by treatment with 2 g of 
methyl chloroformate at  room temperature for 90 hr. The product was 
precipitated by addition of water and crystallized from methylene 
chloride, 0.125 g (14%), mp 229-2.91'. 
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The way atoms are connected to one another in a com- 
pound must ultimately influence the compound's physical 


and chemical properties. Changes in chemical structure 
most often lead to changes in biological activity. In corre- 
lating chemical structure and biological activity, statistical 
regression analyses, in which various physicochemical 
properties are used as surrogates for chemical structure, 
are used. These analyses have been called quantitative 
structure-activity relationships. The use of this term is 
unfortunate, since the properties of a molecule are not a 
description of the structure but rather are consequences 
of the structure. One is not relating structure to property 
but property to property. Norrington et al. (1) suggested 
the use of the term property-activity relationships to 
differentiate these methods from structure-based ones 
such as methods employing quantum mechanical calcu- 
lations or the Free and Wilson approach (2). 
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Table I-Ester Hydrolysis Data a versus Molecular Connectivity 
Index 


0 
R - F  


'OC?H. 


log klko log klko 
R 'X (obs) (calc) 


0.000 1.24 0.58 
0.707 0.00 0.38 
1.207 -0.07 -0.04 
1.707 -0.36 -0.58 
2.207 -0.39 -n.fifi - _. . 


2.707 -0.40 -0.71 
2.563 -0.35 -0.84 
2.264 -0.38 -0.93 
2.764 -0.43 -0.53 
3.264 
1.563 
3.225 
2.063 
3.725 
2.100 
3.185 
3.315 
1.854 


-0.45 -1.22 
-0.47 -0.43 
-0.79 -0.30 
-0.93 -1.23 
-0.98 -1.27 
-1.13 -1.28 
-1.19 -1.58 
-1.50 -1.71 
-1.54 -0.99 


4.808 -1.76 -1.73 
(CH3CHz)zCH 2.639 -1.98 -1.32 
CsH5CH=CH 2.941 -1.99 -1.17 
C6H5 2.265 -2.55 -0.93 


Data from Ref. 15. 


BACKGROUND 


Attempts have been made to develop a numerical description of a 
molecule derived not from experimental measurements of a property but 
from knowledge of the molecular structure itself (3-5). The molecular 
topological approach transcribes molecular structure into a topological 
graph from which is derived a number, the topological index. Attempts 
are then made to correlate these indexes to physicochemical properties. 
One such correlation, suggested by Randit. (6) to describe the effects of 
branching, subsequently was developed into the molecular connectivity 
index, x (7). 


Molecular connectivity is a term used to describe molecular structure 
in terms of the attachments of constituent atoms in a molecule. Knowing 
the manner in which the atoms are attached permits calculation of x, 
which seemingly encodes within it the additive and constitutive natures 
of a molecule. In a series of studies (7-101, x was correlated significantly 
to several physicochemical properties. 


One physicochemicaf property that correlated in a highly significant 
manner with x ( r  > 0.9990) is molar refraction (5,7). This property, often 
used in property-activity relationships (ll), reflects the bulk or steric 
nature of a group (11,12). Since x shows such significant correlation to 
one steric parameter useful in property-activity relationships, its cor- 


relation with another parameter used to estimate steric effects, the E, 
value of Taft (13), was investigated and is the subject of this report. 


The parameter E, has been particularly useful in reactions where the 
substituent is near the reaction center. It also was employed in prop- 
erty-activity relationship studies (14), but its usefulness is limited by 
the lack of experimental data. By showing a correlation between x or 
extended terms of x, it might be feasible to use these terms as estimators 
of steric hindrance terms in structure-activity relationships. 


It seemed plausible that use of extended terms in x ("x) might be 
especially likely to yield good correlations, since these terms allow the 
inclusion of cluster subgraphs (5). Clusters of substituents around a re- 
action center would seem logically important in determining E, 
values. 


EXPERIMENTAL 


Chi (x) terms are computed from a hydrogen-suppressed formula or 
graph of the molecule. The simplest term, designated lx and called a 
connectivity x, is computed by: 


lx = -j-(s.a.)-'/Z I J  (Eq. 1) 


where the sum is over all connections or edges in the hydrogen-suppressed 
graph, and 6,  and 13j are numbers assigned to each atom reflecting the 
number of atoms adjacent or connected to atoms i and j ,  which are for- 
mally bonded. The nature of the atom is not considered in the calcula- 
tion. 


An extended term of x of the order 2x is computed from: 


(Eq. 2) 


where i, j ,  and k are atoms bonded in sequence or in a path, and the sum 
is over all distinct sets of two-edge paths. In general, extended terms of 
x ,  '"xp, are computed for linear paths, p ,  of m bonds by: 


(Eq. 3) 


where n, is the number of paths with m edges, and s identifies a partic- 
ular subgraph. 


Terms describing nonlinear arrangements of bonds such as clusters 
of three bonds, 3 x ~ ,  and circuits (or chains) of six.atoms, 6 x ~ ~ ,  are 
computed in the same way. Examples of these extended term calculations 
are shown in Ref. 10. 


Briefly, the nature of x may be summarized by stating that it is a 
nonempirical, simply computed number (or numbers) that is a weighted 
count of bonds and connected sets of bonds. The weighting is based on 
the connectivity of each atom in a bond formula or graph of the molecule. 
The expectation is that x or terms of x encode within them structural 
information that is adequate to relate to numerous geometrical, physical, 
and even biological properties. 


RESULTS AND DISCUSSION 


To quantitate the steric effect of substituents on reactions rates, Taft 
(15) studied the esterification and hydrolysis rates of a series of aliphatic 


Table 11-Aliphatic E, Values versus Molecular Connectivity Indexes 'OC,H, 


R E, (obs b ,  Es (calc) l X  2X 3x 4x 
CH3 0.00 0.27 0.707 0.000 0.000 0.000 
CH3CHz -0.07 0.04 1.207 0,500 0.000 0.000 
(CHdzCH -0.47 -0.37 1.563 1.394 0.000 O.OO0 
(CH3)3C -1.54 -0.92 1.854 2.561 0.000 0.000 
CH3(CHz)z -0.36 -0.60 1.707 0.854 0.354 0.000 
CH3(CHz)3 -0.39 -0.87 2.207 1.207 0.604 0.250 
(CH3CHz)zCH -1.98 -1.81 2.639 1.683 0.866 0.289 
CHdCHd4 -0.40 -0.73 2.707 1.561 0.854 0.427 
(CH3)zCHCHzCHz -0.38 -1.36 2.563 2.036 0.781 0.408 


(CH3CHzCHz)zCH -2.11 -1.87 3.639 2.443 1.394 0.961 
(CH3)2CHCHzCH(CH3) -1.85 -1.88 3.247 3.462 0.961 1.045 
(CH3)&HCHzCHCHz(CH3)2 -2.47 -2.51 4.625 4.072 1.971 1.633 
(CHd3CCH C(CH3)z -2.57 -1.78 3.561 5.109 1.362 1.436 
[ ( W M % $ Z C H  -3.18 -3.50 4.932 6.030 1.802 1.804 


(CH3CHd3C -3.80 -4.22 3.536 2.561 2.250 0.750 
(CHB)~CHZC(CH~)C(CH~)~ -4.00 -3.72 4.811 6.548 2.731 1.436 


(CH3)3CCH2 -1.74 -2.06 2.354 2.811 0.750 0.000 


(CH3)3CC( H3)z -3.90 -3.28 3.104 4.134 2.030 0.000 


a Since the functional group COOCzH6 remains constant, a connection value, 6 = 2, was arbitrarily assigned to this group to facilitate calculations. * Data from Ref. 
11. 
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and aryl esters. These studies led to the linear free energy-derived pa- 
rameters, E,, which are measures of the influence of steric factors asso- 
ciated with substituents in reaction rates. 


Logically, groups clustering around a reaction center, e.g., the 
C(=O)O- group of esters, will have the greatest influence on reaction 
rates dependent on steric effects. Extended x terms, e.g., 2x and 3x, 
should reflect this clustering; therefore, a good correlation of E, with these 
parameters should be expected. 


The original hydrolysis data of a mixture of esters were examined first 
(Table 1) (15). These data did not give a good correlation with any x term. 
The best correlation was given when extended x terms were utilized: 


Es = -0.566(f0.235)’~ - 1.22(f0.548I3x 
+ 2.14(i0.880)4x + 0.387(f0.304) (Eq. 4) 


r = 0.738 s = 0.610 n = 22.0 


This quality of correlation was not as high as expected and did not 
match previous correlations with other physicochemical properties 
(7-10). The problem is complex because combined with the purely to- 
pological aspect is a variable influence due to interactions across space. 
Since i t  was suspected that the aryl esters were leading to  anomalous 
results, the aryl esters were deleted and the E,  values for 18 aliphatic 
esters were examined (13). Table I1 lists the data of E,, their extended 
x terms, and calculated E,  values using the equation giving the best 
fit. 


The resulting correlation equations, correlation coefficients, and 
standard errors are: 


E, = -0.976(f0.135)’~ + 0.991(&0.397) 


h, = -1.161(i0.185)3~ - 0.056(*0.231) 


(Eq. 5) 


0%. 6) 


r = 0.868 s = 0.768 n = 19 


r = 0.904 s = 0.662 n = 19 


E,s = -0.218(f0.018)2x - 1.24(*0.261)3~ + 0.138(&0.241) (Eq. 7) 
r = 0.922 s = 0.620 n = 19 


E, = -0.544(~k0.133)~~ - 1.40(f0.199)3~ 
+ 1.09(4~0.328)~~ + 0.403(f0.208) (Eq. 8) 


r = 0.961 s = 0.460 n = 19 


The index ‘x does not give a good correlation with E, ( r  = 0.868) and 
reflects primarily path length and, in general, steric bulk characteristics. 
It does not represent adequately steric influence around a reactive site. 
In terms of single x parameters, 3% gave the best correlation (r = 0.904, 
s = 0.662). A dual-parameter fit with 2x and 3x improved the correlation 
( r  = 0.922, s = 0.620), and the three-parameter equation with 2x, 3x, and 
4x gave the best correlation ( r  = 0.961, s = 0.460). 


These data suggest that extended x terms are a good measure of in- 
tramolecular steric effects, especially when substituents are surrounding 
the reaction center and especially for aliphatic substituents. Previous 
high correlations with molar refraction (5,7) indicate that ’x terms give 
adequate representation of general bulk or steric bulk characteristics. 


The poor correlation of x terms with the aryl esters might be explained 
as follows. The aryl esters were of the form CcHs(CHz),COOR, where 
n varied from 1 to 3. With sufficient flexibility, there is a possibility for 
the ester group to fold over the aromatic ring, enabling the *-electrons 
of the phenyl ring to interact with the ester functional group (Structure 
I). This intramolecular interaction might be sufficient to affect hydrolysis 
of the ester moiety. 


Several studies (16,17) reported a similar problem when investigating 
the effects of the side chains of phenylpropyl derivatives on partition 
coefficients. The interaction of the side-chain substituent with the x- 
electrons of the phenyl ring was suggested to result in a folding together 
of these two portions of the molecule, leading to a more compact structure 
and a greater than expected water solubility (16). 


0 
I1 


I 
The use of extended x terms a:; a measure of the effect of clustering 


about a reaction center or potentiall pharmacophoric group is a potentially 
powerful structure-activity relationship tool in drug analysis. For ex- 
ample, if a drug molecule possesses a site particularly susceptible to 
metabolic attack, e.g., an ester group, calculation of x cluster terms about 
that group should reflect the relahive effect of steric hindrance of im- 
mediate neighbors on metabolic attack. Another possible application 
could be the determination of the effect of steric hindrance about a 
pharmacophoric group affecting !.he approach of drug to  receptor fea- 
tures. 


Structure-activity relationships in which lx terms are significantly 
correlated to biological activity might be viewed as reflecting a generalized 
dependence of activity on bulk, since ‘ x  was correlated significantly to 
molar refraction (7). It could also reflect a dependence on solubility or 
partitioning ability since ‘x also showed a significant correlation with 
these properties (8,9). If, however, biological activity correlated signifi- 
cantly with extended x terms, e.g., 3x, then one should suspect the in- 
fluence of steric hindrance effects about some pharmacophoric group. 
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Table IV-Free and Conjugated Triclosan (Micrograms per 
Milliliter) in Plasma after Human Experiment 1 


Hydrolysis with Hydrolysis with 
b’-G1ucuronidase Hydrochloric Acid, 


Total Isotope Dilution Isotope Dilution 
Hours Radioactivitv Analysis GLC Analysis 


2 1.11 0.56 0.56 1.00 
4 10.54 4.70 6.02 8.32 
8 8.28 2.73 3.85 7.05 


24 2.45 1.13 1.32 1.97 


however, GLC and isotope dilution analysis gave comparable results. The 
conjugate present in plasma was only partly a glucuronide. 


A second experiment (Table V) demonstrated that the same results 
were obtained by acid hydrolysis and by treatment with 0-glucuronidase 
and sulfatase. The second conjugate thus appeared to be a sulfate. 


Table V-Free and Conjugated Triclosan (Micrograms per 
Milliliter) in Plasma after Human Experiment 2 


Hydrolvsis by 
@-Glucu;onidase Hydrolysis by 


With Added Hydrochloric 
Volunteer Hours Alone Sulfatase Acid 


1 2 1.10 2.72 2.56 
6 0.36 1.36 1.34 
8 0.28 1.14 1.12 


2 2 1.18 2.62 2.46 
4 0.86 1.74 1.60 
6 0.46 1.15 1.08 
8 0.41 0.98 0.96 


Hydrolysis Reproducibility-Glucuronidase-sulfatase enzyme 
hydrolysis gives reproducible results. Acid hydrolysis may create prob- 
lems, which seem to be due to partial degradation of triclosan and the 
internal standard, to differing extents, during acid treatment. Therefore, 
enzyme hydrolysis is preferable. 


Application-The technique was applied to a study of the elimination 
of triclosan after oral administration to human subjects (Experiment 2). 
The concentrations of free triclosan were extremely low. The two con- 
jugated metabolites were eliminated at  the same rate, corresponding to 
a half-life of about 4 hr (Fig. 2). 


Conclusion-The proposed technique permits the quantitative assay 
of triclosan and its conjugated metabolites in human plasma and urine. 
It is specific, reproducible, and sufficiently sensitive for the determination 
of the absorption of triclosan in humans. 
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Abstract o To determine nadolol, a new 8-adrenergic blocking agent, 
in serum and urine, the drug is extracted into n-butyl acetate or ether 
from alkaline potassium chloride saturated samples. After back-ex- 
traction into 0.1 N HC1, the drug is oxidized with periodic acid the re- 
sulting aldehyde is coupled with o-phenylenediamine to produce a flu- 
orescent compound. The method can measure as little as 0.01 pg of na- 
dolol/sample. 


Keyphrases Nadolol-fluorometric analysis, human serum and urine 
0 Fluorometry-analysis, nadolol in human serum and urine 0 Anti- 
adrenergics-nadolol, fluorometric analysis in human serum and 
urine 


Nadolol (I), a new 0-adrenergic blocking agent, is des- 
ignated chemically as cis -5- [3- [( 1,l -dimethylethyl)- 


OCH~CHCH~NHUCHJ, 
I 


OH 


amino] -2-hydroxypropoxy] - 1,2,3,4-tetrahydro-2,3-naph- 
thalenediol. Its pharmacology (14, antiarrhythmic action 
(5-8), and specificity of action (9) were discussed pre- 
viously. 


For measuring microgram or nanogram levels of nadolol 
in human urine or serum, a sensitive method is needed. 
This paper describes a fluorometric method based on the 
oxidation of the drug with periodic acid and coupling of the 
resulting aldehyde with o-phenylenediamine. 


EXPERIMENTAL 


Apparatus-Fluorometric measurements were made in a spectro- 
fluorometer’ equipped with a colored filter2 and round microcells. 
Samples were shaken on a heavy-duty shaker3. Screw-capped, 150-mm 
test tubes and plastic caps with polypropylene linings4 were washed by 
shaking with 20 ml of 1 N HCI for 1 hr, rinsed three times with tap water 
and three times with distilled water, and then dried. 


I 


Perkin-Elmer model 204. 
Corning No. 3-73. 


3 Fisher cientific. 
4 Polyseal Corp. 
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All pipets and volumetric flasks were soaked in 3 N HCl overnight and 
rinsed with tap and distilled water. A centrifuge5 with stainless steel 
adapters was used. Reagents were added with automatic pipets6. 


Reagents-Specially purified sodium hydroxide7 and potassium 
chloride3 were used. One liter of n-butyl acetates was shaken with 100 
ml of pure 5 N NaOH, washed with distilled water, and distilled from 
glass. One liter of petroleum ether, bp 30-60°, was shaken with 100-ml 
portions of concentrated sulfuric acid until the acid layer was colorless. 
The petroleum ether layer was washed with distilled water and distilled 
from glass. Anhydrous ethel3 suitable for electronic use and microanalysis 
was used without purification. Two liters of acetic acid was refluxed with 
10 g of 2,4-dinitrophenylhydrazine for 1 hr and distilled from glass. 


o-Phenylenediamine dihydrochlorides, 20 mg, was dissolved in 1 ml 
of 0.1 N HCl, and 0.3 ml was immediately diluted to 30 ml with redistilled 
acetic acid. This reagent was used within 30 min. A 10-ml aliquot of 1% 
sodium metaperiodate3 was prepared in 0.1 N HC1. Sodium arsenite3 was 
prepared by dissolving 0.4 g in 9 ml of 0.1 N HCl and adding 1 ml of 
concentrated hydrochloric acid. All three reagents were prepared 
daily. 


A nadolol stock standard solution at  500 pg/ml was prepared in 0.1 N 
HCl and kept in a refrigerator no longer than 3 months. Working stan- 
dards were prepared daily by the dilution of the stock standard solution 
with0.1NHClto0.02,0.1,0.150,and1.0pg/ml. 


Extraction-Urine-Thaw urine samples at temperatures below 25'. 
Mix the thawed urine samples well and then centrifuge at about 3000 rpm 
for 5 min. Transfer 1.0 ml of the urine sample to a 150-mm screw-capped 
test tube containing 4 ml of 0.1 N HC1. Pipet 5.0 ml of 0.1 N HCl (reagent 
blank) and 5.0 ml of diluted standards at 0.150 and 1.0 pg/ml into 150-mm 
screw-capped test tubes. 


To each tube, add 3 g of potassium chloride and 2 ml of pure 5 N 
NaOH. Cover the tubes with clean plastic caps and shake mechanically 
for 5 ming. Then pipet 10.0 ml of absolute ether into each tube. Cover the 
tubes with plastic caps, shake for 5 min, and centrifuge at  about 3000 rpm 
for 5 min. 


Serum-Thaw serum samples a t  temperatures below 25'. Pipet 5.0 
ml of 0.1 N HCl (reagent blank), 5.0 ml of the diluted standards at 0.02 
and 0.1 pglml, and 5 ml of mixed serum samples into clean 150-mm 
screw-capped test tubes. To each tube, add 3 g of potassium chloride and 
2 ml of pure 5 N NaOH. Cover the tubes with clean plastic caps and shake 
for 5 ming. Then pipet 10.0 ml of purified redistilled n-butyl acetate into 
each tube. Without mixing, cover the tubes with plastic caps. Shake the 
tubes for 5 min and immediately centrifuge at about 3000 rpm for 5 
minlo. 


Back-Extraction and Purification-By means of a pipet filler", 
transfer 8.0 ml of the top n-butyl acetate or ether layer to a clean 150-mm 
screw-capped test tube containing 1.50 ml of 0.1 N HCl and 20 ml of re- 
distilled petroleum ether. Shake the tubes for 5 min and centrifuge at 
about 3000 rpm for 5 min. 


Hold the tubes against a white background and aspirate and discard 
the top solvent layer. Add 10 ml of purified petroleum ether and shake 
the tubes for 2 min. Centrifuge the tubes at about 3000 rpm for 2 min. 
Aspirate completely and discard the top petroleum ether layer12. 


Reaction-With an automatic syringe, add 0.10 ml of sodium per- 
iodate to each tube and mix well on a vortex mixer. Centrifuge the tubes 
at  about 3000 rpm for 2 min. Fifteen minutes after the last tube was 
mixed, add 0.20 ml of sodium arsenite with an automatic syringe and mix 
well on the vortex mixer. Centrifuge the tubes at  about 3000 rpm for 2 
min. Five minutes after the last tube was mixed, add 1.0 ml of o-phe- 
nylenediamine solution with an automatic syringe and mix well on the 
vortex mixer. Centrifuge the tubes at about 3000 rpm for 2 min. Keep the 
tubes in the dark. Thirty minutes after the last tube was mixed, measure 
the fluorescence of samples and standards. 


Fluorescence Measurement-Set the excitation wavelength at 305 
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9 After sodium hydroxide is added, the samples must be extracted immediately 
to prevent any decomposition in the strong alkaline medium at room tempera- 
ture. 


10 If the tubes are not centrifuged immediately after shaking, an emulsion forms 
which is difficult to break. Therefore, two centrifuges are needed when 21 serum 
samples are analyzed at one time. If an emulsion is formed, mix the top n-butyl 
acetate layer and the middle interface layer with a spatula and centrifuge the tubes 
again for 10 rnin. 


1% Spectronics Corp. 
l2 The capillary pipet of the aspirator must always be kept above the aqueous 


layer to prevent aspiration of that layer. 
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Figure 1-Excitation and fluorescence spectra of 200 ng of oxidized 
nadolol. 


nm and the fluorescence wavelength at  445 nm. Insert the filter2 in the 
fluorescence optical path between the cell compartment and the detec- 
tor's. 


The concentration of nadolol per milliliter of urine or serum is calcu- 
lated from the concentration and fluorescence of a nadolol standard with 
the same instrument settings used for the sample and standard mea- 
surements. 


RESULTS AND DISCUSSION 


Nadolol has no native fluorescence and has a very low absorption in 
the UV region. Fluorescence of nadolol a t  400 nm and excitation at  260 
nm can be induced by heating samples a t  100' in concentrated sulfuric 
acid. Because of interferences and variations in fluorescence, the method 
cannot be used for serum and urine level assays of nadolol. 


Since nadolol has adjacent hydroxyl groups in the saturated ring and 
hydroxyl and amino groups in the side chain, oxidation of the molecule 
with periodate appeared to be a convenient analytical approach. Mala- 
prade (10) introduced periodic acid as a reagent for the oxidation of 
1,2-glycols. Its use in structure determinations and as a selective ana- 
lytical reagent was reviewed (11-13). 


Apparently, only the saturated ring with two adjacent hydroxyl groups 
is oxidized with periodate. If the side chain of the drug is oxidized, 
formaldehyde and tert- butylamine would form. Neither of these com- 
pounds was detected by qualitative color testing of a nadolol solution after 
periodate oxidation. The chromotropic acid test for formaldehyde was 
negative, as was a succinaldehyde test for tert- butylamine. Propranolol, 
which differs in the side chain from nadolol only by a methyl group, does 
not produce a secondary amine and aldehyde after oxidation. 


To prove that the saturated ring of nadolol was oxidized with periodate, 
cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol (11) was treated with the 
reagent. Both nadolol and I1 gave a red color with phenylhydrazine and 
potassium ferricyanide after periodate oxidation. The oxidized I1 did not 
fluoresce when coupled with o-phenylenediamine, indicating that the 
side chain of nadolol is a prerequisite for the compound to fluoresce. 


On the basis of these experiments, one can postulate that the side chain 
of nadolol is not oxidized with periodate. Chafetz (14) stated that com- 
pounds having the bulky tert- butyl substituent on the amine function 
are not affected by periodate even under vigorous reaction conditions. 


13 The maximum excitation or fluorescence wavelen ths can vary. Therefore, 
it is recommended to check the maximum wavelengthsty using a standard. 
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Figure %-Resolution of the fluorescence spectrum with a filter at  a low 
concentration of nadolol. 


Excess periodate is used for effective and complete cleavage of the 
carbon-carbon bond between the two hydroxyl groups on the nadolol 
ring. For example, 0.1 mg of sodium periodate produced only 70% of the 
product when 0.5 pg of nadolol was oxidized. The maximum oxidation 
product was obtained when 0.3-2 mg of sodium periodate/0.50 pg of na- 
dolol was used. Amounts of sodium periodate larger than 2 mgltube 
produced lower fluorescence. A t  least 3 min was needed for a complete 
reaction. Oxidation of nadolol with periodate a t  50' was faster than at  
room temperature, but the same amount of a product was obtained a t  
both temperatures. The oxidized nadolol is stable in the solution for at  
least 4 hr. 


Nadolol was oxidized in solutions ranging in pH from 0.1 to 10 (in in- 
crements of 1 pH unit or less) and in 0.1 N NaOH. The same oxidation 
rate and the same amount of product were obtained in all solutions, ex- 
cept sodium hydroxide. The oxidation rate in 0.1 N NaOH was rapid, and 
the oxidation product decomposed. After 1 hr of oxidation, about 10% 
of the expected fluorescence was obtained. 


Excess periodate and iodate formed in the oxidation interfere in the 
coupling of the aldehyde with o-phenylenediamine. On the addition of 
o-phenylenediamine to the reaction mixture, a red color develops since 
o-phenylenediamine reacts with periodate and iodate. This color for- 
mation can be overcome by the addition of sodium arsenite before the 
additicy of o-phenylenediamine. A t  least 0.05 ml of 4% sodium arsenite 
is needed per 0.1 ml of 196 sodium metaperiodate. The amount of hy- 
drochloric acid present in the reaction mixture is important for successful 
elimination of the periodate, iodate, and iodine. A t  low concentrations 
of hydrochloric acid, the reactions are slow and sometimes do not go to 
completion. It takes about 3 min to destroy the excess periodate. The 
oxidation product in such solutions is stable a t  room temperature for a t  
least 4 hr. 


Fluorometric methods customarily used for quantitation of aliphatic 
aldehydes involve several reagents such as acetylacetone (15), ammonia 
(15), 6-amino-1-naphthol-3-sulfonic acid (16), dimedone (17), 4,4'-sul- 
fonyldianiline (181, 4-aminobenzoic acid or its ethyl ester (la), 4-ami- 
noacetophenone (18), o-phenylenediamine (191, and 3,5-diaminobenzoic 
acid (20). Synthesis of fluorescent compounds of numerous substituted 
quinoxalines was originally reported by Hinsberg (21), who used both 
3,4-diaminotoluene and o-phenylenediamine as reagents. The conden- 
sation reactions of o-phenylenediamine with carbonyl compounds and 
the analytical use of these reactions were reviewed (22). Fluorometric 
methods for aldehydes were reviewed by Pesez and Bartos (23). 


Figure 3-Fluorescence spectrum a t  different concentrations of na- 
dolol. 


Condensation of oxidized nadolol (Ia) with o-phenylenediamine (111) 
in an acid medium probably takes place according to Scheme I. Excess 
111 is needed for successful coupling with oxidized nadolol, but a large 
excess of the reagent has a slight quenching effect on fluorescence. The 
contribution of 111 to the reagent blank a t  the concentration used is 
negligible. 


Addition of ethanol or acetic acid increases the fluorescence. This in- 
crease is a function of the amount of the diluent added. About 35% or 
more of ethanol or acetic acid is needed in the reaction mixture to give 
the highest fluorescence. When formic acid was substituted for acetic acid, 
only 38% of the fluorescence was obtained; propionic acid produced 90% 
of the fluorescence compared to acetic acid. Although ethanol is a good 
diluent, acetic acid is used because some batches of ethanol produce high 
reagent blanks even after purification. 


It takes about 30 min for maximum fluorescence development at  room 
temperature. Fluorescence of a solution is stable in the dark at  least 6 hr. 
When samples are exposed to laboratory light for more than 1 hr, fluo- 
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Table I-Recovery of Nadolol from 5 ml of Pooled Human Serum 


Nadolol, ng/ml 


Added Founda Recovery, % 


200 200.0 100.0 
160 161.9 101.2 
120 119.0 99.2 
80 80.4 100.5 
40 40.8 101.9 
30 30.4 101.3 
24 23.8 99.2 
18 18.3 101.7 
12 11.8 98.3 
6 6.2 103.3 
3 3.0 100.0 
1.5 1.4 93.3 


Reading of serum blank was subtracted from sample readings, and the nadolol 
concentration was calculated. 


rescence decreases slightly probably due to a quenching effect of an excess 
of 111, which produces a brownish color on exposure to light for a longer 
time. 


As shown in Fig. 1, the excitation spectrum has a maximum a t  305 nm; 
the fluorescence spectrum has a maximum a t  445 nm. At low concen- 
trations of nadolol, high sensitivity settings of the fluorometer must be 
used. At  high sensitivity settings, there is an interference from reagents 
and no resolution of the fluorescence spectrum is obtained. Fluorescence 
readings must be taken on a slope, and this procedure leads to variable 
results. 


Various filters were tried to eliminate the interfering fluorescence. The 
colored filtersI4 5-57, 5-61,4-69,3-71,3-74, and 3-75 did not eliminate 
the interference. Only colored filter 3-732 facilitated the fluorescence 
spectrum resolution (Fig. 2). Filter 3-7214 shifted the fluorescence spec- 
trum to 475 nm and decreased the sensitivity. No improvement was ob- 
served when filters were used to eliminate some interference a t  the ex- 
citation wavelength. Glass filters 7-3014, 7-5414, 9-5414, SN 1.25Is, 2ND 
0.15-215, and 2ND 0.3-215 were tried. Filters 4-6914, SS 2900-215, SS 
3000-215, and SS 3100-215 and filters from the 2780 polarized set16 elim- 
inated fluorescence completely. 


Various solvents such as 1-butanol, 1-methyl-1-propanol, 3-methyl- 
1-butanol, 1-pentanol, ether, ethyl acetate, and n-butyl acetate were tried 
for extracting nadolol from serum and urine. 1-Butanol is an excellent 
solvent for the extraction of nadolol from serum samples, but high blanks 
were obtained. Low recoveries of nadolol were obtained when 1-butanol 
was used for extracting the drug from urine samples. This result could 
have been due to the quenching effect of extraneous materials extracted 
from urine with 1-butanol. Ether is an excellent extractant for nadolol 
from urine samples; about 80% of the drug was extracted from serum with 
ether. n-Butyl acetate is the solvent of choice for the extraction of nadolol 
from serum. Complete extraction of the drug and negligible blanks were 
obtained. Other solvents produced low nadolol recoveries from serum 
and urine samples. 


Nadolol can be extracted only from highly alkaline solutions of pH 
above 13. When potassium carbonate was used to  saturate the samples 
and raise the pH to the desired value, low recoveries of nadolol from 
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Figure 4-Serum nadolol levels. 


14 Corning. 
15 Corion. 
16 Oriel. 


Table 11-Recovery of Nadolol from 1 ml of Human Urine 


Nadolol, pg/ml 


Added Founda Recovery, % 


20 20.16 
10 10.03 
5 4.98 
2.5 2.52 
1.25 1.27 


100.8 
100.3 
99.6 


100.8 
101.6 


Reading of urine blank was subtracted from sample readings, and the nadolol 
concentration was calculated. 


serum samples were obtained. Recoveries varied from sample to sample 
and sometimes were below 25%. In biochemical experiments, chloride 
ions are often used for the breakage of weak interactions of compounds. 
It can be assumed that chloride ions perform the same function in the 
extraction of nadolol from urine and serum samples. Sodium chloride 
and potassium chloride can be used successfully in the extraction of na- 
dolol. For some unknown reasons, no fluorescence in serum, urine, and 
standards was found when ammonium sulfate and potassium bromide 
were used in the extraction. Magnesium chloride produced a yellow color 
after the addition of all reagents to the extracts. 


For concentration and purification of the nadolol extracts, the drug 
is back-extracted into an acid aqueous solution. A 0.1 N phosphate buffer 
(pH 2.5), aqueous solutions of pH up to 8.5, and 0.1 N HC1 extracted 
nadolol from organic solvents completely. The volume of acid for the 
back-extraction of nadolol from solvents is not critical. A smaller volume 
is better because of the concentration of nadolol. 


Petroleum ether is added to the solvent extracts to decrease the solu- 
bility of the aqueous layer. Petroleum ether also removes traces of sol- 
vents used for extraction and some interferences carried with the ex- 
traction. 


I t  is important that test tubes, plastic caps, pipets, and other glassware 
be absolutely clean and unscratched. As recommended in the procedure, 
acid washing of glassware with hydrochloric acid is sufficient to remove 
possible interferences. Solvents also must be purified as recommended 
because unpurified solvents produce very high reagent blanks and 
sometimes cause quenching of fluorescence. 


Standards and reagent blanks must be run with each set of samples 
because of a small volume change in the back-extraction and some con- 
tribution from solvents and chemicals used in the extraction. It is also 
important that the organic solvent is aspirated completely before oxi- 
dation. This aspiration is accomplished easily by the technique given in 
the procedure. Samples have to be centrifuged after each addition of a 
reagent and mixing because aqueous droplets adhere to the walls of the 
tubes. This can lead to a red color development when I11 reagent is added 
and can cause a variation of results. 


Recovery of nadolol as a function of serum or urine volume was studied. 
Serum and urine samples from 1 to 5 ml gave the same extraction effi- 
ciency. There was a small blank in almost every serum and urine sample, 
which varied from individual to individual. Blanks as high as 0.005 pg 
of nadolol/ml of serum and 0.05 pglml of urine were observed in some 
individuals. Some commercial serum samples may have a blank as high 
as 0.01 pg/ml. 
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Figure 5-Urine nadolol levels. 
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Table 111-Reproducibility of Results 
Nadolol RSD, % 


10 2.22 
80 1.00 


200 1.41 


0.04 1.39 
20.00 0.73 


Serum, ng/ml 


Urine, gg/ml 


Standard curves were prepared in the ranges between 0 and 0.03,O and 
0.2,O and 2, and 0 and 20 pglml. Fluorescence was proportional to nadolol 
concentration. Concentrations in all ranges tested produced straight lines 
that passed through the origin. The fluorescence spectrum of nadolol at 
different concentrations was recorded (Fig. 3). 


The recovery study was carried out by the addition of nadolol in 0.1 
N HCI to 5-ml serum blanks or 1-ml urine blanks. Recovery from serum 
varied from 93.3% for a low concentration of nadolol to 103.3% (Table i); 
from urine, recovery varied from 99.6 to 104% (Table 11). 


The reproducibility of results was checked by analyzing spiked samples 
10 times (Table 111). 


Standard nadolol acid solutions are stable at room temperature at least 
1 week and at  5’ at  least 3 months. 


The method has performed reliably in a number of clinical studied7. 
For example, serum and urine nadolol levels after oral administration 
of a single 80-mg dose to a male patient are shown in Figs. 4 and 5. It is 
believed that only unchanged drug produces fluorescence when oxidized 
and coupled with 111.4-Hydroxynadolol does not fluoresce. 
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Influence of Crystal Form on Tensile Strength of 
Compacts of Pharmaceutical Materials 


M. P. SUMMERS*, R. P. ENEVER*X, and J. E. CARLESS 


Abstract 0 The tensile strengths of compacts of different crystal forms 
of aspirin, sulfathiazole, and barbital were determined with a modified 
tablet hardness tester. For each material, the tensile strength could be 
correlated with the amount of plastic flow and/or crushing undergone 
by each crystal form during compression. 


Keyphrases 0 Crystal form-effect on tensile strength of compacts of 
aspirin, sulfathiazole, and barbital Tensile strength-compacts of 


aspirin, sulfathiazole, and barbital, effect of crystal form 0 Aspirin- 
compacts, effect of crystal form on tensile strength 0 Sulfathiazole- 
compacts, effect of crystal form on tensile strength 0 Barbital-com- 
pacts, effect of crystal form on tensile strength 0 Tablets-aspirin, sul- 
fathiazole, and barbital, effect of crystal form on tensile strength 0 
Dosage forms-tablets, aspirin, sulfathiazole, and barbital, effect of 
crystal form on tensile strength 


Previously, the use of a physical testing instrument’ for 
measurement of the tensile strengths of compacts of 
pharmaceutical materials was reported (1). A subsequent 
study (2) indicated that the test could be used to predict 
the tensile strength of lactose compacts, and another report 


(3) indicated that this parameter was a fundamental ma- 
terial property independent of the compact dimensions. 


The present paper describes the use of a modified tablet 
hardness tester2 for measuring the tensile strength of 


* Erweka type TBT tester, Erweka Apparatebau GmbH, Main, West Germa- 
1 Instron Engineering Corp., Park Ridge, Ill. ny. 
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Table I-Initial EntraDment of Floxuridine in Liposomes 


Vesicle Composition 


Percent Entrapped” 


Lipid Ratio Sucrose Floxuridine Fluorouracil 


Sphingomyelin-cholesterol-dicetyl phosphate 4.82.81.0b 14.3 f 1.lC 11.9 f 2.5‘ 3.6 f 0.3‘ 


Sphingomyelin-cholesterol-dicetyl phosphate 7.0:2.0: 1 .Od 
Lecithin-cholesterol-dicetyl phosphate 4.8:2.81.0b 8.0 0.87 1.0 


Lecithin-cholesterol-dicetyl phosphate 7.02.01.0d 4.1e 0.34p - 


4.3e 3.0e - 


a Measured after 2 min of vortexing, 2 hr of swelling at  25”, 15 min of sonication, and a second 2 hr of swelling a t  25’. Seventy micromoles of lipid/ml of aqueous phase. 
c Mean f SEM (three determinations). d Fifty micromoles of lipid/ml of aqueous phase. Average of two determinations. 


are complex and not first order. The data are plotted on a semilogarithmic 
plot only as a convenient method for visualizing the relative differences 
observed. 


There is considerable rationale for the entrapment of fluorouracil 
within liposomes and, as mentioned, retention has been a problem. The 
present results indicate that floxuridine is retained far better when 
sphingomyelin liposomes are used, and several other benefits, such as 
higher intrinsic activity against some cancers, favor the nucleoside. 
Preliminary results in these laboratories indicate that, after intraperi- 
toneal administration to mice bearing L-1210 leukemia in the ascites 
form, the liposomes and their floxuridine content are avidly engulfed by 
the L-1210 cells, with large quantities of floxuridine concentrating in the 
cells. Further studies are in progress to ascertain the effect of such ad- 
ministrations on the survival times of tumor-bearing mice. 
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Inhibition of Catechol O-Methyltransferase and 
Transfer RNA Methyltransferases by Coralyne, 
Nitidine, and Related Compounds 


JOHN W. LEE, JOHN 0. MacFARLANE, 
ROBERT K. Y. ZEE-CHENG, and C. C. CHENG” 


Abstract Inhibitory activity against both catechol O-methyltrans- 
ferase and transfer RNA methyltransferases was observed among the 
antileukemic alkaloids coralyne, nitidine, and related synthetic alkoxy 
analogs. Inhibition of both classes of enzymes seems to have a similar 
profile. The role of water solubility of these compounds with regard to 
their enzyme inhibitory activity was noted. 


Keyphrases Catechol O-methyltransferase-activity, effect of co- 
ralyne, nitidine, and related compounds, rat liver homogenate o tRNA 
methyltransferase-activity, effect of coralyne, nitidine, and related 
compounds, rat liver homogenate Enzyme activity-catechol 0- 


Experimental evidence (1-9) has substantiated the 
observation of higher transfer RNA (tRNA) methyl- 
transferase activity in fetal or malignant tumor tissue than 
in normal or benign tumor tissue. Also, certain chemical 
carcinogens increased tRNA methyltransferase activity 


methyltransferase and tRNA methyltransferase, effect of coralyne, ni- 
tidine, and related compounds, rat liver homogenate 0 Coralyne-effect 
on catechol O-methyltransferase and tRNA methyltransferase activity, 
rat liver homogenate Nitidine-effect on catechol O-methyltransferase 
and tRNA methyltransferase activity, rat liver homogenate 0 Alkaloids, 
antileukemic-coralyne, nitidine, and related compounds, effect on 
catechol O-methyltransferase and tRNA methyltransferase activity, rat 
liver homogenate Structure-activity relationships-effect of coralyne, 
nitidine, and related compounds on catechol O-methyltransferase and 
tRNA methyltransferase activity, rat liver homogenate 


(10,ll).  These aberrant methylating enzymes may differ 
qualitatively from the regular tRNA methyltransferase in 
their specificity of action (12, 13). Certain oxygen-con- 
taining compounds possessing antileukemic activity may 
be tRNA 2’-O-methyltransferase inhibitors, and this 
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methylating enzyme may act via a complex analogous to 
that known for catechol 0-methyltransferase (COMT) 
(14). 


Therefore, preliminary enzyme inhibitory activity tests 
of the antileukemic alkaloids coralyne, nitidine, and re- 
lated compounds (15-19) against catechol O-methyl- 
transferase and tRNA methyltransferases were conducted. 
A number of antitumor purine nucleosides (20), the tub- 
ercidin analog of S-adenosylhomocysteine (21), and po- 
lyinosinate (22) have already been reported as inhibitors 
of tRNA (and rRNA) methyltransferases. 


EXPERIMENTAL 


Assay of Catechol 0-Methyltransferase-The colorimetric assay 
method used was based on that reported by Herblin (23). The catechol 
0-methyltransferase enzyme extract was prepared according to the 
method of Axelrod and Tomchick (24) with some modification (all pro- 
cedures performed a t  0-5’). Male adult rat liver, 100 g, was homogenized 
in 400 ml of 0.15 M isotonic potassium chloride. The solution was cen- 
trifuged a t  41,OOOXg for 30 min. The supernate was drained through 
cheesecloth, adjusted to pH 5.3 with 1 N acetic acid, and centrifuged a t  
800Xg for 10 min. The precipitate was discarded, and ammonium sulfate 
was added to achieve 30% saturation. 


This solution was again centrifuged (800Xg for 10 min), and ammo- 
nium sulfate was added to the supernate to achieve 50% saturation. The 
resulting solution was centrifuged at  6600Xg for 15 min. The precipitate 
was collected and dissolved in 40 ml of water and dialyzed against 0.001 
M phosphate buffer at pH 7 for 4 hr. The enzyme preparation was then 
dispensed into small (1-5-1111) aliquots and frozen a t  -60’. The partially 
purified enzyme preparations used for these tests contained approxi- 
mately 40-50 mg of proteinlml and 0.05-0.1 unit of enzyme/mg of protein, 
or approximately 0.75-1.5 units of enzyme per test. 


Based upon a series of preliminary titrations and experimental studies, 
the following procedure was used. Reagents were added to the reaction 
tubes at 0-5’ (ice bath) in the following quantities and order: 0.25 pmole 
of pH 7 tris(hydroxymethy1)aminomethane buffer, 2.5 pmoles of mag- 
nesium chloride hexahydrate, 0.5 ml of the prepared catechol O-meth- 
yltransferase enzyme extract, 0.1 pmole of S-adenosylmethionine (SAM), 
and 0.13 pmole of 2.68 X M 4-nitrocatechol as the methyl acceptor. 
Distilled water was added to tubes as needed to give a final total volume 
of 2.5 ml. 


For the inhibition test, 0.5 ml of the inhibitor solution was allowed to  
react with 0.5 ml of the enzyme preparation a t  0-5’ for 5 min and then 
was added to the reaction mixture. This solution was allowed to remain 
in a 37O water bath for 45 min, followed by the addition of 2 ml of 6 N 
NaOH to terminate the enzyme reaction. Tubes containing the reaction 
mixture were centrifuged a t  800Xg a t  5’ for 10 min. The absorbance of 
the supernate was measured a t  520 nm in a UV spectrophotometer (cell 
had 10-mm light path). Since at  pH I 9,4-nitrocatechol exhibits a red 
color whereas its methylated product does not, methylation of catechol 
0-methyltransferase activity can be measured as a decrease in absorbance 
a t  520 nm. 


To determine enzyme activity, a reaction mixture was run as a control 
against the mixture with enzyme. The difference in the absorbance of 
these two mixtures was then the measure of enzyme activity. Inhibitors 
were generally tested at  three different concentrations. The concentration 
of an inhibitor was calculated as the final concentration after dilution 
of the reaction mixture (0.5 ml in 2.5 ml or 1:5). The level of inhibition 
was determined by measuring the absorbance of a reaction mixture with 
the inhibitor and subtracting that of a reaction mixture with both the 
inhibitor and the enzyme. 


% inhibition 


- 


The percent of enzyme inhibition was then calculated as: 


3 absorbance (reflecting enzyme activity with inhibitor) 
A absorbance (reflecting enzyme activity without inhibitor) 


- 


X 100 (Eq. 1) 


As a control of the entire procedure, a known inhibitor of catechol 
0-methyltransferase, pyrogallol, was run to achieve a “standard” curve 
of inhibition (100,45, and 12% inhibition a t  and 10-5 M, re- 
spectively). Pyrogallol was run periodically to check that the assay was 
producing consistent results. 


6H3 CzH3S05- 


I: R, = R, = R, = R, = OCH,, R, = R, = H 
11: R, = R, = R, = R, = OCH,, R, = R, = H 


111: R, = R, = R, = R, = OCH,, R ,  = R, = H 


CH3 C2HsS06- 
Iv 


VIII 


V: R,  R, = OCH,O, R, = R, = OCH,, X = C1 
VI: R ,  R, = OCH,O, R, = R, = OCH,, X = CH SO 


IX: R,  = R, = R, = R, = O C k , ,  X = hO,F 
XI: R: = R: = R, = R, = OH, X = C1 


VII: R ,  R, = OCH, 0, R, = R = OCH , x = B ~ H , ~ o ,  


X: R = R = R, = R, = OCOCH,, X = S0,F 


Assay of tRNA Methyltransferases-The activity of tRNA meth- 
yltransferases was measured by the amount of I4C-methyl groups in- 
corporated into the tRNA using the procedure of Waalkes et al. (25) with 
slight modification. The tRNA methyltransferase enzyme extraction was 
prepared according to the method of Kerr (26) with some modification. 
Male adult rat liver, 50 g, was homogenized in 200 ml of isotonic potas- 
sium chloride, and the mixture was centrifuged a t  60,OOOXg for 60 
min. 


The supernate was drained through cheesecloth, adjusted to pH 5.3 
with 1 N acetic acid, and centrifuged for 10 min at  6600Xg. The pre- 
cipitate was collected and dissolved in 20 ml of 0.1 M tris(hydroxy- 
methy1)aminomethane hydrochloride buffer (pH 8). This solution was 
then stored in small aliquots a t  -60’ and used as the source of inhibi- 
tor-free enzyme. Since this extract contained some catechol O-methyl- 
transferase activity, pyrogallol was added to the reaction mixture to 
suppress this activity. 


The following procedure was used as the basis of a series of titrations 
and experimental studies. Reagents were added to the reaction tubes a t  
0-5’ in the following order and quantities: 70 pmoles of ammonium ac- 
etate, 0.3 pmole of dithiothreitol’, 0.3 pmole of tetrasodium ethylenedi- 
aminetetraacetate, 25 pmoles of pH 9 tris(hydroxymethy1)aminometh- 
ane hydrochloride, 0.5 pmole of magnesium chloride, 0.5 pmole of pyro- 
gallol, enzyme extract (200 pg of protein), 100 pg of undermethylated 
Escherichia coli B tRNA2, and 5 pmoles of 14C-S-adenosyl-~-methionine 
(58 mCi/mole). The final volume of each tube was 0.5 ml. 


For the inhibition test, 0.05 ml of the inhibitor solution was mixed with 
the enzyme extract in an ice bath (0-5’) for 5 min and then added to the 
reaction mixture, which was placed in a 37O water bath for 30 min. The 
reaction was terminated by placing the tube in an ice bath and adding 
2.5 ml of 1C% trichloroacetic acid. After 20 min, the reaction mixture was 


Calbiochem. 
2 Sigma. 
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Table I-Enzyme Inhibition Test Results 


Compound 


tRNA Methyltransferase 
COMT Inhibition, % Inhibition, % 


1 0 - 3 ~  1 0 - 4 ~  1 0 - 5 ~  1 0 - 3 ~  10-*M 10-SM 


I (coralyne acetosulfate) 
I1 (isocoralyne acetosulfate) 


111 (neocoralyne acetosulfate) 
IV (stracoralyne acetosulfate) 
V (nitidine chloride) 


VI (nitidine methosulfate) 
VII (nitidine bromoacetate) 


VIII (methoxydihydronitidine) 
IX (0-methylfagaronine fluorosulfonate) 
X 


XI 
XI1 


XI11 
XIV 


100 80 
(75)" 15 


35 


60 0 
70 0 
13 10 


(100) 71 
100 34 
100 71 
(74) 54 


6 2 
6 3 
0 0 


- 7! 7 


43 
0 
0 
0 
0 
0 
8 
0 
8 
0 


34 
0 
0 
0 


48 10 0 
56 10 0 
64 49 33 
20 5 0 
37 32 21 
46 35 11 


87 15 0 
0 0 0 


18 2 0 
15 0 0 


" Values in parentheses denote those obtained by graph extrapolation. Insoluble. 


filtered through a type HA individual filter (0.45-pm pore size) and 
washed with 20 ml of 5% trichloroacetic acid. The residue was then air 
dried and placed into vials with 10 ml of a mixture of 91% of 2,5-di- 
phenyloxazole and 9% of 1,4-bis[2-(4-methyl-5-phenyloxazolyl)]benzene. 
Radioactivity was measured in a liquid scintillation counter. 


To determine enzyme activity, a reaction mixture without tRNA was 
run as a control against a reaction mixture with tRNA. The difference 
in 'Cincorporation, measured in counts per minute between these two 
mixtures, is a measure of enzyme activity (A).  


Inhibitors were generally tested a t  three different concentrations. The 
concentration of an inhibitor was calculated as the final concentration 
after dilution of the reaction mixture. The level of inhibition was deter- 
mined by subtracting the counts per minute of a reaction mixture with 
the inhibitor only from that of a reaction mixture with both the inhibitor 
and the enzyme ( B ) .  The percent of inhibition was then calculated as [(A 
- R ) / A ]  X 100. 


An ideal standard for inhibition of tRNA methyltransferases is yet to 
be found. Nicotinamide (27,28) and ascorbic acid (40 and 51% inhibition, 
respectively, at loV3 M) were used as controls throughout the tRNA 
methyltransferase inhibitory tests. 


0 


0 
XI1 


OCH, 
XI11 


OCH, 


XIV 


RESULTS AND DISCUSSION 


Preliminary enzyme inhibitory results are given in Table I. The first 
nine compounds (I-IX) were active against leukemias P-388 and L-1210 
(15-19), whereas the last five compounds (X-XIV) were inactive. Al- 
though no definite conclusion should be drawn a t  this stage, the results 
suggest that  there is a parallel correlation between the antileukemic ac- 
tivity of these alkoxy compounds and their inhibitory activity against 
both classes of enzyme. In addition, inhibition against both enzymes 
seems to have a,similar profile. 


Solubility characteristics of these compounds in water play an im- 
portant role in enzyme inhibition. Compound IV (stracoralyne aceto- 
sulfate), for example, is quitejnsoluble in water. Thus, the observed ac- 
tivity may not reflect the true value. 


Although X showed high inhibitory activity against both enzymes, it 
was without effect against leukemias P-388 and L-1210. This finding is 
probably due to the relative ease of hydrolysis of the acetoxy groups in 
uioo; the resulting phenolic compounds may not be readily transported 
to the proper biological site to achieve the desired antineoplastic action. 
(The fact that  the tetrahydroxy compound, XI, possessed enzyme in- 
hibitory activity but was inactive against leukemias P-388 and L-1210 
further substantiates the proposition.) The corresponding uncharged 
compound, XII, which is much less soluble in water, was inactive against 
both enzyme and leukemia systems. 


Since the presently studied tRNA methyltransferases are composed 
of a mixture of methylating enzymes and since purified enzymes such 
as tRNA 0-methyltransferase and tRNA N-methyltransferase could not 
be realized, a definite relationship could not be drawn as to whether the 
inhibitory action against tRNA methylating enzymes is directed to any 
specific portion of the macromolecule. The original tRNA 2'-O-methyl- 
ation hypothesis (14) thus remains to be examined. Therefore, single 
tRNA methyltransferases that specifically methylate oxygen, nitrogen, 
or other atoms should be isolated and purified before further study. 
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Pharmaceutical Applications of Solid Dispersion Systems: 
X-Ray Diffraction and Aqueous Solubility Studies on 
Griseofulvin-Polyethylene Glycol 6000 Systems 


WIN L. CHIOU 


Abstract 0 The X-ray diffraction method was used to characterize 
physicochemical properties of griseofulvin dispersed in polyethylene 
glycol 4000 and 6000. Results indicate a negligible or very limited solid 
solubility of griseofulvin in the pulverized solid dispersions. Pulverization 
and aging had pronounced effects on the X-ray diffraction spectrum. 
Results from aqueous solubility studies of griseofulvin in various con- 
centrations of polyethylene glycol 6000 further indicate weak or insig- 
nificant interactions between the drug and the carrier. Mechanisms are 
postulated to account for the reported marked enhancement of dissolu- 
tion rates and oral absorption of griseofulvin dispersed in these car- 
riers. 


Keyphrases Griseofulvin-dispersed in polyethylene glycol 6000, 
X-ray diffraction study, aqueous solubility, effects of pulverization and 
aging Polyethylene glycol 6000-dispersions with griseofulvin, X-ray 
diffraction study, aqueous solubility, effects of pulverization and aging 
0 Solid dispersions-griseofulvin-polyethylene glycol 6000, X-ray dif- 
fraction study, aqueous solubility, effects of pulverization and aging 0 
Dispersions, solid-griseofulvin-polyethylene glycol 6000, X-ray dif- 
fraction study, aqueous solubility, effects of pulverization and aging 
Solubility, aqueous-griseofulvin-polyethylene glycol 6000 dispersions, 
X-ray diffraction study n X-ray diffraction-study, griseofulvin-poly- 
ethylene glycol 6000 dispersion, effects of pulverization and aging 0 
Antifungal agents-griseofulvin dispersed in polyethylene glycol 6000, 
X-ray diffraction study, aqueous solubility 


The in uitro dissolution and oral absorption of griseo- 
fulvin in dogs and humans were markedly enhanced by the 
formation of solid dispersions in polyethylene glycol 6000 
(1-3). Recently, these results were confirmed with a newly 
introduced commercial product1 in single- (4) and multi- 
ple- ( 5 )  dose studies using larger numbers of test subjects. 
The new product requires only half of the dose recom- 


* Gris-PEG, Dorsev Laboratories, Lincoln, Neb 


mended for conventional micronized products. Further- 
more, the incidence of side effects decreased with this new 
formulation (5). 


Although it was proposed that the enhancement of 
dissolution and absorption of griseofulvin dispersed in the 
polymer was primarily due to the molecular and colloidal 
dispersion of the drug in the highly water-soluble carrier 
(1-3), no extensive experimental data regarding physico- 
chemical properties of such a dispersed system have been 
reported. 


This paper reports the detailed results of X-ray dif- 
fraction and aqueous solubility studies on such a system. 
The X-ray diffraction data do not support the previous 
postulate regarding the extensive formation of a solid so- 
lution of griseofulvin in polyethylene glycol polymers. The 
aqueous solubility study was performed to investigate the 
possible interaction between the drug and the polymer in 
an aqueous medium. Findings from the present study 
should be valuable to the development of solid dispersion 
dosage forms of other poorly water-soluble drugs utilizing 
the same type of carriers. Some preliminary results were 
discussed in a review article (6). 


Although different average molecular weights of poly- 
ethylene glycol polymers can be used as dispersion carriers 
(1-3), only polymer 6000 was studied in detail in the 
present investigation. This polymer has much less ab- 
sorption in the UV and visible region than polymer 20,000 
and thus interferes less with the direct spectrophotometric 
analysis of drugs (1). Furthermore, based on the author’s 
experience, the solid dispersions prepared with this poly- 
mer were generally much easier to pulverize than those 
prepared with other molecular weights of the polymer. 
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Use of Trimethylanilinium 
H ydroxide-Tetr amethylammonium 
Hydroxide as On-Column Methylating 
Agent for GLC Analysis of Phenytoin 


Keyphrases 0 Phenytoin-GLC analysis in plasma GLC-analysis, 
phenytoin in plasma 0 Anticonvulsants-phenytoin, GLC analysis in 
plasma 


To the Editor: 


Numerous procedures for the GLC analysis of plasma 
phenytoin have been reported (1-7). One promising pro- 
cedure was that of Orme et al. (7), who were able to analyze 
phenytoin from 100-pl plasma samples with a lower limit 
of sensitivity of 0.5 pg/ml. When I attempted to use this 
procedure, a peak for the on-column methylating agent, 
trimethylanilinium hydroxide, interfered with the peak 
for the internal standard, 5-(4-methylphenyl)-5-phen- 
ylhydantoin. This interfering peak was not an extracted 
plasma component or an impurity from the extracting 
solvent, toluene, since it was seen when just the methanolic 
trimethylanilinium hydroxide was injected on column as 
well as when the extractions were performed with water 
blanks. 


Orme et al. ’s procedure for phenytoin involved the ex- 
traction of phenytoin from a 100-p1 plasma sample into 
toluene containing the internal standard. The toluene was 


then extracted with 25 pl of a 0.5 M trimethylanilinium 
hydroxide-50% (v/v) methanol-water mixture. One mi- 
croliter of the lower aqueous layer, after aspiration of the 
upper toluene layer, was injected into a gas chromatograph 
and analyzed via a flame-ionization detector. 


Attempts to overcome the peak interference in using 
Orme et aZ.’s procedure by lowering the trimethylanilinium 
hydroxide concentration to 0.1 M (concentration below 0.1 
M led to problems with the final extraction step) and al- 
tering column conditions proved unsuccessful. The use of 
commercial as well as fresh batches of trimethylanilinium 
hydroxide, synthesized by the method of Brochmann- 
Hanssen and Oke (8) from trimethylanilinium chloride or 
iodide, was similarly unsuccessful in removing or lessening 
the interfering peak. 


Brochmann-Hanssen and Oke (8) showed that tri- 
methylanilinium hydroxide is a superior methylating agent 
compared to tetramethylammonium hydroxide and need 
only be present in reasonable excess to methylate barbi- 
turates, etc., quantitatively. For concentrations of up to 
20 p g  of phenytoidml in 100 pl of plasma and the internal 
standard used in Orme et al.’s procedure, the concentra- 
tion of trimethylanilinium hydroxide in the final metha- 
nol-water mixture needed only to be slightly greater than 
0.001 M; i.e., for methylating purposes, the concentration 
of trimethylanilinium hydroxide of 0.5 M appeared to be 
unnecessary. Of course, the presence of trimethylanilinium 
hydroxide serves a secondary purpose in that the final 
methanol-water solution must be sufficiently alkaline to 
extract phenytoin and the internal standard efficiently 
from the toluene phase. 


In the present study, sufficient alkalinity for the efficient 
extraction in the final extraction step and quantitative 
methylation of the extracted phenytoin and internal 
standard were achieved by the use of 0.1 M tetrameth- 
ylammonium hydroxide-0.01 M trimethylanilinium hy- 
droxide and a solvent of 50% (v/v) methanol-water. 
Tetramethylammonium hydroxide was present as the al- 
kalizing agent and as a secondary methylating agent, while 
trimethylanilinium hydroxide was primarily present as the 
methylating agent. 


Plasma samples, 100 pl, containing phenytoin were an- 
alyzed according to the procedure of Orme et al. (7) with 
the following modifications. To a 100-pl plasma sample was 
added 100 p1 of freshly prepared 10?? metaphosphoric acid. 
This addition was necessary because an interfering amine 
prodrug of phenytoin of low pKa was present in the plasma 
samples. Metaphosphoric acid also quenched the conver- 
sion of the prodrug to phenytoin. For normal samples, the 
addition of monobasic sodium phosphate, as suggested by 
Orme et al .  (7), is sufficient. 


Two milliliters of toluene containing 1.4 pg of 544- 
methylphenyl)-5-phenylhydantoin was then added to the 
treated plasma sample, and the sample was vortexed vig- 
orously for 1 min and then centrifuged. Approximately 1.8 
ml of the toluene layer was removed by pipet. The toluene 
was then extracted with 25 p1 of 50% (v/v) methanol-water 
that was 0.1 M in tetramethylammonium hydroxide and 
0.01 M in trimethylanilinium hydroxide. This addition of 
the 25 p1 of methanol-water to the toluene while vortexing 
was crucial for efficient extraction. After vortexing for 1 
min and centrifuging, the upper toluene layer was removed 
by aspiration. 
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One microliter of the aqueous methanolic solution was 
then injected into a gas chromatograph1 equipped with a 
flame-ionization detector. A 1.8-m glass column2 (2 mm 
i.d.) was packed with 3% OV-17 on 100-120-mesh Gas 
Chrom Q3. The following conditions were used: injector 
temperature, 260"; column temperature, 210"; detector 
temperature, 250"; nitrogen flow, 35 ml/min; hydrogen 
flow, 50 ml/min; and compressed air (19-23% 0 2  and 
77-81% N2) flow, 300 ml/min. The retention times for 
phenytoin and the internal standard were 4.1 and 5.8 min, 
respectively. With 0.5 M trimethylanilinium hydroxide in 
place of tetramethylammonium hydroxide (0.1 M)-tri- 
methylanilinium hydroxide (0.01 M) and identical column 
conditions, the interfering peak had a retention time of 5.6 
min. 


Peak height ratios were used to prepare standard curves 
in the 1-20-pglml range. The lower limit of sensitivity was 
0.5 pg/ml, and repeated injections showed assay repro- 
ducibility in the &0.5-pg/ml range. 


With the described procedure, a clean chromatogram 
that was easily quantitated was obtained. The phenytoin 
peak at  the higher sensitivity settings, i.e., low concen- 
tration range, did elute on the solvent front tailing. How- 
ever, if analysis time is not critical, the column temperature 
can be lowered slightly, resulting in a slightly longer re- 


' Varian Aerograph model 2100, Walnut Creek, Calif. 
Supelcoport, Supelco, Inc., Supelco Park, Bellefonte, Pa. 
Applied Sciences Laboratories, State College, Pa. 
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tention time but a better chromatogram for quantitation 
purposes. 


Use of the mixed methylating agents apparently pro- 
vides sufficient methylating and alkalizing properties while 
minimizing peak interferences resulting from high con- 
centrations of trimethylanilinium hydroxide and the rel- 
atively poor methylating capability of tetramethylam- 
monium hydroxide. 
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REVIEWS 


Textbook of Organic Medicinal and Pharmaceutical Chemistry. 
7th ed. Edited by CHARLES 0. WILSON, OLE GISVOLD, and 
ROBERT F. DOERGE. Lippincott, East Washington Square, Phila- 
delphia, PA 19105,1977.1085 pp. 18 X 26 cm. Price $33.00. 
The seventh edition of this book represents a continued effort of the 


editors to provide a useful undergraduate pharmacy textbook. The book 
includes a discussion of all products described in USP XIX, NF XIV, and 
"Accepted Dental Remedies," as well as other important pharmaceuticals. 
The introductory material of a few chapters has been completely re- 
written, but the overall format remains essentially unchanged. 


Three major changes in style represent a departure from the older 
editions and will considerably improve the practical application of the 
textbook. One outstanding feature is the extensive use of tables to focus 
attention upon groups of therapeutic agents in common use (a combi- 
nation of chemical and pharmacologic classification). The information 
provided by the tables includes the official title of the drug, proprietary 
name(s), official dosage forms, usual dose and route of administration, 
and usual dose range. For the appropriate drugs, the usual pediatric dose 
is given in terms of body weight and body surface. 


A second outstanding feature of this edition is the addition of appen- 
dixes. Material relative to pharmaceutic aids and necessities has been 
extracted from the several chapters of the older editions and placed in 
one appendix. The title of another appendix, Amine Salts, is misleading, 


because it actually provides the USAN designations, chemical names, 
and structural formulas of the anions of the more common organic acids 
used to form salts with amines. A third appendix provides a referenced 
list of pKa values of several drugs and reference compounds. A fourth 
appendix provides an alphabetical list of official titles of chemical entities 
in the USP and NF. For each title, the Chemical Abstracts Service Index 
Name and Registry Number, IUPAC name, empirical formula, and 
molecular weight are given. 


A third change from the previous editions is deletion of the material 
previously discussed in Chapters 4-8, thus reducing the number of 
chapters to 24. Much of the deleted material has been placed in other 
appropriate chapters and in an appendix. 


All chapters now include literature citations and a selected reading 
list. 


The titles of the remaining 24 chapters are the same as those of the 
sixth edition. But seven of the chapters were contributed by different 
authors, thus giving a different slant to the introductory material in each. 
In the seventh edition, the new authors are Robert F. Doerge, Sulfon- 
amides and Sulfones with Antibacterial Action (Chapter 6) and Adren- 
ergic Agents (Chapter 12); H. Wayne Schultz, Surfactants and Chelating 
Agents (Chapter 7); Arnold R. Martin, Antibiotics (Chapter 9); Dwight 
S. Fullerton, Steroids and Therapeutically Related Compounds; and 
Jaime N. Delgado, Carbohydrates (Chapter 21) and Amino Acids, Pro- 
teins, Enzymes, and Hormones with Protein-like Structure (Chapter 
22). 


The purchaser should be aware of several printing errors that appear 
in Chapter 20. If the Errata list mailed to schools of pharmacy in January 
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Table 111-Reproducibility of Results 
Nadolol RSD, % 


10 2.22 
80 1.00 


200 1.41 


0.04 1.39 
20.00 0.73 


Serum, ng/ml 


Urine, gg/ml 


Standard curves were prepared in the ranges between 0 and 0.03,O and 
0.2,O and 2, and 0 and 20 pglml. Fluorescence was proportional to nadolol 
concentration. Concentrations in all ranges tested produced straight lines 
that passed through the origin. The fluorescence spectrum of nadolol at 
different concentrations was recorded (Fig. 3). 


The recovery study was carried out by the addition of nadolol in 0.1 
N HCI to 5-ml serum blanks or 1-ml urine blanks. Recovery from serum 
varied from 93.3% for a low concentration of nadolol to 103.3% (Table i); 
from urine, recovery varied from 99.6 to 104% (Table 11). 


The reproducibility of results was checked by analyzing spiked samples 
10 times (Table 111). 


Standard nadolol acid solutions are stable at room temperature at least 
1 week and at  5’ at  least 3 months. 


The method has performed reliably in a number of clinical studied7. 
For example, serum and urine nadolol levels after oral administration 
of a single 80-mg dose to a male patient are shown in Figs. 4 and 5. It is 
believed that only unchanged drug produces fluorescence when oxidized 
and coupled with 111.4-Hydroxynadolol does not fluoresce. 
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Influence of Crystal Form on Tensile Strength of 
Compacts of Pharmaceutical Materials 


M. P. SUMMERS*, R. P. ENEVER*X, and J. E. CARLESS 


Abstract 0 The tensile strengths of compacts of different crystal forms 
of aspirin, sulfathiazole, and barbital were determined with a modified 
tablet hardness tester. For each material, the tensile strength could be 
correlated with the amount of plastic flow and/or crushing undergone 
by each crystal form during compression. 


Keyphrases 0 Crystal form-effect on tensile strength of compacts of 
aspirin, sulfathiazole, and barbital Tensile strength-compacts of 


aspirin, sulfathiazole, and barbital, effect of crystal form 0 Aspirin- 
compacts, effect of crystal form on tensile strength 0 Sulfathiazole- 
compacts, effect of crystal form on tensile strength 0 Barbital-com- 
pacts, effect of crystal form on tensile strength 0 Tablets-aspirin, sul- 
fathiazole, and barbital, effect of crystal form on tensile strength 0 
Dosage forms-tablets, aspirin, sulfathiazole, and barbital, effect of 
crystal form on tensile strength 


Previously, the use of a physical testing instrument’ for 
measurement of the tensile strengths of compacts of 
pharmaceutical materials was reported (1). A subsequent 
study (2) indicated that the test could be used to predict 
the tensile strength of lactose compacts, and another report 


(3) indicated that this parameter was a fundamental ma- 
terial property independent of the compact dimensions. 


The present paper describes the use of a modified tablet 
hardness tester2 for measuring the tensile strength of 


* Erweka type TBT tester, Erweka Apparatebau GmbH, Main, West Germa- 
1 Instron Engineering Corp., Park Ridge, Ill. ny. 
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Modification and Calibration of Tablet Hardness Test&-The 
platen assembly of the tester (4) was replaced by smooth, flat-faced, 
platens of 3-mm thick mild steel. The upper platen was 13 X 26 mm, and 
the lower platen was 26 mm square. To determine the compact breaking 
load, four foil strain gauges3 were bonded onto the 12-mm diameter shank 
of the upper platen (Fig. 1). The gauges were placed diametrically op- 
posite one another in a Poisson arrangement (5) and connected so that 
each was an active arm of a Wheatstone bridge circuit. They were pro- 
tected from damage by a coating of a silicone rubber compound4. 


A carrier amplifier5 (oscillator frequency 5 kHz, input voltage 1 v) was 
used to energize the bridge network. The output from the network was 
displayed on a UV galvanometer recorder6. 


The strain-gauge assembly on the upper platen was calibrated by 
placing a yoke on the shank and loading 1-kg weights onto the yoke to 
apply compressive forces of up to 12 kg (Fig. 1). The relationship between 
galvanometer deflection and applied force was recorded and was linear 
over this range. 


Compacts for  Tensile Strength Measurements-To evaluate the 


3 Micro Measurements type EA-06-125-BT-120, 120 f 0.15% R resistance, 


4 R.S. Components, London, England. 
Welwyn Strain Measurements Ltd., Basingstoke, England. 


Hempstead, England. 


Honeywell Controls Ltd., Hemel Hempstead, England. 


Honeywell type 2506 carrier amplifier, Honeywell Controls Ltd., Hemel 


Honeywell 1706 Visicorder equipped with type BB250A mirror galvanometer, 


m 7.5 I 


I Y I  I I 
500 1000 1500 
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Figure 2-Breaking load of spray-dried lactose compacts a t  a range 
of axial compaction forces. Key: 0, 600-mg compacts; and A, 700-mg 
compacts. 


modified tester, spray-dried lactose7 (104-152-pm) compacts of 600 and 
700 mg were prepared using an instrumented tablet machine8 to apply 
axial forces of 1080,1390,1720,2015,2380, and 3000 kg (6). The compacts 
were aged for 24 hr before determining their tensile strength. The need 
to standardize compact age was advised previously (7). 


Compacts also were produced from various crystal forms of barbital, 
sulfathiazole, and aspirin. Forms I1 and I11 of barbital were obtained by 
recrystallization of a commercial sample9 from water and a dilute am- 
moniacal aqueous solution, respectively; Form I was prepared by heating 
Form I1 at  160' until transformation was complete (10-20 min). 


Sulfathiazole Forms I and I1 were produced by recrystallization of 
sulfathiazole1° from water and 1-propanol, respectively. Both 190-251- 
and 104-152-pm fractions of these various crystal forms were used for 
the compacts. Aspirin Forms I, 11, and IV were produced by recrystalli- 
zation of a commercial samplell from 96% ethanol at 20°, n-hexane at 
Oo, and n-octane at 20°, respectively. The 250-253-pm sieve fraction was 
collected in all cases. 


With each crystal form, the die of the tablet machine was filled with 
a weight of material that produced a compact 4.0 f 0.2 mm in thickness 
at each force level. These force levels were chosen so that the data could 
be correlated with the radial stress transmission characteristics of the 
crystal forms (6). The compacts also were stored for 24 hr before test- 
ing. 


To characterize the various crystal forms and to ensure that trans- 
formation did not occur during the compaction process, crystals and 
compacts were subjected to differential scanning calorimetry1* and, where 
appropriate, IR spectroph~tometryl~ as described elsewhere (6). 


Measurement of Tensile Strength-The dimensions of each com- 
pact were measured with vernier calipers (f0.01 mm) prior to the test. 
Strips of paper (1.3 mm wide X 0.1 mm thick) were placed between the 
platens and the compact as padding material throughout the test. The 
machine was operated in the normal manner to apply an increasing force 
to the compact via the top platen at a rate of 0.4 kg/sec. 


When the compact failed, the tester stopped automatically and the 
galvanometer deflection of the UV recorder rapidly returned to zero. The 
failure load was calculated from the maximum galvanometer deflection. 
Only data for those compacts that appeared to have failed in tension were 


7 a-Monohydrate form, McKesson and Robbins Ltd., Kent, England. 
8 Manesty E2 tablet machine, Manesty, Speke, Liverpool, England. 
9 British Drug Houses Ltd., Poole, Dorset, England. 
10 Evans Medical Ltd., Liverpool, England. 
11 Aspro-Nicholas Ltd., London, England. 


l3 Unicam SP200 recording spectrophotometer, Pye-Unicam, Cambridge, En- 
DSC 1, Perkin-Elmer, Beaconsfield, Bucks., England. 


gland. 
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Figure 3-Variation of tensile strength of lactose compacts with ap-  
plied axial force. Key: 0 ,600-mg compacts; and A, 700-mg compacts. 


used. Tensile failure was checked by visual observation of the fractured 
compacts. The tensile strength, u, of each compact was calculated 
using: 


g=- (Es. 1) 


where P is the breaking load, D is the compact diameter, and t is the 
compact thickness. An average value was determined from the failure 
of five compacts prepared at  each compression level. 


2P 
TDt 


RESULTS AND DISCUSSION 


Evaluation of Tensile Tester Using Lactose Compacts-Figure 
2 shows the relationship between breaking load, P, and the axial force 
of compaction for 600- and 700-mg lactose compacts; differing linear 
relationships were obtained. If, however, the data are plotted as tensile 
strength against axial force (Fig. 3), then all points fall on a single straight 
line. Repeated determinations gave results that fell on this line. If only 
the compacts failing in tension are used to calculate results, the repro- 
ducibility of the measurements is good and the modified tester affords 
a method of tensile strength measurement. Furthermore, since tensile 
strength is independent of compact dimensions, it is a fundamental 
material property. 


The rejection rate of compacts not showing tensile failure varied con- 
siderably. A t  the lowest compression forces used, and with materials 
prone to lamination and capping, the rejection rate was 50-60%. For 
materials possessing good bonding characteristics, the rejection rate could 
be as low as 5%. This variability in rejection rate may be due to the fact 
that the loading rate of 0.4 kglsec may be excessive and not ensure uni- 
form stress distribution in the compact on each occasion. This problem 
is aggravated by unequal distribution of density (8) and hardness (9) in 
the compact. Another factor is that, at the low compression forces where 
there may be little appreciable bonding between the particles, the elastic 
rebound of the unbonded particles may adversely affect the stress dis- 
tribution throughout the compact because of flaw formation. 


Figure 3 also shows that deviation of mean tensile strength from the 
linear relation occurred with the 600-mg compacts a t  the highest com- 


M E A N  COMPRESSIVE FORCE, kg 


Figure I-Tensile strength of compacts of sulfathiazole polymorphic 
forms (104-152 rm). Key: 0, Form I; and A ,  Form II .  


300 600 900 
M E A N  COMPRESSIVE FORCE, kg 


Figure 5-Tensile strength of compacts of barbital polymorphic forms 
(104-152 pm). Key: 0, Form I; 0, Form 11; and A, Form I l l .  


pression force used. The relatively low value of tensile strength under 
these conditions is attributed to the fact that no significant additional 
particle-particle bonds are formed at  these higher pressures and the 
tensile strength tends to a constant value. Rees and Shotton (10) noticed 
a similar effect when investigating the effect of compact dimensions on 
the crushing strength of sodium chloride tablets. 


Influence of Crystal Form on Tensile Strength of Pharmaceutical 
Compacts-The relationships between tensile strength and mean 
compression force (mean of axial and radially transmitted forces) for the 
various crystal forms of sulfathiazole, barbital (104-152 rm), and aspirin 
(253-353-pm size) are shown in Figs. 4 ,5 ,  and 6, respectively. For any 
given mean compressive force, the tensile strength of sulfathiazole 
compacts was Form I1 > Form I (Fig. 4); for barbital, it was Form I11 > 
Form I > Form I1 (Fig. 5). 


The tensile strength of a compact of any material is a function of the 
area of contact between the particles and the strength of the bond pro- 
duced between them. Since the less stable polymorphic form of a material 
is considered to possess higher potential energy and weaker bonding ( l l ) ,  
the strength of the particle-particle bond should be less than that of the 
stable form. However, the area of contact between particles depends on 
the degree of plastic flow or crushing of particles during compression, and 
this is likely to be greater for an unstable polymorphic form that will have 
lower resistance to plastic flow and crushing. 


The degree of plastic flow and/or crushing during compression was 
evaluated by Leigh (12), who measured the change in the relative density 
of a compact, 9, during this stage of compaction. Summers (13) deter- 
mined the $ values for the various crystal forms of sulfathiazole and 
barbital (104-152 pm) used in this study. These data are shown in Table 
I together with the tensile strength value of the compacts at an arbitrary 
mean compression force of 400 kg; a correlation between 9 and tensile 
strength existed. Since barbital Form I1 and sulfathiazole Form I are the 
stable polymorphic forms of the two materials and compacts of these 
forms have the lower tensile strengths, the findings suggest that the ov- 
erriding influence on compact strength is the area of contact developed 


Figure 6-Tensile strength of compacts of  aspirin crystal forms 
(250-353 pm). Key: A, Form I; and 0, Form IV. 
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Table I-Comparison of Tensile Strength of Compacts 
Compressed at a Mean Force of 400 kg and the Relative Density 
Chanae Occurrina during Plastic Flow and/or Crushing, 6 


Tensile Strength, 
Crvstal Form kn/cm2 &J 


Barbital (104-152 pm) 
Form I 2.8 f 0.1 0.21 f 0.008 
Form I1 2.0 f 0.2 0.21 f 0.008 
Form I11 3.8 f 0.1 0.23 f 0.007 


Form I 1.9 f 0.1 0.22 f 0.008 
Form I1 4.2 f 0.2 0.24 f 0.008 


Sulfathiazole (104-152 pm) 


~ ~~~~~ ~~ 


As irin (250-353 pm) 
Form I 
Form IV 


3.8 f 0.1 
8.4 f 0.2 


0.14 i 0.008 
0.23 f 0.007 


between particles in the powder bed rather than the bond strength be- 
tween particles. Support for this hypothesis is obtained from the data 
relating particle size to tensile strength of barbital Form I1 and sul- 
fathiazole Form I compacts (Table 11). A t  any mean compression force, 
the smaller particle-size fraction of both drugs produced the stronger 
compact. There will be a greater number of point contacts within com- 
pacts made from the smaller fraction and, hence, a greater area of contact 
between particles. 


Compacts of the aspirin crystal forms also showed differences in tensile 
strength at a given mean compression force (Fig. 6). Tensile strength 
values could not be obtained for compacts of aspirin Form I1 because of 
the layering tendency of the needle-shaped crystals (6). When Form I1 
compacts were subjected to diametral crushing, the compacts laminated. 


Table 11-Influence of Particle Size on the Tensile Strength of 
Barbital and Sulfathiazole Compacts over a Range of Mean 
Compression Forces 


Mean Tensile Strength, kg/cm2 f 0.1 
Compressive Barbital Form I1 Sulfathiazole Form I 


Force. ke 104-152 um 190-251 um 104-152 um 190-251 um 


610 3.4 2.9 3.3 2.5 
713 4.1 3.3 4.0 2.7 
815 4.8 3.7 4.7 2.9 
97 7 5.5 4.3 5.3 3.1 


As with the polymorphic forms of sulfathiazole and barbital, there was 
a correlation between 6 and the tensile strength of the compacts for as- 
pirin Forms I and IV. The lower melting-point Form IV had the higher 
tensile strength at any given mean compression force, again indicating 
that the area of contact between particles is the overriding influence on 
compact strength for materials existing in different crystal forms. 
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Degradation Kinetics of a Substituted Carbinolamine in 
Aqueous Media 


H. V. MAULDING and M. A. ZOGLIO * 


Abstract 0 The apparent first-order breakdown of the medicinally ac- 
tive agent 3-(p-chlorophenyl)-2-ethyl-2,3,5,6-tetrahydroimidazo[2,1- 
b] thiazol-3-01 was studied in aqueous solutions where dehydration gave 
the unsaturated compound 3-(p-chlorophenyl)-5,6-dihydro-2-ethylim- 
idazo[2,1-b]thiazole. This thiazole was the primary solvolytic product 
produced in approximately quantitative yields for the temperature range 
studied and ostensibly underwent no further reaction in acidic media even 
on prolonged heating. Investigations were carried out at various pH values 
in standard buffers at constant ionic strength. The ionization constants 
of the compounds are reported as well as the apparent activation energies 
for the degradation in acid and acetate buffers. The influence of ionic 


strength on the velocity constant was determined. 


Keyphrases 0 Thiazol-3-01, substituted-kinetics of degradation in 
aqueous media, effect of temperature, pH, and ionic strength Degra- 
dation kinetics-substituted thiazol-3-01, in aqueous media, effect of 
temperature, pH, and ionic strength Kinetics, degradation-substi- 
tuted thiazol-3-01, in aqueous media, effect of temperature, pH, and ionic 
strength 0 Anorexic agents, potential-3-(p-chlorophenyl)-2-ethyl- 
2,3,5,6-tetrahydroimidazo[2,1-b] thiazol-3-01, kinetics of degradation in 
aqueous media, effect of temperature, pH, and ionic strength 


The degradation kinetics of 3-(p-chlorophenyl)-2- 
ethyl-2,3,5,6-tetrahydroimidazo[ 2,l -b] thiazol-3-011 (I) 


were investigated in aqueous solution at varying hydro- 
gen-ion concentrations. 


Compound I exhibits anorexic activity, and its break- 
down in aqueous media is important in the formulation of * No. 43976, Sandoz Pharmaceuticals, Hanover, NJ 07936. 
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Pharmaceutical Applications of Solid Dispersion Systems: 
X-Ray Diffraction and Aqueous Solubility Studies on 
Griseofulvin-Polyethylene Glycol 6000 Systems 


WIN L. CHIOU 


Abstract 0 The X-ray diffraction method was used to characterize 
physicochemical properties of griseofulvin dispersed in polyethylene 
glycol 4000 and 6000. Results indicate a negligible or very limited solid 
solubility of griseofulvin in the pulverized solid dispersions. Pulverization 
and aging had pronounced effects on the X-ray diffraction spectrum. 
Results from aqueous solubility studies of griseofulvin in various con- 
centrations of polyethylene glycol 6000 further indicate weak or insig- 
nificant interactions between the drug and the carrier. Mechanisms are 
postulated to account for the reported marked enhancement of dissolu- 
tion rates and oral absorption of griseofulvin dispersed in these car- 
riers. 


Keyphrases Griseofulvin-dispersed in polyethylene glycol 6000, 
X-ray diffraction study, aqueous solubility, effects of pulverization and 
aging Polyethylene glycol 6000-dispersions with griseofulvin, X-ray 
diffraction study, aqueous solubility, effects of pulverization and aging 
0 Solid dispersions-griseofulvin-polyethylene glycol 6000, X-ray dif- 
fraction study, aqueous solubility, effects of pulverization and aging 0 
Dispersions, solid-griseofulvin-polyethylene glycol 6000, X-ray dif- 
fraction study, aqueous solubility, effects of pulverization and aging 
Solubility, aqueous-griseofulvin-polyethylene glycol 6000 dispersions, 
X-ray diffraction study n X-ray diffraction-study, griseofulvin-poly- 
ethylene glycol 6000 dispersion, effects of pulverization and aging 0 
Antifungal agents-griseofulvin dispersed in polyethylene glycol 6000, 
X-ray diffraction study, aqueous solubility 


The in uitro dissolution and oral absorption of griseo- 
fulvin in dogs and humans were markedly enhanced by the 
formation of solid dispersions in polyethylene glycol 6000 
(1-3). Recently, these results were confirmed with a newly 
introduced commercial product1 in single- (4) and multi- 
ple- ( 5 )  dose studies using larger numbers of test subjects. 
The new product requires only half of the dose recom- 


* Gris-PEG, Dorsev Laboratories, Lincoln, Neb 


mended for conventional micronized products. Further- 
more, the incidence of side effects decreased with this new 
formulation (5). 


Although it was proposed that the enhancement of 
dissolution and absorption of griseofulvin dispersed in the 
polymer was primarily due to the molecular and colloidal 
dispersion of the drug in the highly water-soluble carrier 
(1-3), no extensive experimental data regarding physico- 
chemical properties of such a dispersed system have been 
reported. 


This paper reports the detailed results of X-ray dif- 
fraction and aqueous solubility studies on such a system. 
The X-ray diffraction data do not support the previous 
postulate regarding the extensive formation of a solid so- 
lution of griseofulvin in polyethylene glycol polymers. The 
aqueous solubility study was performed to investigate the 
possible interaction between the drug and the polymer in 
an aqueous medium. Findings from the present study 
should be valuable to the development of solid dispersion 
dosage forms of other poorly water-soluble drugs utilizing 
the same type of carriers. Some preliminary results were 
discussed in a review article (6). 


Although different average molecular weights of poly- 
ethylene glycol polymers can be used as dispersion carriers 
(1-3), only polymer 6000 was studied in detail in the 
present investigation. This polymer has much less ab- 
sorption in the UV and visible region than polymer 20,000 
and thus interferes less with the direct spectrophotometric 
analysis of drugs (1). Furthermore, based on the author’s 
experience, the solid dispersions prepared with this poly- 
mer were generally much easier to pulverize than those 
prepared with other molecular weights of the polymer. 
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Figure 1-X-ray diffraction spectrum of thp unpuluerized resolidified 
melt ofgriseofuluin. 


EXPERIMENTAL 


Solid Dispersions-Griseofulvin2-polyethylene glycol 60007 solid 
dispersions containing 5,10,25, and 50% (w/w) griseofulvin were prepared 
by the melting method (1). After hardening, the melt was pulverized to 
a fine powder with a mortar and pestle. To study the effect of powdering 
on the X-ray diffraction pattern of the sample, some melts were poured 
directly into the sample holder used for the X-ray diffraction studies. 


X-Ray Diffraction Studies-The procedure used was described 
previously (7,8). The samples studied included the pure and resolidified 
griseofulvin and the polymers, solid dispersions and their physical mix- 
tures. 


Solubility Studies-Micronized griseofulvin, 10 mg, was evenly 
suspended in 15 ml of 0-10% (w/v) aqueous solutions of polyethylene 
glycol 6000 in screw-topped extraction tubes and equilibrated by shaking 
for 48 hr (a preliminary study indicated essentially a constant solubility 
value after 48 hr) in a constant-temperature water bath maintained a t  
22 f 0.5'. The suspensions were then filtered through a 0.22-pm filter4. 
The first 10 ml of the filtrate was discarded to saturate the adsorption 
sites for griseofulvin on the filter (9); the last 5 ml of the filtrate was an- 
alyzed for the concentration of griseofulvin a t  295 nm5. All experiments 
were performed a t  least in duplicate. The UV absorption, due to the 
presence of the polymer, was corrected in griseofulvin concentration 
determinations. 


RESULTS AND DISCUSSION 


X-ray diffraction spectra of the untreated griseofulvin and polyeth- 
ylene glycol 6000 were previously reported ( 6 ) .  In the present study, es- 
sentially identical spectra were also obtained after they were melted, 
solidified, and pulverized. This, however, was not the case for the un- 
pulverized resolidified griseofulvin melt (Fig. 1). The absence of major 
griseofulvin diffraction peaks indicates that an amorphous form existed 
in the unpulverized melt; this amorphous form is thought to convert to 
the crystalline form after pulverization. The observed glassy and brittle 
property of the melt and the appearance of an exothermic transition peak 
below the melting point when the melt was rerun in a differential thermal 
analyzerfi are also in accordance with the postulate of the amorphous state 
ofthe melt sample. This effect of pulverization on the crystallinity was 
not observed for polyethylene glycol 4000 and 6000. 


Major X-ray diffraction peaks of griseofulvin, particularly at  10.8,13.3, 
and 16.6' (8),  were all present in the pulverized dispersion samples 
containing 5-50% griseofulvin. A typical spectrum is shown in Fig. 2. The 
diffraction spectra of the 5% griseofulvin system were previously reported 
(6). The similarity of heights of the major diffraction peaks of griseofulvin 
in the physical mixture and dispersion samples with the same composi- 
tion indicates the limited or negligible solid solubility of griseofulvin in 
the polymer. This result is obviously different from the previous postu- 
lation of the extensive solid solution formulation (1). Similar findings 
were also obtained for the griseofulvin-polyethylene 4000 system. Based 
on these findings and analyses, the (pulverized) dispersed systems of 
griseofulvin in polyethylene glycol 4000 or 6000 should be classified as 
simple eutectic mixtures with negligible or limited solid solubility. This 
result is similar to the findings with chloramphenicol-urea (10) and 
griseofulvin-succinic acid (8) binary systems and different from the 
finding on sulfathiazole-urea binary system (7). 


Griseofulvin USP. McNeil Laboratories, Fort Washington, Pa. 
Carbowax, Union Carbide Corp., New York, N.Y. 
Millipore. 
Beckman DBG spectrophotometer, Beckman Instruments, Inc., Fullerton, 


DuPont 900 thermal analyzer, DuPont Instruments Co., Wilmington, Del. 
Calif. 


30 25 20 15 1 0  
26 DEGREE 


Figure %-X-ray diffraction spectra of 20% griseofuluin solid disper- 
sion in polyethylene glycol 6000. Key: top spectrum, unpulverized 
sample; and bottom spectrum, pulverized sample. 


X-ray diffraction spectra of the freshly prepared (within 2 hr) unpul- 
verized solid dispersions were quite different from those of freshly pre- 
pared or aged pulverized samples (Figs. 2 and 3). All major diffraction 
peaks of griseofulvin were absent. The most logical explanation is that  
the amorphous form of griseofulvin was precipitated from the melt after 
cwling, which is consistent with the observed formation of the amorphous 
form after resolidification of the pure griseofulvin melt, as discussed. The 
viscous property of the melt of the polymer also might retard the orderly 
crystallization of griseofulvin during the resolidification process. 


The absence of those diffraction peaks, particularly in samples con- 


30 25  20 15 10 
26 DEGREE 


Figure 3-X-ray diffraction spectrum of the freshly prepared unpul- 
verized sample of 50% griseofulvin solid dispersion in polyethylene 
glycol 6000. 
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Figure 4-Solubilities of griseofulvin in the presence of polyethylene 
glycol 6000. 


taining smaller fractions of griseofulvin, may also be attributed to the 
supersaturation of griseofulvin in the polymer caused by the retardation 
of the viscous polymer on the precipitation of griseofulvin (1,6) and/or 
the colloidal or ultrafine crystallization. When X-ray diffraction studies 
were repeated several days later, major diffraction peaks of griseofulvin 
appeared in all samples except for the 5% griseofulvin system. Identical 
results for the latter system were obtained even after 3 months of storage 
at room temperature. 


Intensive diffraction peaks of polyethylene glycol 6000 were present 
in all unpulverized, freshly prepared solid dispersions except for the 50% 
griseofulvin sample. I t  was soft and somewhat sticky 1 hr after prepara- 
tion, and the hardness increased with time. The hardness of freshly so- 
lidified melts increased with the increase in griseofulvin concentration. 
This phenomenon is somewhat similar to that observed in the eutectic 
mixture of the sulfathiazole-urea system (7). 


The effects of pulverization and aging on the X-ray diffraction pattern 
and hardness of the solid dispersions reported in this paper may also have 
some pronounced effect on their dissolution and absorption character- 
istics. The dissolution rate of sulfathiazole dispersed in urea with the 
eutectic composition decreased after storage (7). However, it is possible 
that no further changes in physical properties may occur after initial 
pulverization or a short period of storage. Identical dissolution profiles 
of griseofulvin were obtained for the pulverized samples of the 10% 
griseofulvin-90% succinic acid system and from its 10-20% dispersion 
in polyethylene glycol 4000 and 6000 even after 1 year of storage a t  am- 
bient temperature. These original dissolution studies (not on samples 
aged for 1 year) were reported previously (1). 


The absence of any X-ray diffraction peaks, other than those attributed 
to pure griseofulvin and the polymers in all solid dispersion samples, also 
indicates a lack of definite chemical complexation between the drug and 


the carrier polymer in their solid state. However, some interaction could 
be detected in their aqueous solutions, as shown by a moderate increase 
in the aqueous glycol 6000 (Fig. 4). Based on these data, the ratio for the 
number of molecules of the polymer required to solubilize one molecule 
of griseofulvin is 555. Since the ratio is so high, it is difficult to visualize 
the existence of any strong complexation between the two components. 
The high ratio can, however, be rationalized by the formation of a very 
weak complex with a high dissociation constant. The slight enhancement 
in the polymer solution can be equally well explained by the cosolvent 
effect of the polymer rather than by invoking complexation theory. 


Based on the results of the X-ray diffraction and aqueous solubility 
studies, the previously reported marked enhancement of dissolution and 
absorption rates of griseofulvin dispersed in the polyethylene glycol 
polymers was primarily due to the reduction of the size of griseofulvin 
crystals rather than to the formation of solid solution, complexation, or 
metastable polymorphic forms. The generally observed decrease in the 
dissolution rate as the fraction of griseofulvin in solid dispersions in- 
creased (1) can be rationalized by the formation of larger crystals of 
griseofulvin due to the presence of relatively less carrier. This approach 
is in analogy to the griseofulvin-succinic acid solid dispersion system 
(11). 


Other factors (6,7,11) such as increased wettability, reduction or ab- 
sence of aggregation, and agglomeration and solubilization of the drug 
by the carrier a t  the diffusion layer of particles may also partially con- 
tribute to the enhancement of dissolution and absorption rates of 
griseofulvin dispersed in the polyethylene glycol polymers 
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Indolizine Derivatives with Biological Activity 11: 
"-Substituted Hydrazides of 
2-Methyl-3-indolizinecarboxylic Acid 


FRANCESCO CLAUD1 x, MARIO GRIFANTINI, UGO GULINI, 
SANTE MARTELLI, and PAOLO NATALINI * 


Synthesis and study of the antimonoamine oxidase activity 
of some "-substituted hydrazides of 2-methyl-3-indolizinecarboxylic 
acid are reported. The activities were generally of about the same order 
as those of the corresponding hydrazides of 2-indolizinecarboxylic 
acid. 


Indolizine derivatives-various "-substituted hydra- 
zides of 2-methyl-3-indolizinecarboxylic acid synthesized, evaluated for 
effect on monoamine oxidase activity 0 Hydrazides, N'-substituted-of 
2-methyl-3-indolizinecarboxylic acid synthesized, evaluated for effect 
on monoamine oxidase activity Monoamine oxidase activity-effect 
of various "-substituted hydrazides of 2-methyl-3-indolizinecarboxyl- 
ic acid 0 Structure-activity relationships-various "-substituted hy- 
drazides of 2-methyl-3-indolizinecarboxylic acid synthesized, evaluated 
for effect on monoamine oxidase activity 


Previously (I), the synthesis and in uitro antimono- 
amine oxidase activity of a series of N'-substituted hy- 
drazides of 2-indolizinecarboxylic acid, analogs of the 
well-known hydrazides of indolecarboxylic acids (2), were 
reported. The compounds were prepared for an investi- 
gation on analogs of biologically active indole derivatives 
in which indole was replaced by indolizine, which is related 
to it in structure and reactivity. To study structure-ac- 
tivity relationships in this new type of monoamine oxidase 
inhibitor, a series of "-substituted hydrazides of 2- 
methyl-3-indolizinecarboxylic acid was prepared to de- 
termine the importance of the type of acyl radical. 


In hydrazides of indolecarboxylic acids having the same 
alkyl radical on the "-nitrogen, the activity is greater, at 
least within the limits in which such comparisons can be 
made, for derivatives in the 3-position (2). 


EXPERIMENTAL 


Chemistry-The "-substituted hydrazides of 2-methyl-3-indol- 
izinecarboxylic acid (XIV-XXII) were synthesized according to Scheme 
I. By reaction with aldehydes and ketones, 2-methyl-3-indolizinecar- 
bohydrazide (I) provided the corresponding hydrazides (11-XIII) which 
were reduced with sodium borohydride. 


It was not possible to reduce the p-methylbenzylidenehydrazide (X) 
by this method, and it was effected with lithium aluminum hydride. In 


spite of numerous attempts under various experimental conditions, it 
was not possible to reduce the benzylidenehydrazide (VIII), the 3,4- 
methylenedioxybenzylidenehydrazide (IX), and the Lu-methylbenzyli- 
denehydrazide (XI) by the methods described. At  the end of each re- 
duction, the IR spectrum of the product obtained lacked the band 
characteristic of the C=N group of the initial hydrazides. 


Synthesis'-N'-Alkylidene- and N'-Arylalkylidenehydrazides (II- 
XIII)-The appropriate aldehyde or ketone (0.006 mole) was added to 
a solution of 0.005 mole of I (3) in 65 ml of methanol. The mixture was 
stirred at  room temperature or was heated for various times. With the 
3,4-methylenedioxybenzaldehyde and ketones, the reaction was pro- 
moted by the addition of 0.005 mole of acetic acid. The products pre- 
cipitated directly on cooling or by concentration of the solution and were 
crystallized from anhydrous ethanol (Table I). 


N'-Alkyl- and N'-Arylalkyl-2-methyl-3-indolizineearbohydrazides 
(XIV-XZX, XXI, and XXZZ)-Sodium borohydride (0.10-0.20 mole) 
was added slowly and with stirring to 0.021 mole of the appropriate hy- 
drazide (11-VII, XII, or XIII) dissolved in the minimum amount of sol- 
vent. After the addition, stirring was continued for 5 hr. Then the solvent 
was driven off under vacuum, and the residue was treated with water and 
extracted with ether. The organic solution was dried over sodium sulfate, 
and the solvent was removed under reduced pressure. The residue was 
recrystallized from anhydrous ethanol (Table 11). 


N'-p-Methylbenzyl-2-methyl-3-indolizinecarbohydrazide (XX) 
-Compound X (0.0046 mole), in 50 ml of anhydrous tetrahydrofuran, 
was added to a suspension of 0.021 mole of lithium aluminum hydride 
in 20 ml of anhydrous tetrahydrofuran. The mixture was boiled under 
reflux for 5 hr and was stirred overnight a t  room temperature. Excess 
lithium aluminum hydride was destroyed with water-saturated ether. 
The mixture was filtered, the solvent was driven off from the filtrate 
under reduced pressure, and the residue was recrystallized from anhy- 
drous ethanol, yielding 45%, mp 124-125O. 


Antimonoamine Oxidase Activity In Vitro-The compounds (Table 
11) were tested in uitro as inhibitors of pig plasma monoamine oxidase 
at  37O and pH 6.98 using a spectrophotometer2 at  253 nm. The enzyme 
preparation and the test procedure were described previously (1). The 
inhibitors were added as solutions in dioxane. The 150 values (Is0 = molar 
concentration of the inhibitor producing 50% inhibition) were calculated 
graphically. 


RESULTS AND DISCUSSION 


All compounds tested were 3-7.5 times as active as iproniazid, used 
as a reference standard, in the inhibition of monoamine oxidase (Table 
11). In comparison to the corresponding hydrazides derived from 2-in- 
dolizinecarboxylic acid (I), I, XIV-XX, and XXII were less active, even 
if sometimes only slightly; the exception was XXI. The unsubstituted 
hydrazide (I) showed an activity one-tenth of that of the hydrazide of the 
preceding series (1). Apart from this last case, however, the position of 
the acyl radical in the indolizine system apparently did not have an ex- 
cessively important role in the activity of the compound. 


Concerning the type of substituent on the "-nitrogen of the hydrazide 
chain, arylalkyl groups generally exercised a more favorable influence 
than simple alkyl groups. In the series having the alkyl group, the activity 
decreased with an increase in chain length (XIV-XVI); with the same 
number of carbons, branching appeared to have a positive effect (XVI 
and XVII). 


* Melting points were determined with a Buchi apparatus and are not corrected. 
IR spectra were taken in mineral oil using a Perkin-Elmer 257 spectrophotome- 
ter. 
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Table I-" -Alkylidene- and N-Arylalkylidenehydrazides 


Reaction 
Time, hr/ Analysis, % 


Com- Reaction Melting Molecular 
pound R Temperature Point Yield, % Formula Calc. Found 


I1 


111 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XI1 


XI11 


CHCH, 


CHCH,CH3 


CHCH,CH,CH3 


3/20" 


12/20" 


12/20" 


3/40" 


2/40" 


3/40" 


121 20" 


1/20" 


1/40" 


24/50" 


2/40" 


8/40" 


17  7-1 79" 


148-150" 


158-159" 


1 0  1 - 1 0  2" 


158-160" 


130-131" 


190-192" 


202-204" 


185-187" 


167-169" 


130-13 1" 


11 8-1 19" 


73 


65 


76 


65  


75 


70 


86  


88 


80 


74 


81 


82 


C 1 2 H 1 3 N 3 c '  


C 1 3 H 1 S N 3 0  


c I 3 1  J ,  C' 


C14H17N3c' 


1 SH 1 7N3 " 


1 6 1 9N3  " 


c l  7 H 1  S N 3 0  


C 1 8 H l  SN3"3 


1 8 1 T N 3  '' 


C18Hl  'IN,' 


C19H19N30 


C20HZ 1 N3° 


C 66.95 
H 6.09 
N 19.52 
C 68.10 
H 6.59 
N 18.33 
C 69.11 
H 7.04 
N 17.27 
C 69.11 
H 7.04 
N 17.27 
C 70.56 
H 6.71 
N 16.46 
C 71.34 
H 7.11 
N 15.60 
C 73.63 
H 5.45 
N 15.15 
C 67.28 
H 4.71 
N 13.08 
C 74.20 
H 5.88 
N 14.42 
C 74.20 
H 5.88 
N 14.42 
c 74.73 
H 6.27 
N 13.76 
C 75.21 
H 6.63 
N 13.16 


67.11 
6.03 


19.41 
68.21 


6.54 
18.11 
68.97 


7.13 
17.04 
69.21 


6.94 
17.15 
70.42 
6.88 


16.31 
71.62 


7.14 
15.48 
73.70 


5.71 
15.02 
67.12 


4.72 
13.20 
74.02 


5.80 
14.35 
74.29 


5.91 
14.59 
74.87 
6.12 


13.54 
75.37 


6.71 
13.40 - 


Table 11-N -Alkyl- and N -Arylalkyl-2-methyl-3-indolizinecarbohydrazides and Their Monoamince Oxidase Inhibitory Activity 


Reac- Analysis, % 
Com- tion Melting Yield, Molecular 
pound R Solvent0 Point 5% L o  X b  Fo:rmula Calc. Found 


Ipro- 
niazicl 


I 
XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


H 
CH,CH, 


CH,CH,CH3 


CH,CH,CH,CH, 


0 
0 
CH2C,H,-p-CH3 


- 


- 
A 


A 


A 


A 


B 


B 


- 


A 


B 


- 
- 


127-128" 


113-1 14" 


95-97" 


94-95" 


121-1 23" 


1 21- 122" 


124-125" 


103-104" 


97-98' 


- 
- 
75 


79 


60 


72 


63  


7 1  


45 


83 


79 


9.42 x 10-4 


1.6 x 10-4 
2.15 x 10-4 


2.45 x 10-4 


3.14 x 10-4 


2.08 x 10-4 


2.25 x 10-4 


2.5 x 10-4 


1.87 X 


1.26 x 10-4 


2.29 x 10-4 


1 


5.89 
4.38 


3.84 


3 


4.53 


4.19 


3.77 


5.04 


7.48 


4.11 


- 


- 
1 ,"I S N 3  


C13H17N30 


I 4  'I I 9 N 3  ' 
c l  4&[1 9N30 


'1 SH19N30 


'1 6"2 1 N3° 


C, ,EI19N30 


C I HZ IN3 0 


c Z  0 3 N 3  


- 


- 
C 66.34 
H 6.96 
N 19.34 
C 67.50 
H 7.41 
N 18.17 
C 68.54 
H 7.81 
N 17.13 
C 68.54 
H 7.81 
N 17.13 
C 70.00 
H 7.44 
N 16.33 
C 70.82 
H 7.80 
N 15.49 
C 73.69 
I3 6.53 
N 14.33 
C 74.24 
H 6.89 
N 13.67 
c 74.74 
H 7.21 
N 13.07 


- 


- 
66.50 


7.01 
19.52 
67.61 


7.29 
18.29 
68.62 


7.70 
17.19 
68.71 


7.92 
16.97 
70.13 


7.35 
16.22 
70.65 


7.64 
15.68 
73.87 


6.49 
14.48 
74.45 


6.81 
13.72 
74.53 


7.27 
13.20 


a Solvent A = methanol; Solvent B = ethanol-methanol (1: 1). X = ( I so  iproniazid/I,, compound). 
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Among the cycloalkyl substituents, the cyclopentyl group had a more 
favorable action than the cyclohexyl group. 
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Correction t o  “Ionization Constants of 
Cephalosporin Zwitterionic Compounds” 
~~ ~ 


Keyphrases 0 Ionization constants-cephalosporin zwitterionic 
compounds, error in equations corrected 0 Cephalosporin zwitterionic 
compounds-ionization constants, error in equations corrected 0 
Zwitterionic cephalosporin compounds-ionization constants, error in 
equations corrected 


To the Editor: 
In reviewing the derivation given in the paper “Ioniza- 


tion Constants of Cephalosporin Zwitterionic Compounds” 
(l), it was found that a factor was dropped in Eq. 12. This 
omission introduced an error into succeeding equations, 
and it is the purpose of this communication to correct this 
error. 


The experimental results and calculations were made 
using the equations shown below rather than those in the 
paper and, therefore, do not need to be changed. In addi- 
tion, the Results and Discussion section is correct in the 
paper. 


The correct form of Eq. 12 is: 


The correct form of Eq. 13 is: 


IIZI - WI = lH+)2 YNR- 
Y+HNRH 


K3{H+)- YNR- ([B] + - IH+I - ~ K‘ 
YNRH YH+ IH+IYoH- - [A]) + 


K 3 K 4 ( [ B ] + / H + ) - z - 2 [ A ] + [ Z ] l  YH+ IH+IYoH- 


The correct form of Eq. 14 is: 


6 = Kzt + K3K4F 


A plot of S l [  versus t/[ will be linear with a slope of K3 and 
S/[ will equal K3K4 at  t/[ = 0. Also, the value of d[ at  S l [  
= 0 will equal -K4. 


Equation 14 (as corrected here) may be solved using 
simultaneous equations by utilizing titrimetric and spec- 
trophotometric data obtained at each of two pH values. By 
labeling the two sets of data as 1 and 2, K3 and K4 can be 


calculated according to: 


which are the corrected forms of Eqs. 15 and 16, respec- 
tively. 


(1) W. H. Streng, H. E. Huber, J. L. DeYoung, and M. A. Zoglio, J .  
Pharm. Sci., 65,1034 (1976). 


William H .  Streng 
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Nitrofurantoin Solubility in Aqueous 
Pyridoxine Hydrochloride Solutions 


Keyphrases 0 Nitrofurantoin-aqueous solubility, effect of pyridoxine 
hydrochloride Solubility-nitrofurantoin in aqueous solutions, effect 
of pyridoxine hydrochloride 0 Pyridoxine hydrochloride-effect on 
aqueous solubility of nitrofurantoin Antibacterials, urinary-nitro- 
furantoin, aqueous solubility, effect of pyridoxine hydrochloride 0 Vi- 
tamins-pyridoxine hydrochloride, effect on aqueous solubility of ni- 
trofurantoin 


To the Editor: 
Excess nitrofurantoin (approximately 50 mg) was added 


to 40 ml of an appropriate test solution (0-20.0% pyri- 
doxine hydrochloride in aqueous pH 3 or 5 buffer1) in a 
45-ml screw-capped bottle. The tightly closed container 
was wrapped in aluminum foil to keep out light, placed in 
a constant-temperature water bath at  37 f 0.lo, and ro- 
tated2 for a t  least 20 hr. Experiments indicated that 
equilibrium was established within 10-16 hr. The test so- 


1 Citric acid-dibasic sodium phosphate buffer; ionic strength of 0.7. 
2 Menhold rotating apparatus, Lester, Pa. 
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One microliter of the aqueous methanolic solution was 
then injected into a gas chromatograph1 equipped with a 
flame-ionization detector. A 1.8-m glass column2 (2 mm 
i.d.) was packed with 3% OV-17 on 100-120-mesh Gas 
Chrom Q3. The following conditions were used: injector 
temperature, 260"; column temperature, 210"; detector 
temperature, 250"; nitrogen flow, 35 ml/min; hydrogen 
flow, 50 ml/min; and compressed air (19-23% 0 2  and 
77-81% N2) flow, 300 ml/min. The retention times for 
phenytoin and the internal standard were 4.1 and 5.8 min, 
respectively. With 0.5 M trimethylanilinium hydroxide in 
place of tetramethylammonium hydroxide (0.1 M)-tri- 
methylanilinium hydroxide (0.01 M) and identical column 
conditions, the interfering peak had a retention time of 5.6 
min. 


Peak height ratios were used to prepare standard curves 
in the 1-20-pglml range. The lower limit of sensitivity was 
0.5 pg/ml, and repeated injections showed assay repro- 
ducibility in the &0.5-pg/ml range. 


With the described procedure, a clean chromatogram 
that was easily quantitated was obtained. The phenytoin 
peak at  the higher sensitivity settings, i.e., low concen- 
tration range, did elute on the solvent front tailing. How- 
ever, if analysis time is not critical, the column temperature 
can be lowered slightly, resulting in a slightly longer re- 


' Varian Aerograph model 2100, Walnut Creek, Calif. 
Supelcoport, Supelco, Inc., Supelco Park, Bellefonte, Pa. 
Applied Sciences Laboratories, State College, Pa. 


BOOKS 


tention time but a better chromatogram for quantitation 
purposes. 


Use of the mixed methylating agents apparently pro- 
vides sufficient methylating and alkalizing properties while 
minimizing peak interferences resulting from high con- 
centrations of trimethylanilinium hydroxide and the rel- 
atively poor methylating capability of tetramethylam- 
monium hydroxide. 


(1) J. MacGee, Anal. Chem., 42,421 (1970). 
(2) R. H. Hammer, B. J. Wilder, R. R. Streiff, and A. Meyersdorf, J.  
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(7) M. Orme, 0. BorgB, C. E. Cook, and F. Sjoquist, Clin. Chem., 22, 


(8) E. Brochmann-Hanssen and T. 0. Oke, J.  Pharm. Sci., 58,370 
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REVIEWS 


Textbook of Organic Medicinal and Pharmaceutical Chemistry. 
7th ed. Edited by CHARLES 0. WILSON, OLE GISVOLD, and 
ROBERT F. DOERGE. Lippincott, East Washington Square, Phila- 
delphia, PA 19105,1977.1085 pp. 18 X 26 cm. Price $33.00. 
The seventh edition of this book represents a continued effort of the 


editors to provide a useful undergraduate pharmacy textbook. The book 
includes a discussion of all products described in USP XIX, NF XIV, and 
"Accepted Dental Remedies," as well as other important pharmaceuticals. 
The introductory material of a few chapters has been completely re- 
written, but the overall format remains essentially unchanged. 


Three major changes in style represent a departure from the older 
editions and will considerably improve the practical application of the 
textbook. One outstanding feature is the extensive use of tables to focus 
attention upon groups of therapeutic agents in common use (a combi- 
nation of chemical and pharmacologic classification). The information 
provided by the tables includes the official title of the drug, proprietary 
name(s), official dosage forms, usual dose and route of administration, 
and usual dose range. For the appropriate drugs, the usual pediatric dose 
is given in terms of body weight and body surface. 


A second outstanding feature of this edition is the addition of appen- 
dixes. Material relative to pharmaceutic aids and necessities has been 
extracted from the several chapters of the older editions and placed in 
one appendix. The title of another appendix, Amine Salts, is misleading, 


because it actually provides the USAN designations, chemical names, 
and structural formulas of the anions of the more common organic acids 
used to form salts with amines. A third appendix provides a referenced 
list of pKa values of several drugs and reference compounds. A fourth 
appendix provides an alphabetical list of official titles of chemical entities 
in the USP and NF. For each title, the Chemical Abstracts Service Index 
Name and Registry Number, IUPAC name, empirical formula, and 
molecular weight are given. 


A third change from the previous editions is deletion of the material 
previously discussed in Chapters 4-8, thus reducing the number of 
chapters to 24. Much of the deleted material has been placed in other 
appropriate chapters and in an appendix. 


All chapters now include literature citations and a selected reading 
list. 


The titles of the remaining 24 chapters are the same as those of the 
sixth edition. But seven of the chapters were contributed by different 
authors, thus giving a different slant to the introductory material in each. 
In the seventh edition, the new authors are Robert F. Doerge, Sulfon- 
amides and Sulfones with Antibacterial Action (Chapter 6) and Adren- 
ergic Agents (Chapter 12); H. Wayne Schultz, Surfactants and Chelating 
Agents (Chapter 7); Arnold R. Martin, Antibiotics (Chapter 9); Dwight 
S. Fullerton, Steroids and Therapeutically Related Compounds; and 
Jaime N. Delgado, Carbohydrates (Chapter 21) and Amino Acids, Pro- 
teins, Enzymes, and Hormones with Protein-like Structure (Chapter 
22). 


The purchaser should be aware of several printing errors that appear 
in Chapter 20. If the Errata list mailed to schools of pharmacy in January 
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is not available, a copy can probably he obtained by writing one of the 
editors. The errors were corrected in the second printing. 


A rapid reading revealed surprisingly few misspelled words and only 
a few errors in the other chapters. Most errors are minor and do not sig- 
nificantly detract from the usefulness of the material. 


Errors in structural formulas include carbenicillin indanyl sodium, p. 
289; cephalothin sodium, p. 292; cephapirin sodium, cephamycin, and 
cefoxitin, p. 294; anhydrotetracycline, p. 308; oleandomycin, p. 317; lin- 
comycin, p. 320; nystatin, p. 330; carbachol intermediate, p. 469; and 
neostigmine, p. 472. 


Other minor errors were also noted. On p. 306, a “2” should be replaced 
by a “3” to read, “. . . protonation of the enol group on carbon atom 3. . . .” 
In the “Mechanism of Hydrolysis of AChE,” p. 467, a positive charge was 
omitted and the orientation of a water molecule is misleading. On p. 477, 
the acid proton is incorrectly placed on pilocarpine hydrochloride. The 
structural formula number (I) was omitted on p. 555. In the third line on 
p. 560 “R” should replace “S,” which refers to the absolute configuration 
of bisquaternary species. Since rotoxamine is the levorotatory isomer of 
carbinoxamine, the following statement should be deleted from pp. 652 
and 654. “In compounds that exhibit optical isomerism the dextrorotatory 
isomer possesses most of the antihistaminic activity.” Finally, on p. 665, 
the acid proton is incorrectly placed on antazoline hydrochloride. 


A footnote in the chapter on Analgesic Agents explains that the popular 
term “analgesic” is used in preference to the etymologically correct term 
“analgetic.” Perhaps it would be appropriate to explain a similar rela- 
tionship in the usage of the terms “antitubercular” and “antituberculous” 
either on p. 144 or 331. 


In the reviewer’s opinion, the seventh edition is an improvement of an 
already good textbook. It should be well received in the classroom and 
is highly recommended as a textbook for courses in undergraduate 
medicinal and pharmaceutical chemistry. 


Reuiewed by Charles M. Darling 
School of Pharmacy 
Auburn University 
Auburn, AL 36830 


Assessing Drug Reactions-Adverse and  Beneficial, Vol. 7: Phi- 
losophy and Technology of Drug Assessment. Edited by FRANK 
N. ALLAN. Interdisciplinary Communication Associates, Smithsonian 
Institute, Washington, DC, 1976. 158 pp. 15 X 23 cm. 
This book contains the report of the seventh conference in a series on 


the Philosophy and Technology of Drug Assessment. This conference 
dealt with the basic problem of defining, detecting, reporting, and as- 
sessing adverse drug reactions. The conference was conducted by the 
Interdisciplinary Communications Program of the Smithsonian Insti- 
tution. 


The topics discussed in the book include terminology and definition 
of adverse drug reactions, risk-benefit analysis of adverse drug reactions, 
and various approaches that can be used in collecting data about adverse 
drug reactions. The book is written in a narrative style and includes edited 
statements of conference participants. 


The book indicates that there was a lack of agreement among the 
conference participants regarding the magnitude of the problem, how 
to assess that magnitude, or who needed the most increased under- 
standing. However, there was a consensus agreement that a national 
adverse drug reaction monitoring system is needed and that the system 
should he part of a larger system that includes data collection of the pa- 
tient’s whole response to drug therapy. 


The book provides an informative insight into the controversy sur- 
rounding the collection and evaluation of adverse drug reaction data. The 
personal experiences of some conference participants are very enlight- 
ening and enable the reader to obtain a better grasp of the problems as- 
sociated with collecting and evaluating adverse drug reaction data. 


Reviewed by Frank Ascione 
University of Michigan 
Ann Arbor, M I  48104 


AMA D r u g  Evaluations, 3rd Ed. Prepared by the AMA Department 
of Drugs in cooperation with the American Society for Clinical Phar- 
macology and Therapeutics. Publishing Sciences Group, 545 Great Rd., 
Littleton, MA 01460, 1977. 1327 pp. 18 X 26 cm. Price $29.50. 
The third edition of this valuable reference source has been completely 


reorganized, updated, and expanded. The hook is divided into 19 sections 
based on therapeutic category. Each section contains more specific 
chapters, which begin with a brief introduction and include detailed 
evaluations for individual drugs and compounds. 


The book gives information on dosage, contraindications, and adverse 
reactions and includes structural formulas for most single-entity drugs. 
I t  also lists generic and proprietary names and available dosage forms 
and sizes. Included are evaluations of over 1300 drugs, information on 
investigational agents, and extensive listings for normal values of clinical 
laboratory tests. Also, there is information on drug interactions, labeling, 
and use of drugs during pregnancy. 


This book is essential for those who prescribe, dispense, or administer 
drugs or who require information on applied therapeutics. 


Staff review 


Organic Chemistry of Drug  Synthesis. By DANIEL LEDNICER and 
LESTER A. MITSCHER. Wiley, 605 Third Ave., New York, NY 
10016,1977.471 pp. 16 X 23 cm. Price $22.50. 
This book is an attempt to present to synthetic organic and medicinal 


chemists the synthetic routes used to prepare a great majority of organic 
compounds used as drugs. The book focuses on compounds that are either 
used in the clinic or have undergone clinical trial, concentrating on those 
assigned generic names by the USAN Council. There are 22 chapters, each 
of which is organized by structural rather than pharmacological classes. 
The pharmacology involved in the various disease states discussed and 
the mode of action in selected drug classes are written in terms useful to 
the chemist with a rudimentary knowledge of biology. A glossary of 
commonly used pharmacological terms is included. 


The book is filled with errors of all types, which the reviewer found to 
be extremely irritating. In a t  least three places, the authors refer to 
substituted ureas as carbamates (structure 10, p. 7). No chapter was error 
free. Frequently compounds were given wrong numbers in the discussion 
section. Structure 61 (p. 36) is a piperidyl derivative, not a pyrrolidino 
derivative as listed. Structure 30 (p. 150) is referred to twice (p. 151) as 
an allylic halide when it is not one. Alkylation reactions using N ( 2 -  
ch1oroethyl)diethylamine are common throughout the book. Only twice 
is an aziridinium salt mentioned as an intermediate (methadone, p. 79, 
and promethazine, p. 373). It is quite possible that aziridinium salts play 
important roles in all such alkylations, not just the two unsymmetrical 
cases listed by the authors. 


The only three groups of compounds with recent references are the 
benzodiazepines, prostaglandins, and cephalosporins. Only a t  the end 
of the chapter on steroids do the authors indicate that drug research in 
this area has not stopped. This statement can surely be made about all 
of the other areas covered in the book and should not have been limited 
to the steroids alone. No mention was made of any drugs for neoplastic 
diseases, which is certainly another shortcoming of the book. 


Short statements related to medicinal chemistry appear throughout 
the book (rigid analogs, pp. 355 and 387; the role of aromatic rings, pp. 
40 and 108; and receptor, p. 218). The statements are often vague, and 
it would have been helpful if the authors had included an introductory 
chapter covering the major aspects of medicinal chemistry. 


Organic chemists with no background in drugs should find this a useful 
introduction to the subject. This book provides only a superficial coverage 
of the subjects included and cannot be recommended as either an intro- 
ductory text or as a reference source for anyone actively engaged in drug 
research. 


Revierued by Sharon G. Boots 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. VA 23298 
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Table I-Comparison of Tensile Strength of Compacts 
Compressed at a Mean Force of 400 kg and the Relative Density 
Chanae Occurrina during Plastic Flow and/or Crushing, 6 


Tensile Strength, 
Crvstal Form kn/cm2 &J 


Barbital (104-152 pm) 
Form I 2.8 f 0.1 0.21 f 0.008 
Form I1 2.0 f 0.2 0.21 f 0.008 
Form I11 3.8 f 0.1 0.23 f 0.007 


Form I 1.9 f 0.1 0.22 f 0.008 
Form I1 4.2 f 0.2 0.24 f 0.008 


Sulfathiazole (104-152 pm) 


~ ~~~~~ ~~ 


As irin (250-353 pm) 
Form I 
Form IV 


3.8 f 0.1 
8.4 f 0.2 


0.14 i 0.008 
0.23 f 0.007 


between particles in the powder bed rather than the bond strength be- 
tween particles. Support for this hypothesis is obtained from the data 
relating particle size to tensile strength of barbital Form I1 and sul- 
fathiazole Form I compacts (Table 11). A t  any mean compression force, 
the smaller particle-size fraction of both drugs produced the stronger 
compact. There will be a greater number of point contacts within com- 
pacts made from the smaller fraction and, hence, a greater area of contact 
between particles. 


Compacts of the aspirin crystal forms also showed differences in tensile 
strength at a given mean compression force (Fig. 6). Tensile strength 
values could not be obtained for compacts of aspirin Form I1 because of 
the layering tendency of the needle-shaped crystals (6). When Form I1 
compacts were subjected to diametral crushing, the compacts laminated. 


Table 11-Influence of Particle Size on the Tensile Strength of 
Barbital and Sulfathiazole Compacts over a Range of Mean 
Compression Forces 


Mean Tensile Strength, kg/cm2 f 0.1 
Compressive Barbital Form I1 Sulfathiazole Form I 


Force. ke 104-152 um 190-251 um 104-152 um 190-251 um 


610 3.4 2.9 3.3 2.5 
713 4.1 3.3 4.0 2.7 
815 4.8 3.7 4.7 2.9 
97 7 5.5 4.3 5.3 3.1 


As with the polymorphic forms of sulfathiazole and barbital, there was 
a correlation between 6 and the tensile strength of the compacts for as- 
pirin Forms I and IV. The lower melting-point Form IV had the higher 
tensile strength at any given mean compression force, again indicating 
that the area of contact between particles is the overriding influence on 
compact strength for materials existing in different crystal forms. 


REFERENCES 


(I) J. T. Fell and J. M. Newton, J. Pharm. Pharrnacol., 20, 657 


(2) J. T. Fell and J. M. Newton, J. Pharm. Sci., 59,688 (1970). 
(3) J. M. Newton, G. Rowley, J. T. Fell, D. G. Peacock, and K. 


(4) D. P. Brook and K. Marshall, J.  Pharrn. Sci., 57,481 (1968). 
(5) C. C. Perry and H. R. Lisner, “The Strain Gauge Primer,” 


(6) M. P. Summers, R. P. Enever, and J. E. Carless, J. Pharm. 


(7) J. E. Rees and E. Shotton, ibid., 22,17S (1970). 
(8) D. Train, ibid., 8,745 (1956). 
(9) K. Ridgway, M. Aulton, and P. H. Rosser, ibid., 22,70S (1970). 


(10) J. E. Rees and E. Shotton, ibid., 21,731 (1969). 
(11) M. J. Buerger, in “Phase Transformations in Solids,” R. Smolu- 


chowski, J. E. Mayer, and W. A. Weyl, Eds., Wiley, New York, N.Y., 1951, 
p. 183. 


(12) S. Leigh, Ph.D. thesis, London University, London, England, 
1969. 


(13) M. P. Summers, Ph.D. thesis, London University, London, En- 
gland, 1972. 


(1968). 


Ridgway, J. Pharm. Pharrnacol., 23,195s (1971). 


McGraw-Hill, London, England, 1962, p. 64. 


Pharmacol., 28,89 (1976). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 21,1976, from the Department of Pharmacy, Chelsea 


Accepted for publication October 4, 1976. 
M. P. Summers thanks the Science Research Council for a research 


* Present address: School of Pharmacy, University of London, 29/39 


College, University of London, London, S W 3  6LX,  England. 


studentship to allow this work to be undertaken. 


Brunswick Square, London, WClN lAX, England. 
To whom inquiries should be directed. 


Degradation Kinetics of a Substituted Carbinolamine in 
Aqueous Media 


H. V. MAULDING and M. A. ZOGLIO * 


Abstract 0 The apparent first-order breakdown of the medicinally ac- 
tive agent 3-(p-chlorophenyl)-2-ethyl-2,3,5,6-tetrahydroimidazo[2,1- 
b] thiazol-3-01 was studied in aqueous solutions where dehydration gave 
the unsaturated compound 3-(p-chlorophenyl)-5,6-dihydro-2-ethylim- 
idazo[2,1-b]thiazole. This thiazole was the primary solvolytic product 
produced in approximately quantitative yields for the temperature range 
studied and ostensibly underwent no further reaction in acidic media even 
on prolonged heating. Investigations were carried out at various pH values 
in standard buffers at constant ionic strength. The ionization constants 
of the compounds are reported as well as the apparent activation energies 
for the degradation in acid and acetate buffers. The influence of ionic 


strength on the velocity constant was determined. 


Keyphrases 0 Thiazol-3-01, substituted-kinetics of degradation in 
aqueous media, effect of temperature, pH, and ionic strength Degra- 
dation kinetics-substituted thiazol-3-01, in aqueous media, effect of 
temperature, pH, and ionic strength Kinetics, degradation-substi- 
tuted thiazol-3-01, in aqueous media, effect of temperature, pH, and ionic 
strength 0 Anorexic agents, potential-3-(p-chlorophenyl)-2-ethyl- 
2,3,5,6-tetrahydroimidazo[2,1-b] thiazol-3-01, kinetics of degradation in 
aqueous media, effect of temperature, pH, and ionic strength 


The degradation kinetics of 3-(p-chlorophenyl)-2- 
ethyl-2,3,5,6-tetrahydroimidazo[ 2,l -b] thiazol-3-011 (I) 


were investigated in aqueous solution at varying hydro- 
gen-ion concentrations. 


Compound I exhibits anorexic activity, and its break- 
down in aqueous media is important in the formulation of * No. 43976, Sandoz Pharmaceuticals, Hanover, NJ 07936. 
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I I1 


solid and liquid dosages as well as in stability prediction 
of these dosage forms. 


It is a somewhat unusual structural prototype in the 
tertiary2 hydroxyl group on C-3 adjacent to N-4. These two 
features comprise a relatively stable carbinolamine not 
frequently encountered, and the structure is similar to the 
“pseudobases” characteristically formed from the reaction 
of certain quaternary heterocyclics with OH- (1). 


The possible existence of several isomers of I is obvious; 
however, X-ray crystallographic data reveal no dia- 
stereoisomerism and one conformation consisting of a 
trans- relationship between the p -chlorophenyl and ethyl 
substituents3. Kinetic evidence also rules out .dia- 
stereoisomerism barring equal reaction rate constants. 
This finding is illustrated by the lack of deviation from a 
first-order plot present in parallel first-order reactions 
producing a common product (2). 


The conversion of I to its dehydration product, 3 4 p -  
chlorophenyl)-5,6-dihydro -2- ethylimidazo[2,1-b]thiazole4 
(11), was the primary route of aqueous transformation of 
I under the conditions employed. The present work was 
concerned principally with this reaction. 


EXPERIMENTAL 


Spectrophotometric Studies in Acidic Solution-Aliquots of 10 ml 
of an aqueous stock solution of I hydrobromide, 2.83 X 10-3 M, were 
mixed with 190 ml of hydrochloric acid of the appropriate strength, 
previously equilibrated in a constant-temperature bath. The final con- 
centration was 1.42 X lo-* M with A, of 1.760. Samples, 10 ml, were re- 
moved at  various times and diluted to 20 ml with distilled water. The 
spectra were determined5 at 272 nm against blanks having the same 
composition but lacking I hydrobromide, A, = 1.760/2 = 0.880. 


Spectrophotometric Studies in Buffer Solution-Standard buffer 
solutions were prepared and adjusted to constant ionic strength using 
sodium chloride. These solutions were equilibrated in constant-tem- 
perature baths, and the same procedure was carried out as described for 
acidic solutions. UV spectra were determined at 272 nm using the ap- 
propriate buffers as blanks. 


Determination of Ionization Constants-The hydrobromide salt 
of I (0.005 mole in 100 ml of water) was titrated potentiometrically with 
10 equal increments of 0.1 N KOH following the method outlined by 
Albert and Sergeant (3). Precipitation of the base occurred before com- 
plete neutralization, but enough points were evaluated to give a pKa of 
7.60 (f0.04). 


M) was prepared. The maximum 
difference in the absorption spectrum, at 310 nm, was obtained using 0.01 
N HC1 and 0.01 N NaOH solutions for the ionized and nonionized species, 
respectively. Aliquots of 4 ml of this solution were diluted to 200 ml with 
seven borate buffers, pH 8.6-9.8 and an ionic strength of less than 0.005 
(4). The pKa’ value was 9.38 (f0.04) and was verified by titration with 
0.1 N KOH. 


A stock solution of I1 (4.12 X 


RESULTS AND DISCUSSION 


With the conditions investigated, it was convenient to assay for the 
dehydration product, 11, rather than the parent compound, I. Compound 


2 It is not a tertiary carbon atom in the true sense because it is attached to two 
other carbons and one nitroeen. 


3 Unpublished results. 
4 No. 43978, Sandoz Pharmaceuticals, Hanover, NJ 07936. 
5 Cary model 14 spectrophotometer. 


Figure 1-UVspectra for the appearance o f I I  from I(7.07 X 
acetate buffer, p H  4.9, 70°, ionic strength 0.1) a t  various times. 


I1 exhibited a UV absorption maximum at  272 nm which was absent in 
I. The molar absorptivity, aM, was evaluated at  1.238 X lo4 litedcm mole 
(272 nm). Compound I exhibited an absorption maximum at 222-223 nm, 
a M  = 2.55 X lo4 liters/cm mole. The principal degradation route was the 
conversion of I to I1 under the conditions listed. 


M 
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Figure 2-First-order plot for the dehydration of 7.07 X M I as 
a function of the increase in absorbance (272 nm) in hydrochloric acid 
at 49O. Key (hydrochloric acid concentration): 0 , O . l  N; 0,0.25 N; 0, 
0.5 N; A, 0.75 N; and 0 , l . O  N. 


The transformation of I to I1 is somewhat similar to the reported sol- 
volysis of several cycloheximide antibiotics (5-7). However, with the 
cycloheximides, an equilibrium is attained between the starting material 
and the anhydro product. 


The apparent first-order rate constants for conversion of I to I1 were 
determined using: 


In (A, - A , )  = -kt + In (A, - Ao) (Eq. 1) 


by which the concentration of a product of a first-order process is gov- 
erned. In Eq. 1, A, is the maximum absorbance, At is the absorbance at  
time t ,  and k is the velocity constant for the reaction. 


Figure 1 illustrates the UV assay of 11, with the chromophore appearing 
as a function of time at  272 nm. These spectra are characteristic of those 
obtained from pH 7 down to 2.0 N HCl and are typical of the protonated 
form of 11, pKa = 9.38 (f0.04). The positive charge, when present in both 
I and 11, is probably located on N-7 of the amidino grouping3. The parent 
carbinolamine, I, showed no absorbance at  272 nm, and the previously 
stated analytical procedure had applicability for the interval from pH 
7 to highly acid regions. 


The transformation of I to I1 is an almost quantitative reaction. 
Equimolar amounts (7.07 X M )  of I and I hydrobromide on pro- 
tracted heating at  several different temperatures and the previously 
mentioned pH's led to spectra identical to the initial spectra of I1 under 
these circumstances. Figure 1 shows a typical example where the final 
absorbance is 0.880 for a 7.07 X M solution. No further spectral 
change was noted on long heating at  95". 


Acid-Catalyzed Dehydration-The hydrogen-ion-catalyzed 
breakdown of I was carried out in 0.01-2.0 N HCl. A typical plot of these 
data is shown in Fig. 2 where Eq. 1 is utilized. 


Figure 3 demonstrates the linear relationship of the apparent first- 
order velocity constants to  the actual hydrogen-ion activity a t  several 
temperatures according to: 


k = ~ H + [ H + ]  + ko (Eq. 2) 


where [H+] was calculated from the experimental concentrations and the 
literature values for activity coefficients (8). The bimolecular rate con- 
stants, k ~ +  in liters per mole hours, computed from the slopes of the lines 
in Fig. 3 (9-11) were: 0.24, 40°; 0.78,49O; 3.20, 60°; and 8.50, 70°. The heat 
of activation, AHa, for the dehydration reaction was calculated by an 
Arrhenius plot of log k ~ +  uersw l/To (absolute) for these k ~ +  values and 
was 25.5 kcal/mole. 


They intercepts in Fig. 3 are equivalent to ko (Eq. 2) in the acidic re- 
gion where [OH-] - 0, making  OH- [OH-] approximately equal to zero 
(10). The extrapolated values for kHzO were: 0.25,40°; 0.74,49'; 2.2,60"; 
and 5.8, 70°; with a resultant heat of activation of 22.5 kcal/mole. 


Ionic Strength Influence-In the dehydration of a molecule con- 
taining a positive center such as I, primary kinetic salt effects may be 
anticipated. Perturbation of the reaction rate constant on addition of 
neutral salts is to be expected from the Bronsted-Bjerrum equation 
(12): 


log k = log ko + 1.02ZAzB ./; (Eq. 3) 


Equation 3 may be applied to reactions between ionic species where ko 
is the rate constant in an infinitely dilute solution, ZA and ZB are the 
charges on reactants A and B, and p is the ionic strength. From this ex- 
pression, a positive salt effect should occur in a hydronium-ion-catalyzed 
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Figure 3-Rate constants, k, in hr-1 for the apparent first-order deg- 
radation o f l  as a function of the hydrogen-ion actiuity, [ H + ] ,  at 70" (O), 
60° (A), 49" (a), and 40" (0). 


dehydration of I and a negative effect should occur where the reaction 
is catalyzed by negative ions, i.e., hydroxide and acetate. These salt effects 
should be evident at pH values below 5.5 [pKa of I = 7.60 (f0.04)] where 
I is 99+% in the cationic form. 


Unfortunately, the equation only holds for extremely dilute solutions, 
p = 0.01 or less, of 1:l electrolytes. Although the relationship has no 
theoretical justification at  higher ionic strengths (13), qualitative 
agreement may be seen in many cases with both positive and negative 
deviations as predicted (14-16). 


Breakdown of I with a loss of water to give I1 was carried out in 0.05 
N HCl made to final ionic strengths with sodium chloride. The temper- 
ature was 70°; UV analysis was performed at 272 nm. Figure 4 illustrates 
the linear relationship obtained when the log apparent first-order velocity 
constants were plotted uersus the square root of the ionic strength. The 
same straight-line relationship is shown in Fig. 5 describing the dehy- 
dration of I at 40° in pH 4.48 acetate buffer (0.1 M CHSCOONa) with 
sodium chloride added to increase the ionic strength. 


The equation predicts a slope of 1.02 under proper conditions, but Figs. 
4 and 5 show that a slope of considerably less than one was obtained in 
both cases. These results give information concerning the primary salt 
effects. A linear dependence of log k uersus 6 was seen throughout the 
ranges of ionic strength studied, with the expected slope signs positive 
for hydronium-ion-catalyzed breakdown (Fig. 4) and negative for hy- 
droxide- and acetate-catalyzed degradation (Fig. 5). The positive slope 
of Fig. 4 indicates two positive ions in the transition state, while the 
negative slope of Fig. 5 indicates a positive and a negative charge ac- 
cording to the Bronsted equation. 


pKa Determinations-Compound I1 offered no significant difficulties 
in the evaluation of its ionization constant because the ionized and 
nonionized species exhibited considerable differences in absorbance a t  
310 nm. The pKa of 9.38 (f0.04) was determined spectrophotometrically 
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4 
Figure &--Effect of ionic strength on the rate of hydronium-ion-cata- 
lyzed degradation of I at  70" in 0.05 N HCI. Sodium chloride was added 
as the neutral salt to increase ionic strength. 
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Figure &Effect of ionic strength on the rate of dehydration of I at 40°, 
pH 4.48, and 0.1 M sodiuin acetate. Sodium chloride was added to in- 
crease ionic strength. 


in the usual manner (4) by UV readings in a series of borate buffers and 
was corroborated by titration. 


Compound I posed a problem in the absence of an easily usable UV 
spectrum and precipitation of the free base on attempted titration of the 
hydrobromide salt by potassium hydroxide (3). The more difficult sol- 
ubility procedure (4) could not be easily applied in this situation due to 
complications arising from the conversion of I to I1 in the buffers needed 
for the studies. 


A modification of the titration method was adapted using: 
BH+ 


pKa = pH + log- 
B 


(Eq. 4) 


where BH+ = I hydrobromide and B = I (free base), both in concentration 
terms. Previously, good results were attained by partial titration, even 
in instances of free base precipitation (17). The pKa values were calcu- 
lated for the interval log (BH+/B) = 49/1 to 9/1. No precipitation of base 
was noted in this range, and the pKa value obtained was 7.60 (f0.04). 


Degradation in Buffers-Tables I and I1 list the observed first-order 
rate constants obtained in formate and acetate buffers, pH 3-5, under 
the experimental conditions. Figure 6 shows the observed rate constants 
(Tables I and 11) for formate buffer, pH 4.1, 70°, and acetate buffer, pH 
4.1,60 and 70°, plotted against acetate- and formate-ion concentrations. 
This plot constitutes the usual test for general base catalysis (10). The 
data points are not aligned in the predicted linear manner but curve 
rather sharply downward at low buffer concentrations. The same situa- 
tion is noted in Fig. 8, where acetate concentration ranged between 0.003 
and 0.200 M .  


This somewhat unusual phenomenon was encountered (18) in the 
sulfur to nitrogen acetyl transfer reaction of S-acetyl-P-mercaptoeth- 
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0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 


ACETATE OR FORMATE CONCENTRATION, M 
Figure 6-%t of the observed first-order rate constants for dehydra- 
tion of I in k X Z02 hr-l as a function of acetate or formate concentra- 
tion. Ionic strength was constant at 0.10, and the  p H  was 4.1. Key: A, 
acetate at 70'; 0, acetate at  60'; and 0, formate a t  70'. 


Table I-Observed First-Order Rate Constants ,I (k, hr-l) for 
Dehydration of 7.07 X M I  in Formate Buffer a t  70" 


Formate 
Ion, 


PH M k , hr-l 


3.0 0.005 0.20 
0.020 0.32 
0.070 0.59 


3.5 0.005 
0.020 
0.048 
0.070 
0.095 


0.20 
0.31 
0.49 
0.56 
0.69 


4.1 0.005 0.18 
0.020 0.31 
0.045 0.46 
0.070 0.58 
0.095 0.64 


Based on UV absorbance data for formation of unsaturated product (Eq. 1). * The pH values were read at the indicated temperature on a pH meter standardized 
at  the temperature. Ionic strength was made up to 0.1 with sodium chloride in all 
solutions. 


ylamine and was described as a two-step mechanism with a rate-limiting 
buffer-catalyzed step. The reaction rate rises sharply at low acetate- and 
formate-ion concentrations followed by an uncatalyzed rate-limiting step 
at  high buffer concentrations. This nonlinear dependence of the rate 
constants on acetate and formate concentration is characterized by a 
considerable decrease in slope at  relatively high buffer concentrations. 


In the I - I1 transformation, a similar two-step process occurs with 
a relatively large catalytic constant a t  low acetate or formate concen- 
trations and a smaller constant at higher acetate or formate concentra- 
tions. Barnett and Jencks (19) further clarified this mechanism by dis- 
secting the data into appropriate rate constants through computerization 
and standard techniques. 


Tables I and I1 show the rate constants to be relatively independent 
of pH for the acetate (pH 4-5) and formate (pH 3-4) systems, which is 
in agreement with previous work (18,19). 


Arrhenius plots for the decomposition of I in pH 4.1 acetate buffer 
(Table 11) are shown in Fig. 7. The apparent energies of activation ranged 
between 24 and 25.5 kcal/mole for the various acetate concentrations. 


Table 11-Observed First-Order Rate Constants a (k, hr-*) and 
Experimental Conditions for  Dehydration of 7.07 X M I in 
Acetate Buffer Solution 


Acetate 
Ion, IonicC k ,  hr-' 


PH M Strength 40' 60' 70' 


4.1 0.005 0.10 
0.020 
0.045 
0.070 
0.095 


0.020 
0.045 
0.070 
0.095 


0.020 
0.045 
0.070 
0.095 


0.045 


0.045 


4.5 0.005 0.10 


5.0 0.005 0.10 


4.1 0.015 0.20 


4.5 0.015 0.20 


0.095 
0.145 
0.195 


5.0 0.015 0.20 
0.045 
0.095 
0.145 
n 195 


0.0075 
0.0181 
0.0265 
0.0327 
0.0359 
- 
- 
- 
- 
- 


0.0112 
0.0209 
0.0166 
0.0310 
0.0351 
- 
- 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 


0.0962 
0.1994 
0.2887 
0.3408 
0.3794 
0.0984 
0.2101 
0.2986 
0.3569 
0.3658 
0.1006 
0.2094 
0.2951 
0.3583 
0.3755 
- 
- 


0.1598 
0.2725 
0.3522 
0.3906 
0.4120 
0.2071 
0.2910 
0.4173 
0.4407 


0.29 
0.58 
0.82 
0.96 
1.08 
0.30 
0.61 
0.86 
1.00 
1.09 
0.31 
0.60 
0.89 
1.00 
1.07 
0.48 
0.82 
0.50 
0.81 - 
- 
- 


0.51 
0.85 
- 
- 
- 


See Table I. See Table I. Sodium chloride was added to produce proper ionic 
strength. 
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Figure 7-Typical Arrhenius plots for degradation of I in pH 4.1 ace- 
tate buffer (Table I I )  at  various acetate-ion concentrations. Key (ace- 
tate concentration): ., 0.005 M; 0,0.020 M; 0, 0.045 M; A, 0.070 M; 
and 0,0.095 M. 


Concentrations of acetate below 3 X M (Fig. 8) could not be em- 
ployed with the pH maintained constant, thus preventing studies at lower 
acetate-ion concentrations. The results in Fig. ‘8 should theoretically 
extrapolate at zero buffer concentration to the k o  value (Eq. 2). Exami- 
nation of ko for the acetate system in Fig. 8 shows that of its three com- 
ponents, kHzO, k~t[H’], and ko~-[oH-] ,  the first has a predominant 
importance, kHz? = 2.2,60°. The reasoning is that the [H+] of 3 X 
M, pH 4.5, multiplied by kHt = 3.2, 60°, provides a negligible contribu- 
tion, while koH- seems to play a relatively unimportant role due to the 
small effect noted on the rate constants in the pH 4-5 range. 


The values in Table I1 for the various pH values at a given temperature 
are almost within the limits of experimental error. Thus, it appears that 
the value for ko (Fig. 8) should be somewhat above the value of 2.2 hr-’ 
for kHzO at 60”. Figure 6 shows that they intercept for formate and ace- 
tate ions at 70’ also might be extrapolated to approximately the kHzO 
value at  that temperature. This nonlinear dependency of the data upon 
anionic concentrations may be noted in all results listed in Tables I and 
11. 


Notari et al. (20) reported a similar phenomenon taking place in a 
deamination reaction, except that the acidic buffer component exerted 
the principal catalytic effect. 


These results are indicative of a reaction rate constant plateau in the 
pH range of 3-5 with little OH- or H+ effect. The primary route of 
breakdown is water attack on the protonated form of I. In this pH 3-5 
region, general bases catalyze in what may be a two-step sequence 


Preliminary investigations with phosphate buffers demonstrate this 
(18-20). 


Table 111-Observed First-Order Rate Constants 
Dehydration of 7.07 X 


(k, hr-’) for 
M I in  Phosphate Buffer at 60” 


Buffer ComDosition. Md 
Monobasic Dibasic 


Sodium Sodium 
Phosphate Phosphate 


PHC Monohydrate Heptahydrate k, hr-l 
5.70 f 0.04 0.150 0.015 0.42 


0.110 0.011 0.39 
0.070 0.007 0.33 
0.030 0.003 0.26 


6.00 f 0.05 0.115 0.0283 0.54 
0.0805 0.0198 0.50 
n . 0 ~ 5  0.0142 0.47 . 


0.046 
0.023 


. . ~  ~~~ 


0.0113 
0.0057 


0.45 
0.42 


6.70 f 0.04 0.050 0.050 0.64 
0.035 0.035 0.60 
o.nw n.030 0.57 . .-. 


0.020 0.020 0.52 
0.005 0.005 0.44 


0 See Table I. See Table I. c The pH values were read at the indicated tem- 
peratures before, during, and after a run. d Stock solutions were diluted to give 
indicated strengths followed by addition of sodium chloride to obtain an ionic 
strength of 0.2. 
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Figure Ic-plot of the observed first-order rate constant for dehydration 
of I versus acetate concentration at  60°, pH 4.5, with ionic strength 
maintained with sodium chloride. The pH values were measured at  60° 
on a pH meter standardized at  that temperature and were within 0.04 
of the stated value of 4.5. Rate constants were reproducible within 5%.  
Ionic strength was constant a t  0.20. These data are not listed in Table 
II. 


nonlinear dependency at pH 5.7 as was found with the acetate systems. 
However, a t  higher pH values (6.0 and 6.7), typical linear data were en- 
countered (Table 111). Studies were not carried out above pH 6.7 due to 
the insolubility of the basic form of I, pKa 7.6. 


SUMMARY 


Compound I undergoes apparent first-order degradation under the 
conditions examined, producing the dehydration product I1 in almost 
quantitative yields. 


Elimination of the C-2 hydrogen and the C-3 hydroxyl substituents 
of I takes place in aqueous solution since their trans-conformational 
relationship tends to facilitate this reaction. 


The mechanism of acid-catalyzed dehydration probably involves 
protonation of the hydroxyl group followed by formation of a carbonium 
ion and elimination of a proton to produce the dehydro product. Con- 
versely, base catalysis is initiated by removal of a proton followed by 
elimination of an OH-. These well-known processes were discussed for 
streptovitacin A dehydration (7). 


Observed rate constants did not show the usual linear dependency in 
acetic acid-acetate buffers. Curves were obtained with negative deviation 
from linearity. This result was probably due to a change in the rate-de- 
termining step. 


The observed rate constant for this transformation in the absence of 
other species (e.g., buffers and salts) may be written to pH 5 as k = 
k ~ t [ H + ]  + k H 2 0  with actual data closely following calculated values. 
Water attack on the protonated substrate occurred and seemed to be the 
principal cause of degradation in the pH 3-5 range. The molecule ex- 
hibited greatest stability in this region, but degradation was accelerated 
considerably by addition of general bases. 


The compound shows rather pronounced salt effects, both positive and 
negative, depending on the reaction conditions. 
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Quantification of Lidocaine and Several Metabolites 
Utilizing Chemical-Ionization Mass Spectrometry and 
Stable Isotope Labeling 


S. D. NELSON, W. A. GARLAND, G. D. BRECK, and 
W. F. TRAGER" 


Abstract 0 Quantification of the suspected metabolites of lidocaine in 
humans was carried out using the direct insertion probe and chemical- 
ionization mass spectrometry. Deuterated analogs of the metabolites of 
lidocaine were added to serial human plasma and urine samples and were 
used as internal standards following oral administration of 250 mg of 
lidocaine hydrochloride monohydrate to two male subjects and 202 mg 
of lidocaine free base to one male subject. The average results after 
analysis of the 0-24-hr urine samples, before 0-glucuronidase-sulfatase 
treatment, indicated the presence of seven of the possible metabolites 
in the following amounts (percent of administered dose based on the free 
base): lidocaine, 1.95; w-ethylamino-2,6-dimethylacetanilide, 4.90; 
w-amino-2,6-dimethylacetanilide, 0.88; m- and/or p-hydroxylidocaine, 
0.73; m - and/or p -hydroxy-w-ethylamino-2,6-dimethylacetanilide, 0.56; 
2,6-dimethylaniline, 0.97; and 4-hydroxy-2,6-dimethylaniline, 63.5. Both 
N-ethyl- and N,N-diethylglycine were detected in human and Rhesus 
monkey urine, although quantification was not achieved. 


Keyphrases 0 Lidocaine and various metabolites-chemical-ioniza- 
tion mass spectrometric and stable isotope labeling analyses, human 
plasma and urine Chemical-ionization mass spectrometry-analyses, 
lidocaine and various metabolites, human plasma and urine 0 Stable 
isotope labeling-analyses, lidocaine and various metabolites, human 
plasma and urine 0 Anesthetics, local-lidocaine and various metabo- 
lites, chemical-ionization mass spectrometric and stable isotope labeling 
analyses, human plasma and urine 


Lidocaine (Ia) is a widely used local anesthetic and an- 
tiarrhythmic agent. A t  present, it is generally considered 
the most useful drug in suppressing ventricular arrhyth- 
mias, which occur in approximately 80% of all myocardial 
infarction cases (1-3). Based on the structure of the drug, 
three sites are susceptible to metabolic attack the tertiary 
amino group, the amide linkage, and the aromatic ring. 
The tertiary amino group is susceptible to N-oxidation and 
oxidative N-dealkylation (4). The amide linkage is sus- 
ceptible to hydrolysis by microsomal amidases (5) and to 
oxidation by liver microsomes to an N-hydroxyamide (4). 
The aromatic ring and the aryl methyl groups are also 
susceptible to hydroxylation (4). Many of these reactions 
were detected using nonspecific colorimetric assays and 
paper chromatography (6-9) and, more recently, more 
specific GC methods (10-12). 


Using electron-impact mass spectrometry, Breck 
and Trager (13) confirmed the presence of lidocaine, w- 
ethylamino-2,6-dimethylacetanilide (Ib), and 2,6-di- 
methylaniline (Ha) in human urine following an oral dose 
or an intravenous infusion of lidocaine. They also detected 
small amounts of a new cyclic metabolite of lidocaine, 
N1- ethyl-2-methyl-N3-( 2,6-dimethylphenyl) -4-imidazo- 
lidinone (111). GC-mass spectrometry was used to detect 
and quantify lidocaine and its two N-deethylated me- 
tabolites, Ib and w-amino-2,6-dimethylacetanilide (Ic), in 
the plasma and urine of patients receiving intravenous 
infusions of the drug for the treatment of cardiac ar- 
rhythmias (14,15). Under these conditions, lidocaine levels 
ranged from 1.2 to 15 pg/ml, Ib levels ranged from 0.2 to 
2.4 pg/ml, and Ic levels ranged from C1.0 to 2.7 pg/ml, with 


R4 


+R2mR* 


CJA 
Ia: R,  = CH,N(CH,CH,),, R, = H, R, = CH,, R, = H 


Ib: R,  = CH,NHCH,CH,, R, = H, R, = CH,, R, = H 


Ic: R, = CH,NH,, R, = H, R, = CH,, R, = H 


Id: R ,  = CH,N(CH,CH,),, R, = H, R,= CH,, R, = OH 


Ie: R, = CH,NHCH,CH,, R, = H, R, = CH,, R, = OH 


If: R ,  = CH,N(CH,CH,),, R, = H, R, = CH,OH, R, = H 
Ig: R, = CH,NHCH,CH,, R,  = H, R, = CH,OH, R, = H 


Iu-d,: R ,  = CH,N(CD,CH,), 


Ib-d,: R ,  = CH,NHCH,CD, 


Ic-d,: R,  = CD,NH, 


Id-d,: R,  = CH,N(CD,CH,), 


Ie-d,: R ,  = CH, NHCH,CD, 


kd,: R, = CD,OH 
Ih:-R,*= CH,N(CH,CH,),, R, = OH, R, = CH,, R, = H 


Ii: R ,  = CH,NHCH,CH,, R, = OH, R, = CH,, R, = H 


Ij: R ,  = CH,N(CH,CH,),, R, = H, R, =CH,, R, = H 


Ih-d,: R ,  = CH,N(CD,CH,), 


Ii-d,: R, = CH,NHCH,CD, 


+ 
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GLC Determination of Ethinamate and Its Hydroxy 
Derivative in Biological Fluids 


J. W. KLEBER", L. D. BECHTOL, M. K. BRUNSON, and 
S. M. CHERNISH 


Abstract A sensitive, specific GLC assay was developed for the de- 
termination of ethinamate in plasma and its major metabolite, trans- 
4-hydroxyethinamate, in urine. The assay uses a mass internal standard 
of dimethylethinamate. Ethinamate is extracted from alkalinized plasma 
with dichloromethane. Urine samples require p-glucuronidase hydrolysis 
prior to extraction of hydroxyethinamate. The dichloromethane is re- 
moved by evaporation, and the compounds are measured by GLC using 
a flame-ionization detector. By using GLC-chemical-ionization mass 
spectrometry, the compounds measured were identified as the intact 
ethinamates. Plasma and urine data are presented from a bioavailability 
study to demonstrate the utility of this method. From these data, the 
ethinamate plasma half-life was calculated as 1.9 f 0.3 hr. 


Keyphrases 0 Ethinamate and hydroxy derivative-GLC analysis in 
biological fluids, bioavailability from tablets and capsules, humans 0 
GLC-analysis, ethinamate and hydroxy derivative in biological fluids 


Sedatives-ethinamate and hydroxy derivative, GLC analysis in bio- 
logical fluids, bioavailability from tablets and capsules, humans 


GLC of acetylenic hypnotic agents was first described 
in 1960 (I) and later applied to biological samples (2). A 
method also was developed1 for the determination of 
ethinamate2 in human plasma by GLC. This method was 
improved (3) by using benzene instead of carbon disulfide 
as the extracting solvent. None of the foregoing methods 
utilized a mass internal standard. 


This paper describes a method for the assay of ethina- 
mate (I) in plasma and of trans-4-hydroxyethinamate (111) 
(4) in urine; it employs a mass internal standard. 


EXPERIMENTAL 


Reagents-Ethinamate and dimethylethinamate (11) were synthe- 
sized3. Compound I1 was used as the internal standard for GLC analysis. 
Compound 111 was obtained from the urine of human subjects given 
ethinamate. All solvents were spectroquality. The GLC packing material 
was 2% OV-17 on 80-100-mesh Chromosorb G4. 


Apparatus-The gas-liquid chromatograph5 was equipped with a 
flame-ionization detector and 1-mv recorder6. Disposable 15-ml centri- 
fuge tubes7 were used for the extractions. Tapered 15-ml glass centrifuge 
tube@, previously silanized, were used for evaporating dichloromethane 
(IV). 


Chromatographic Conditions-The recorder was operated at a chart 
speed of 0.63 cm/min. Helium carrier gas (flow rate of 60 ml/min) was 
filtered through a sieve, which had been preconditioned overnight a t  200" 
with dry nitrogen. A glass column (0.61 m X 3 mm i.d.1 containing the 
packing material was heated isothermally at  140" for 4 min followed by 
16O/min programming to 240' during the analysis to clear the column 
of late emerging peaks. The detector temperature was maintained at  250'. 
The oxygen and hydrogen flow rates were 240 and 60 ml/min, respec- 
tively. 


Under these conditions, the following retention times were observed 
I, 170 sec; 11,240 sec; and 111,420 sec (Fig. 1). The chromatogram obtained 


~ ~~~ ~~ 


1 D. M. Fuller, Lilly Research Center, Erl Wood, England, personal communi- 
cation. 


Valmid, Eli Lilly and Co., Indianapolis, Ind. 
At the Lillv Research Laboratories. Eli Lillv and Co.. Indianauolis. Ind. 
Ohio Valley Specialty Chemical, Marietta, Ohio. 


5 Model 5700A, Kewlett-Packard, Avondale, Pa. 
Model 71276, Hewlett-Packard, Avondale, Pa. 
Corning Glass Co.. Corning, N.Y. 


8 Matheson Scientific Co., Chicago, Ill. 


' 


Table I-Precision and  Accuracy in Measurement of 
Ethinamate Added to  Plasma and  trans-4-Hydroxyethinamate 
Added to  Urine 


Added, Measured 
rglml pglml RSD, % RE, % 


Plasma 
1.0 0.91 (0.76-1.09)' 14.3 -9.0 
4.0 3.76 (3.60-3.98) 3.5 -6.0 
8.0 7.97 (7.38-8.51) 5.1 -0.4 


4.7 t3 .3  
3.1 t2.7 


300 310 (290-322) P 
600 616 (605-645) 


Mean of eight replicate samples with range. Mean of four replicate samples 
with range. 


when a urinary extract was evaluated by GLC looked similar but was 
devoid of the ethinamate peak. 


Procedure-The 15-ml tapered centrifuge tubes were washed with 
chromic acid cleaning solution, rinsed with water, dried, and then si- 
lanized using a 1% solution of dimethyldichlorosilane in tolueneg. A 
standard solution of ethinamate in chloroform was added to 2 ml of blank 
plasma to give calibration concentrations of 0, 0.5, 2, 4, and 8 pg of 
druglml. To each tube was added 30 pl(6 pg) of the internal standard 
solution and 1 ml of 0.1 N NaOH. The mixture was then vortexed to en- 
sure uniform distribution of the compounds in the plasma. 


With a pipetlo, 10 ml of IV was added to each tube. The samples were 
shaken for 2 min and then centrifuged at  2000 rpm for 4 min. The upper 
aqueous phase was aspirated and discarded. The IV phase was transferred 
to a 15-ml silanized, tapered centrifuge tube and was evaporated to 
dryness a t  room temperature under a gentle stream of dry nitrogen. The 
residue was dissolved in 20 pl of carbon disulfide-chloroform (1:l) with 
the aid of a vortex mixer, and 2 pl of each sample solution was injected 
onto the GLC column. 


Urine was assayed for 111 by the following procedure. A standard so- 
lution of I11 in chloroform was added to 0.1 ml of blank urine to give 
calibration concentrations of 100,200,400, and 800 pg of druglml. This 
solution was buffered with 1 ml of 0.2 N sodium acetate buffer (pH 5.5) 


2 4 6 8  
MINUTES 


Figure 1-Gas-liquid chromatogram of extract of plasma spiked with 
4 pglrn l  of I ,  6 pglml of XI, and 4 pglml of III. 


This treatment appears to prevent adsorption of the ethinamates to the 
glassware. 


lo  Repipet, Lahindustries, Berkeley, Calif. 
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Figure 2-Chemical-ionization mass spectra of I (a), II (b), and III (c) 
obtained after GLC. Methane was used as the reagent gas. 


and incubated overnight a t  37" with 50 pl of /3-glucuronidase solutionll. 
The next day, 30 pl (6 pg) of the internal standard solution was added, 
and the procedure used for plasma was followed. 


Following chromatography of the calibration standards, peak height 
ratios'* of I and I11 to the internal standard were calculated. These ratios, 
plotted against concentrations in the 0.5@8.0-pg/ml range for I in plasma 
and in the 200-800-pg/ml range for 111 in urine, gave straight lines passing 
through the origin ( r  = 1.0). Mean slope values of 0.39 f 0.02 and 0.012 
f 0.0007 were obtained for I and 111, respectively. 


A bioavailability study of different dosage forms of ethinamate dem- 


11 Glusulase, Endo Laboratories, Garden City, N.Y. 
12 Results were virtually unaffected when relative peak areas were used instead 


of relative peak heights. 


Table 11-Dissolution Profiles of Ethinamate Tablets and 
CaDsuleP 


Ethinamate in Solution, x% (Range, RSD) 
Minutes Tablet Capsule 


5 58.6 (9.3,6.2) 41.9 (21.4, 18.8) 
15 78.0 (11.6,5.7) 74.3 (29.2,14.2) 
20 84.7 (6.2,3.4) 89.4 (26.4,19.4) 
60 94.1 (9.5,3.6) 101.9 (15.4,5.6) 


Mean of six tablets or capsules. 


Table 111-Ethinamate in Plasma Data 


Mnnn - 
Mean f SE Differ- 


Data Set Tablets Caosules encen 
~~~ 


Area under curves, 23.63 f 12.57 25.24 f 12.84 -1.61 
0-24 hr, p g  hr/ml 


Mean peak plasma 9.60 f 4.17 9.12 f 4.60 +0.48 
concentrations, pglml 


Mean peak times, hr 0.60 ?= 0.38 0.75 f 0.57 -0.15 


a Not significant at p < 0.05. 


onstrated the utility of this method. Ethinamate tablets and  capsule^'^, 
500 mg each, were administered to 12 subjects in a two-way crossover 
study. Each subject fasted for 8 hr before receiving a therapeutic dose 
of two ethinamate tablets or capsules. Blood samples were drawn a t  0, 
0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 10, 12, and 24 hr. Urine was collected for 24 
hr. 


Dissolution characteristics of the ethinamate tablets and capsules were 
determined using the USP-NF apparatus. Tablets or capsules were 
placed in 500 ml of pH 1.2 buffer at  37" and stirred at  50 rpm. The 
ethinamate content of the buffer solution was assayed col~rimetrically~~ 
using an automated analysis system. 


RESULTS AND DISCUSSION 


To estimate the precision and accuracy of the assay, plasma samples 
with known amounts of I and urine samples with known amounts of I11 
were assayed. The results are summarized in Table I. 


Chemical-ionization mass spectral5 of 1-111 were obtained after GLC 
(Figs. 2a-2c). These spectra verify that these compounds pass through 
the chromatographic column intact and are the compounds measured 
by the detector. 


The dissolution profiles (Table 11) show that I is rapidly made available 
for absorption from both the tablet and capsule formulations. 


The mean plasma ethinamate concentrations after administration of 
tablets and capsules are shown in Fig. 3. These plasma data were evalu- 
ated by an analysis of variance on the basis of the area under the plasma 
concentration-time curves, peak times, and the peak plasma concen- 
trations (Table 111). All parameters showed the tablets and capsules to 
be similar. The mean recoveries of the metabolite in the 24-hr urines were 
359.6 f 119.1 mg (32.8% recovery) for the tablets and 490.4 f 193.5 mg 


10 12 24  1 2  4 6 8 
HOURS 


Figure 3-Plasma ethinamate concentrations after administration of 
two 500-mg tablets (0) or two 500-mg capsules (m) of ethinamate to 12 
subjects. 


13 Valmid (ethinamate, Dista), Pulvules 399,500 mg. 
14 Sulfuric acid is used to hydrolyze the amide portion of the molecule. The lib- 


erated ammonia is complexed with sodium phenolate. This complex is oxidized with 
sodium hypochlorite t o  yield a chromophore absorbing at 590 nm. 


15 A Finnigan model 3100 Quadrupole mass spectrometer (Sunnyvale. Calif.) 
was used with the column and conditions used in this procedure. Methane was the 
reagent gas. 
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(44.6% recovery) for the capsules. The mean difference of 130.8 mg of 
hydroxyethinamate in the 24-hr urine from the tablets and capsules was 
significant. However, this significant difference can be explained largely 
by the unusually low recovery of 77 mg of 111 from one subject. Without 
this subject, the average 24-hr urine recovery of 111 was 385 mg for the 
other 11 subjects. The mean difference of 105 mg of I11 recovered in the 
24-hr urine from the two dosage forms was not significant. 


The half-life of ethinamate in plasma was determined from a semi- 
logarithmic regression analysis. The 1112 of ethinamate in plasma from 
these products was 1.9 i 0.3 hr. 
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Solubility and Ionization Characteristics of Phenytoin 


PETER A. SCHWARTZ *, C. T. RHODES *x, and J. W. COOPER, Jr.* 


~ 


Abstract 0 The solubility of phenytoin was determined in pH 7.4 and 
5.4 phosphate buffers a t  five temperatures; in hydroalcoholic solutions, 
M% methanol; and in pH 4.b8.4 buffer solutions. From the temperature 
data, the enthalpy and entropy of solution of this nonideal system were 
calculated and were similar at both pH values. The data obtained from 
the buffer solutions were used to calculate the apparent dissociation 
constant, pKa', of phenytoin as 8.06. A GLC method with on-column 
methylation was used to quantitate phenytoin with 5-(p-methyl- 
phenyl)-5-phenylhydantoin as an internal standard. The assay uses 
chloroform for extraction of the drug from aqueous solutions. The ratio 
of peak heights was adjusted for weights of aqueous and organic layers, 
and results were calculated in micrograms per gram of sample and mole 
fraction of phenytoin. Although hydroalcoholic solutions enhanced drug 
solubility, there is a potentially significant disadvantage in using alcohol 
for clinical studies. 


Keyphrases Phenytoin-solubility and ionization characteristics in 
various buffers and hydroalcoholic solutions Solubility-phenytoin 
in various buffers and hydroalcoholic solutions Ionization character- 
istics-phenytoin in various buffers and hydroalcoholic solutions 0 
Anticonvulsants-phenytoin, solubility and ionization characteristics 
in various buffers and hydroalcoholic solutions 


Because of its regulating effect on the bioelectric activity 
of the nervous system, phenytoin is used widely as an an- 
ticonvulsant and cardiac antiarrhythmic (1). The thera- 
peutic activity of the drug appears to be related to the 
concentration of free unbound drug in the plasma (2,3). 
The present paper reports some fundamental physico- 
chemical properties of the drug which have considerable 
relevance for pharmacokinetic studies. A GLC method was 
devised to achieve acceptable sensitivity (<5% error) from 
0.5 to 100 pg of phenytoin/ml. 


The apparent dissociation constant, pKa', was 8.31 when 
determined by UV spectrophotometry and 8.33 when de- 
termined by potentiometric titration in hydroalcoholic 
solutions (4). A graph of pKa' values as a function of the 
ethanol concentrations yields the apparent pKa' value in 
water (0% alcohol). A pKa' of 9.2 was determined by ti- 
tration in 50% methanol (5), in good agreement with that 
for 50% ethanol (4). 


Phenytoin is very slightly soluble in alkali at 26" (51, e.g., 
165 pg/ml at  pH 9.1 (borate buffer) and 1.52 mg/ml at  pH 
10, but it is practically insoluble in water, e.g., 14 pg/ml at 
pH 7 and 20 pg/ml a t  pH 7.4 at 24" (6). However, it is 
sparingly soluble in alcohol, 19.4 mg/g (7) or 1 g in about 
60 ml, and about one part in 30 ml of acetone (8). It is only 
slightly soluble in ether and chloroform (9). 


Shortly after the introduction of phenytoin as an anti- 
convulsant in 1937 (lo),  the first analytical method, a ti- 
trimetric procedure, was developed for the determination 
of quantitative plasma phenytoin levels (11,12), but this 
method lacked sensitivity in the clinical microgram range. 
Several spectrophotometric procedures (13-18) had con- 
siderably improved sensitivity. 


The most recent development in phenytoin assay pro- 
cedures involves the application of GLC, a highly specific 
and sensitive analytical technique (19, 20). A procedure 
using trimethylsilyl derivatives of phenytoin and its met- 
abolic products is sensitive, but these products are unstable 
in the presence of moisture (21,22). The quaternary am- 
monium base, trimethylanilinium hydroxide (I), was used 
successfully as a methylating agent (23) to convert the 
hydantoins to nonpolar, volatile derivatives, using the 
injection port of a gas chromatograph as the reaction 
chamber. This flash-heater methylation reaction is com- 
plete; the 1,3-dimethylhydantoin products are stable (24) 
and were identified by mass spectrometry as the sole 
products of this reaction (25). 


EXPERIMENTAL 


Materials-Phenytoin (5,5-diphenylhydantoin) and 5-(p-methyl- 
phenyl)-5-phenylhydantoin (11) were used as obtained (99+%)'. The 
melting point and IR spectrum of phenytoin were determined as an index 
of purity (9). Chloroform2 and all other chemicals employed were reagent 
grade. 


Aldrich Chemical Co., Milwaukee, WI 53233. 
J. T. Baker Chemical Co.. Phillipsburg, N.J. 
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Among the cycloalkyl substituents, the cyclopentyl group had a more 
favorable action than the cyclohexyl group. 
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Correction t o  “Ionization Constants of 
Cephalosporin Zwitterionic Compounds” 
~~ ~ 


Keyphrases 0 Ionization constants-cephalosporin zwitterionic 
compounds, error in equations corrected 0 Cephalosporin zwitterionic 
compounds-ionization constants, error in equations corrected 0 
Zwitterionic cephalosporin compounds-ionization constants, error in 
equations corrected 


To the Editor: 
In reviewing the derivation given in the paper “Ioniza- 


tion Constants of Cephalosporin Zwitterionic Compounds” 
(l), it was found that a factor was dropped in Eq. 12. This 
omission introduced an error into succeeding equations, 
and it is the purpose of this communication to correct this 
error. 


The experimental results and calculations were made 
using the equations shown below rather than those in the 
paper and, therefore, do not need to be changed. In addi- 
tion, the Results and Discussion section is correct in the 
paper. 


The correct form of Eq. 12 is: 


The correct form of Eq. 13 is: 


IIZI - WI = lH+)2 YNR- 
Y+HNRH 


K3{H+)- YNR- ([B] + - IH+I - ~ K‘ 
YNRH YH+ IH+IYoH- - [A]) + 


K 3 K 4 ( [ B ] + / H + ) - z - 2 [ A ] + [ Z ] l  YH+ IH+IYoH- 


The correct form of Eq. 14 is: 


6 = Kzt + K3K4F 


A plot of S l [  versus t/[ will be linear with a slope of K3 and 
S/[ will equal K3K4 at  t/[ = 0. Also, the value of d[ at  S l [  
= 0 will equal -K4. 


Equation 14 (as corrected here) may be solved using 
simultaneous equations by utilizing titrimetric and spec- 
trophotometric data obtained at each of two pH values. By 
labeling the two sets of data as 1 and 2, K3 and K4 can be 


calculated according to: 


which are the corrected forms of Eqs. 15 and 16, respec- 
tively. 


(1) W. H. Streng, H. E. Huber, J. L. DeYoung, and M. A. Zoglio, J .  
Pharm. Sci., 65,1034 (1976). 


William H .  Streng 
Merrell-National Laboratories 
Division of Richardson-Merrell Inc. 
Cincinnati, OH 45215 
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Nitrofurantoin Solubility in Aqueous 
Pyridoxine Hydrochloride Solutions 


Keyphrases 0 Nitrofurantoin-aqueous solubility, effect of pyridoxine 
hydrochloride Solubility-nitrofurantoin in aqueous solutions, effect 
of pyridoxine hydrochloride 0 Pyridoxine hydrochloride-effect on 
aqueous solubility of nitrofurantoin Antibacterials, urinary-nitro- 
furantoin, aqueous solubility, effect of pyridoxine hydrochloride 0 Vi- 
tamins-pyridoxine hydrochloride, effect on aqueous solubility of ni- 
trofurantoin 


To the Editor: 
Excess nitrofurantoin (approximately 50 mg) was added 


to 40 ml of an appropriate test solution (0-20.0% pyri- 
doxine hydrochloride in aqueous pH 3 or 5 buffer1) in a 
45-ml screw-capped bottle. The tightly closed container 
was wrapped in aluminum foil to keep out light, placed in 
a constant-temperature water bath at  37 f 0.lo, and ro- 
tated2 for a t  least 20 hr. Experiments indicated that 
equilibrium was established within 10-16 hr. The test so- 


1 Citric acid-dibasic sodium phosphate buffer; ionic strength of 0.7. 
2 Menhold rotating apparatus, Lester, Pa. 
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is not available, a copy can probably he obtained by writing one of the 
editors. The errors were corrected in the second printing. 


A rapid reading revealed surprisingly few misspelled words and only 
a few errors in the other chapters. Most errors are minor and do not sig- 
nificantly detract from the usefulness of the material. 


Errors in structural formulas include carbenicillin indanyl sodium, p. 
289; cephalothin sodium, p. 292; cephapirin sodium, cephamycin, and 
cefoxitin, p. 294; anhydrotetracycline, p. 308; oleandomycin, p. 317; lin- 
comycin, p. 320; nystatin, p. 330; carbachol intermediate, p. 469; and 
neostigmine, p. 472. 


Other minor errors were also noted. On p. 306, a “2” should be replaced 
by a “3” to read, “. . . protonation of the enol group on carbon atom 3. . . .” 
In the “Mechanism of Hydrolysis of AChE,” p. 467, a positive charge was 
omitted and the orientation of a water molecule is misleading. On p. 477, 
the acid proton is incorrectly placed on pilocarpine hydrochloride. The 
structural formula number (I) was omitted on p. 555. In the third line on 
p. 560 “R” should replace “S,” which refers to the absolute configuration 
of bisquaternary species. Since rotoxamine is the levorotatory isomer of 
carbinoxamine, the following statement should be deleted from pp. 652 
and 654. “In compounds that exhibit optical isomerism the dextrorotatory 
isomer possesses most of the antihistaminic activity.” Finally, on p. 665, 
the acid proton is incorrectly placed on antazoline hydrochloride. 


A footnote in the chapter on Analgesic Agents explains that the popular 
term “analgesic” is used in preference to the etymologically correct term 
“analgetic.” Perhaps it would be appropriate to explain a similar rela- 
tionship in the usage of the terms “antitubercular” and “antituberculous” 
either on p. 144 or 331. 


In the reviewer’s opinion, the seventh edition is an improvement of an 
already good textbook. It should be well received in the classroom and 
is highly recommended as a textbook for courses in undergraduate 
medicinal and pharmaceutical chemistry. 


Reuiewed by Charles M. Darling 
School of Pharmacy 
Auburn University 
Auburn, AL 36830 


Assessing Drug Reactions-Adverse and  Beneficial, Vol. 7: Phi- 
losophy and Technology of Drug Assessment. Edited by FRANK 
N. ALLAN. Interdisciplinary Communication Associates, Smithsonian 
Institute, Washington, DC, 1976. 158 pp. 15 X 23 cm. 
This book contains the report of the seventh conference in a series on 


the Philosophy and Technology of Drug Assessment. This conference 
dealt with the basic problem of defining, detecting, reporting, and as- 
sessing adverse drug reactions. The conference was conducted by the 
Interdisciplinary Communications Program of the Smithsonian Insti- 
tution. 


The topics discussed in the book include terminology and definition 
of adverse drug reactions, risk-benefit analysis of adverse drug reactions, 
and various approaches that can be used in collecting data about adverse 
drug reactions. The book is written in a narrative style and includes edited 
statements of conference participants. 


The book indicates that there was a lack of agreement among the 
conference participants regarding the magnitude of the problem, how 
to assess that magnitude, or who needed the most increased under- 
standing. However, there was a consensus agreement that a national 
adverse drug reaction monitoring system is needed and that the system 
should he part of a larger system that includes data collection of the pa- 
tient’s whole response to drug therapy. 


The book provides an informative insight into the controversy sur- 
rounding the collection and evaluation of adverse drug reaction data. The 
personal experiences of some conference participants are very enlight- 
ening and enable the reader to obtain a better grasp of the problems as- 
sociated with collecting and evaluating adverse drug reaction data. 


Reviewed by Frank Ascione 
University of Michigan 
Ann Arbor, M I  48104 


AMA D r u g  Evaluations, 3rd Ed. Prepared by the AMA Department 
of Drugs in cooperation with the American Society for Clinical Phar- 
macology and Therapeutics. Publishing Sciences Group, 545 Great Rd., 
Littleton, MA 01460, 1977. 1327 pp. 18 X 26 cm. Price $29.50. 
The third edition of this valuable reference source has been completely 


reorganized, updated, and expanded. The hook is divided into 19 sections 
based on therapeutic category. Each section contains more specific 
chapters, which begin with a brief introduction and include detailed 
evaluations for individual drugs and compounds. 


The book gives information on dosage, contraindications, and adverse 
reactions and includes structural formulas for most single-entity drugs. 
I t  also lists generic and proprietary names and available dosage forms 
and sizes. Included are evaluations of over 1300 drugs, information on 
investigational agents, and extensive listings for normal values of clinical 
laboratory tests. Also, there is information on drug interactions, labeling, 
and use of drugs during pregnancy. 


This book is essential for those who prescribe, dispense, or administer 
drugs or who require information on applied therapeutics. 


Staff review 


Organic Chemistry of Drug  Synthesis. By DANIEL LEDNICER and 
LESTER A. MITSCHER. Wiley, 605 Third Ave., New York, NY 
10016,1977.471 pp. 16 X 23 cm. Price $22.50. 
This book is an attempt to present to synthetic organic and medicinal 


chemists the synthetic routes used to prepare a great majority of organic 
compounds used as drugs. The book focuses on compounds that are either 
used in the clinic or have undergone clinical trial, concentrating on those 
assigned generic names by the USAN Council. There are 22 chapters, each 
of which is organized by structural rather than pharmacological classes. 
The pharmacology involved in the various disease states discussed and 
the mode of action in selected drug classes are written in terms useful to 
the chemist with a rudimentary knowledge of biology. A glossary of 
commonly used pharmacological terms is included. 


The book is filled with errors of all types, which the reviewer found to 
be extremely irritating. In a t  least three places, the authors refer to 
substituted ureas as carbamates (structure 10, p. 7). No chapter was error 
free. Frequently compounds were given wrong numbers in the discussion 
section. Structure 61 (p. 36) is a piperidyl derivative, not a pyrrolidino 
derivative as listed. Structure 30 (p. 150) is referred to twice (p. 151) as 
an allylic halide when it is not one. Alkylation reactions using N ( 2 -  
ch1oroethyl)diethylamine are common throughout the book. Only twice 
is an aziridinium salt mentioned as an intermediate (methadone, p. 79, 
and promethazine, p. 373). It is quite possible that aziridinium salts play 
important roles in all such alkylations, not just the two unsymmetrical 
cases listed by the authors. 


The only three groups of compounds with recent references are the 
benzodiazepines, prostaglandins, and cephalosporins. Only a t  the end 
of the chapter on steroids do the authors indicate that drug research in 
this area has not stopped. This statement can surely be made about all 
of the other areas covered in the book and should not have been limited 
to the steroids alone. No mention was made of any drugs for neoplastic 
diseases, which is certainly another shortcoming of the book. 


Short statements related to medicinal chemistry appear throughout 
the book (rigid analogs, pp. 355 and 387; the role of aromatic rings, pp. 
40 and 108; and receptor, p. 218). The statements are often vague, and 
it would have been helpful if the authors had included an introductory 
chapter covering the major aspects of medicinal chemistry. 


Organic chemists with no background in drugs should find this a useful 
introduction to the subject. This book provides only a superficial coverage 
of the subjects included and cannot be recommended as either an intro- 
ductory text or as a reference source for anyone actively engaged in drug 
research. 


Revierued by Sharon G. Boots 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. VA 23298 
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Among the cycloalkyl substituents, the cyclopentyl group had a more 
favorable action than the cyclohexyl group. 
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Correction t o  “Ionization Constants of 
Cephalosporin Zwitterionic Compounds” 
~~ ~ 


Keyphrases 0 Ionization constants-cephalosporin zwitterionic 
compounds, error in equations corrected 0 Cephalosporin zwitterionic 
compounds-ionization constants, error in equations corrected 0 
Zwitterionic cephalosporin compounds-ionization constants, error in 
equations corrected 


To the Editor: 
In reviewing the derivation given in the paper “Ioniza- 


tion Constants of Cephalosporin Zwitterionic Compounds” 
(l), it was found that a factor was dropped in Eq. 12. This 
omission introduced an error into succeeding equations, 
and it is the purpose of this communication to correct this 
error. 


The experimental results and calculations were made 
using the equations shown below rather than those in the 
paper and, therefore, do not need to be changed. In addi- 
tion, the Results and Discussion section is correct in the 
paper. 


The correct form of Eq. 12 is: 


The correct form of Eq. 13 is: 


IIZI - WI = lH+)2 YNR- 
Y+HNRH 


K3{H+)- YNR- ([B] + - IH+I - ~ K‘ 
YNRH YH+ IH+IYoH- - [A]) + 


K 3 K 4 ( [ B ] + / H + ) - z - 2 [ A ] + [ Z ] l  YH+ IH+IYoH- 


The correct form of Eq. 14 is: 


6 = Kzt + K3K4F 


A plot of S l [  versus t/[ will be linear with a slope of K3 and 
S/[ will equal K3K4 at  t/[ = 0. Also, the value of d[ at  S l [  
= 0 will equal -K4. 


Equation 14 (as corrected here) may be solved using 
simultaneous equations by utilizing titrimetric and spec- 
trophotometric data obtained at each of two pH values. By 
labeling the two sets of data as 1 and 2, K3 and K4 can be 


calculated according to: 


which are the corrected forms of Eqs. 15 and 16, respec- 
tively. 


(1) W. H. Streng, H. E. Huber, J. L. DeYoung, and M. A. Zoglio, J .  
Pharm. Sci., 65,1034 (1976). 


William H .  Streng 
Merrell-National Laboratories 
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Nitrofurantoin Solubility in Aqueous 
Pyridoxine Hydrochloride Solutions 


Keyphrases 0 Nitrofurantoin-aqueous solubility, effect of pyridoxine 
hydrochloride Solubility-nitrofurantoin in aqueous solutions, effect 
of pyridoxine hydrochloride 0 Pyridoxine hydrochloride-effect on 
aqueous solubility of nitrofurantoin Antibacterials, urinary-nitro- 
furantoin, aqueous solubility, effect of pyridoxine hydrochloride 0 Vi- 
tamins-pyridoxine hydrochloride, effect on aqueous solubility of ni- 
trofurantoin 


To the Editor: 
Excess nitrofurantoin (approximately 50 mg) was added 


to 40 ml of an appropriate test solution (0-20.0% pyri- 
doxine hydrochloride in aqueous pH 3 or 5 buffer1) in a 
45-ml screw-capped bottle. The tightly closed container 
was wrapped in aluminum foil to keep out light, placed in 
a constant-temperature water bath at  37 f 0.lo, and ro- 
tated2 for a t  least 20 hr. Experiments indicated that 
equilibrium was established within 10-16 hr. The test so- 


1 Citric acid-dibasic sodium phosphate buffer; ionic strength of 0.7. 
2 Menhold rotating apparatus, Lester, Pa. 
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Figure 1-Nitrofurantoin solubility in aqueous pyridoxine hydro- 
chloride solutions at pH 3 and 5 at 37”. 


lutions were then filtered3 (0.45-pm pore size), and the 
filtrate was diluted with deionized distilled water to a 
proper concentration (40-100 mg/liter) for spectropho- 
tometric assay using the method of Conklin and Hollifield 
(1). A t  least three experimental runs were made for each 
test medium. 


Figure 1 shows the effect of pyridoxine hydrochloride 
on nitrofurantoin solubility at two pH values. The addition 
of pyridoxine hydrochloride significantly increased ni- 
trofurantoin solubility, and this increase was linearly de- 
pendent on the pyridoxine concentration. The higher 
initial solubility of nitrofurantoin in pH 3 solution than in 
pH 5 solution (no pyridoxine) agrees with earlier studies 
(2), and this trend of higher solubility was maintained for 
the experimental concentration range of pyridoxine hy- 
drochloride. 


Mattheus and Heise (3) reported that the nitrofurantoin 
concentration in urine during simultaneous administration 
in humans of pyridoxine (up to 100 mg) was increased on 
an average of 62%. They suggested that pyridoxine might 
increase nitrofurantoin absorption through the gut and 
also proposed possible effects on kidney filtration, plasma 
protein binding, and metabolic processes. Our data indi- 
cate that the relatively small amount of pyridoxine hy- 
drochloride (100 mg) might increase slightly nitrofurantoin 
solubility in the gut if the two drugs are given simulta- 
neously; however, this increased solubility could not ac- 
count for the higher nitrofurantoin concentrations re- 
ported in the urine. 


Any interaction between pyridoxine and nitrofurantoin 
molecules in solution could not be detected by spectral 
analysis including difference spectroscopy. Surface tension 
measurements indicated that pyridoxine hydrochloride 
had negligible surface activity. 


Further investigations are being conducted in these 
laboratories to determine the effect ef pyridoxine hydro- 
chloride and pyridoxine derivatives on the solubility of 
other drugs and to elucidate the mechanism(s) of action 
of this solubilization phenomenon. 


(1)  J .  D. Conklin and R. D. Hollifield, Clin. Chem., 11,925 (1965). 


3 Millipore. 


(2) L. K. Chen, D. E. Cadwallader, and H. W. Jun, J.  Pharm. Sci., 65, 


(3) A. Mattheus and H. Heise, Dtsch. Ges. Wesen, 28,716 (1973). 
868 (1976). 
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Cannabis satiua L. (Marijuana) IX: 
Lens Aldose Reductase Inhibitory 
Activity of Marijuana Flavone C-Glycosides 


Keyphrases Cannabis satiua-three flavone C-glycosides isolated, 
effect on rat lens aldose reductase evaluated 0 Flavone C-glycosides, 
various-isolated from Cannabis satiua, effect on rat lens aldose re- 
ductase Marijuana flavonoidss-various flavone C-glycosides, effect 
on rat lens aldose reductase 0 Aldose reductase, rat lens-effect of three 
flavone C-glycosides isolated from Cannabis satiua 


To the  Editor: 
Pursuant to ongoing studies (1) dealing with the isola- 


tion and characterization of biologically active substances 
from Cannabis satiua L. (marijuana), we recently isolated 
and elucidated the structures of one known and two new 
flavone C-glycoside compounds from the aerial parts of a 
Mexican strain of marijuana1. The known compound was 
orientin (I) and the new compounds, named flavocanna- 
biside (11) and flavosativaside (III), corresponded to ori- 
entin-2”-0-/3-D-glucopyranoside and vitexin-2”-0-/3-D- 
glucopyranoside, respectively2. 


A recent report (2) indicated that certain flavonoids 
were potent inhibitors of lens aldose reductase, an enzyme 
that has been implicated in the pathogenesis of cataracts 
in humans suffering from diabetes and galactosemia. In 
that report, eight flavonoids representing a limited number 
of flavonoid types were studied one flavanone (hesperitin), 
two flavones (quercetin and morin), four flavonol glyco- 
sides [quercitrin (IV), myricitrin, rutin, and robinin], and 
one isoflavone (2-carbethoxy-5,7-dihdroxy-4’-methoxy- 
isoflavone). Quercitrin, quercetin, and myricitrin were 
found to be more potent than two of the previously known 
aldose reductase inhibitors, tetramethyleneglutaric acid 
and 1,2-dioxo-1H-benz[de]isoquinoline-2(3H)-acetic acid. 
However, since no flavone C-glycosides were included in 
that study, it was considered worthwhile to evaluate the 


The plant material used was the air-dried flowering tops of female plants grown 
for 14 weeks and harvested at the University of Mississippi during the 1971 season. 
This material was identified as Cannabis satiuo L. (Cannahaceae) by Dr. Maynard 
W. Quimby, Department of Pharmacognosy, University of Mississippi. A voucher 
specimen representing material (Batch 10-CMF-71-CT-72) collected for this in- 
vestigation is available for inspection at the Herbarium, Department of Pharma- 
co nosy, University of Mississippi. 


To be published. 
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Quantification of Lidocaine and Several Metabolites 
Utilizing Chemical-Ionization Mass Spectrometry and 
Stable Isotope Labeling 


S. D. NELSON, W. A. GARLAND, G. D. BRECK, and 
W. F. TRAGER" 


Abstract 0 Quantification of the suspected metabolites of lidocaine in 
humans was carried out using the direct insertion probe and chemical- 
ionization mass spectrometry. Deuterated analogs of the metabolites of 
lidocaine were added to serial human plasma and urine samples and were 
used as internal standards following oral administration of 250 mg of 
lidocaine hydrochloride monohydrate to two male subjects and 202 mg 
of lidocaine free base to one male subject. The average results after 
analysis of the 0-24-hr urine samples, before 0-glucuronidase-sulfatase 
treatment, indicated the presence of seven of the possible metabolites 
in the following amounts (percent of administered dose based on the free 
base): lidocaine, 1.95; w-ethylamino-2,6-dimethylacetanilide, 4.90; 
w-amino-2,6-dimethylacetanilide, 0.88; m- and/or p-hydroxylidocaine, 
0.73; m - and/or p -hydroxy-w-ethylamino-2,6-dimethylacetanilide, 0.56; 
2,6-dimethylaniline, 0.97; and 4-hydroxy-2,6-dimethylaniline, 63.5. Both 
N-ethyl- and N,N-diethylglycine were detected in human and Rhesus 
monkey urine, although quantification was not achieved. 


Keyphrases 0 Lidocaine and various metabolites-chemical-ioniza- 
tion mass spectrometric and stable isotope labeling analyses, human 
plasma and urine Chemical-ionization mass spectrometry-analyses, 
lidocaine and various metabolites, human plasma and urine 0 Stable 
isotope labeling-analyses, lidocaine and various metabolites, human 
plasma and urine 0 Anesthetics, local-lidocaine and various metabo- 
lites, chemical-ionization mass spectrometric and stable isotope labeling 
analyses, human plasma and urine 


Lidocaine (Ia) is a widely used local anesthetic and an- 
tiarrhythmic agent. A t  present, it is generally considered 
the most useful drug in suppressing ventricular arrhyth- 
mias, which occur in approximately 80% of all myocardial 
infarction cases (1-3). Based on the structure of the drug, 
three sites are susceptible to metabolic attack the tertiary 
amino group, the amide linkage, and the aromatic ring. 
The tertiary amino group is susceptible to N-oxidation and 
oxidative N-dealkylation (4). The amide linkage is sus- 
ceptible to hydrolysis by microsomal amidases (5) and to 
oxidation by liver microsomes to an N-hydroxyamide (4). 
The aromatic ring and the aryl methyl groups are also 
susceptible to hydroxylation (4). Many of these reactions 
were detected using nonspecific colorimetric assays and 
paper chromatography (6-9) and, more recently, more 
specific GC methods (10-12). 


Using electron-impact mass spectrometry, Breck 
and Trager (13) confirmed the presence of lidocaine, w- 
ethylamino-2,6-dimethylacetanilide (Ib), and 2,6-di- 
methylaniline (Ha) in human urine following an oral dose 
or an intravenous infusion of lidocaine. They also detected 
small amounts of a new cyclic metabolite of lidocaine, 
N1- ethyl-2-methyl-N3-( 2,6-dimethylphenyl) -4-imidazo- 
lidinone (111). GC-mass spectrometry was used to detect 
and quantify lidocaine and its two N-deethylated me- 
tabolites, Ib and w-amino-2,6-dimethylacetanilide (Ic), in 
the plasma and urine of patients receiving intravenous 
infusions of the drug for the treatment of cardiac ar- 
rhythmias (14,15). Under these conditions, lidocaine levels 
ranged from 1.2 to 15 pg/ml, Ib levels ranged from 0.2 to 
2.4 pg/ml, and Ic levels ranged from C1.0 to 2.7 pg/ml, with 


R4 


+R2mR* 


CJA 
Ia: R,  = CH,N(CH,CH,),, R, = H, R, = CH,, R, = H 


Ib: R,  = CH,NHCH,CH,, R, = H, R, = CH,, R, = H 


Ic: R, = CH,NH,, R, = H, R, = CH,, R, = H 


Id: R ,  = CH,N(CH,CH,),, R, = H, R,= CH,, R, = OH 


Ie: R, = CH,NHCH,CH,, R, = H, R, = CH,, R, = OH 


If: R ,  = CH,N(CH,CH,),, R, = H, R, = CH,OH, R, = H 
Ig: R, = CH,NHCH,CH,, R,  = H, R, = CH,OH, R, = H 


Iu-d,: R ,  = CH,N(CD,CH,), 


Ib-d,: R ,  = CH,NHCH,CD, 


Ic-d,: R,  = CD,NH, 


Id-d,: R,  = CH,N(CD,CH,), 


Ie-d,: R ,  = CH, NHCH,CD, 


kd,: R, = CD,OH 
Ih:-R,*= CH,N(CH,CH,),, R, = OH, R, = CH,, R, = H 


Ii: R ,  = CH,NHCH,CH,, R, = OH, R, = CH,, R, = H 


Ij: R ,  = CH,N(CH,CH,),, R, = H, R, =CH,, R, = H 


Ih-d,: R ,  = CH,N(CD,CH,), 


Ii-d,: R, = CH,NHCH,CD, 


+ 
0 


1180 /Journal of Pharmaceutical Sciences 







,R. 


CH, 
IIa: R, = H, R, = CH,, R, = H 
IIb: R, = H, R, = CH,OH, R, = H 


IId: R,  = H, R, = CH,, R, = OH 


110-d,: R, = CHD, 
IIb-d,: R, = CD,OH 


IIc: R, = OH, R, = CH,, R, = H 
IId-d,: R, = CHD, 


111 


/R' 


'% 
HO,CCH,N 


IVQ: R,  = CH,CH,, R, = CH,CH, 


IVb: R ,  = CH,CH,, R, = H 
IVa-d,: R, = CD,CH,, R, = CD,CH, 


IVb-d,: R,  = CH,CD,, R, = H 


Ic levels <1.0 pg/ml not measurable. A rapid, specific, 
analytical technique for monitoring these metabolites 
might be useful, since one or more of these biotransfor- 
mation products may be responsible for some of the central 
nervous system toxicity associated with lidocaine thera- 
PY. 


A more direct quantification of quinidine, lidocaine, and 
their metabolites in human plasma, utilizing a combination 
of stable isotope labeling and chemical-ionization mass 
spectrometry, was described previously (16). This tech- 
nique is now applied to the quantification of lidocaine and 
several of its metabolites in human plasma and urine. 


The chemical-ionization mass spectrometry-stable 
isotope technique, combined with some more classical 
techniques, confirmed (at least under the in uiuo condi- 
tions of dosage and analysis used in this study) the pres- 
ence of many suspected lidocaine metabolites and showed 
the absence of others. To carry out this analysis, the 17 
suspected metabolites (Iu-Ij, IIa-IId, 111, IVu, and IVb) 
and the deuterated analogs were synthesized. 


EXPERIMENTAL' 


Equipment-Melting points2 are uncorrected. When obtaining 
chemical-ionization mass spectra, the electron gun voltage was set a t  510 
v and the ion repeller was set between 0.0 and 1.0 v. The source and an- 
alyzer ion gauges read 1.8 X torr, respectively. The 
source chamber pressure was 0.5 torr as read from a calibrated McLeod 
gauge some distance from the ion chamber. Both sample and reagent gas 
were introduced oia a specially designed direct insertion probe (17, 
18). 


All mass spectra were run at  an accelerating voltage of 8 kv and a mass 
resolution of m/A = 3500 (5% valfey definition). All samples were dis- 
solved in either ethanol3 or methanolic hydrogen chloride, the solution 


and 7.6 X 


~ 


1 IR spectra were recorded on either a Perkin-Elmer 337 or Varian IR-5A 
spectrophotometer. NMR spectra in chloroform-d3, unless otherwise indicated 
were recorded on a Varian A-60 (6) or T-60 (ST);  all chemical shift values are reported 
as d values with tetramethylsilane as internal standard. Electron-impact mass 
spectra were obtained on an A H  MS 902 (direct inlet; 70 ev); chemical-ionization 
mass spectra were obtained on an AEI MS-9 double-focusing mass s ectrometer 
modified for chemical ionization, using isobutane as the reagent gas 67) .  


Fischer-Johns. 
3 Gold shield. 


was applied to the ceramic probe tip, and the solvent was evaporated with 
a gentle stream of nitrogen. Elemental analyses4 were obtained where 
appropriate. 


Lidocaine (1a)-Compound Ia5 was recrystallized from purified 
petroleum ether (bp 30-60') to obtain colorless needles, mp 67-68' (19). 
The chemical-ionization mass spectrum showed that the MH+ ion at  m/e 
235 and its 13C-satellite represented 84.8% of the total ion current; m/e 
164 represented 15.2% of the total ion current from m/e 100 to 300. 


Lidocaine-d4 (Ia-dd)-A mixture of freshly distilled acetonitrile (4.10 
g, 0.1 mole) and 200 mg of Adam's catalyst in freshly distilled acetic an- 
hydride (30 ml) was hydrogenated (30 psi, deuterium gas) for 4 hr. An 
additional 100 mg of catalyst was added, and the hydrogenation was 
continued an additional 2 hr. After removal of reduced platinum by 
suction filtration, the filtrate was distilled through a short-path frac- 
tionating column to yield N-ethylacetamide-ds, bp 204-207' (7.1 g, 
80%). 


To an ice bath-cooled solution of aluminum trideuteride (-46 mmoles 
generated from lithium aluminum deuteride and sulfuric acid) in tetra- 
hydrofuran was added dropwise a tetrahydrofuran solution of N-eth- 
ylacetamide-dz (1.90 g, 23 mmoles) over 60 min. The solution was slowly 
allowed to come to room temperature and was stirred an additional 18 
hr under nitrogen. Excess aluminum trideuteride was destroyed with 4 
ml of tetrahydrofuran-water (l:l), followed by hydrolysis of aluminate 
complexes with 8 ml of 15% NaOH. The liberated diethylamined4 was 
codistilled with tetrahydrofuran at  59-60'. 


To the tetrahydrofuran solution, 60 ml, containing diethylamine-d4 
was added w-chloro-2,6-dimethylacetanilide (19) (1.97 g, 10 mmoles), and 
the solution was stirred at  reflux for 3 hr. To the solution was added 450 
mg of sodium hydroxide in 2 ml of water, and the reaction was refluxed 
an additional 2 hr. Rotary evaporation of solvent yielded a pale-yellow 
liquid, which was taken up in ether, washed with water, and extracted 
into 10% HCl. The acid extract was made basic with 5 N NaOH and 
back-extracted into ether. The ether back-extract was washed with water, 
filtered through anhydrous sodium sulfate, and dried over calcium sul- 
fate6. Removal of solvent and three recrystallizations from petroleum 
ether yielded 1.4 g (59%), mp 65-67'; NMR aT 1.13 [broad s, 
N(CD&H&], 2.23 (s, aryl methyls), 3.20 (s, O=CCHzN), 7.07 (s, aro- 
matics), and 8.90 (broad s, HNC=O) ppm; high-resolution mass mea- 
surement: calc. for C14Hla2H4N20, 238.1983; found, 238.1979. 


A chemical-ionization mass spectral analysis showed the following 
isotopic abundances: lidocaine-d4,71.5% (m/e 239); lidocaine-d3,19.0% 
(m/e 238); lidocaine-dz, 4.4% (m/e 237); lidocaine-dl, 5.1% (m/e 236); and 
lidocaine, 0% (m/e 235). 
w-(@-2H-Ethylamino)-2,6-dimethylacetanilide (Ib-&)-Ethyl- 


amine-d3 hydrochloride was synthesized, according to the procedure of 
Ross et al. (20), by lithium aluminum hydride reduction of acetonitrile- 


To a magnetically stirred mixture of w-chloro-2,6-dimethylacetanil- 
ide (295 mg, 2 mmoles) and ethylamine-d3 hydrochloride (254 mg, 3 
mmoles) in dioxane (20 ml) and water (5 ml) was added anhydrous po- 
tassium carbonate (420 mg, 3 mmoles) in 20-mg portions over 2 hr while 
the reaction was heated at 60' in an oil bath. After the addition was 
complete, the reaction was stirred an additional 3 hr. Rotary evaporation 
of the solvent yielded a white crystalline mass, which was worked up as 
described for Ib. Removal of solvent gave a pale-yellow liquid, which was 
taken up in 20 ml of purified hexane and recrystallized to yield 350 mg 
(80%) of small needles, mp 49-51', The hydrochloride was made by dis- 
solving the free base in absolute ethanol and bubbling through anhydrous 
hydrogen chloride. Light needles formed and were collected by suction 
filtration, mp 285-288' dec. 


A chemical-ionization mass spectral analysis showed the following 
isotopic abundances: Ib-d3, 66.0% (m/e 210); Ib-dz, 22.4% (m/e  209); 
Ib-dl, 8.0% (m/e 208); and Ib, 3.6% (m/e  207). 
w-Amino-2,6-dimethylacetanilide (1c)-To a magnetically stirred 


solution of freshly distilled 2,6-dimethylaniline (1.21 g, 0.01 mole) and 
N-benzyloxycarbonylglycine7 (2.10 g, 0.01 mole) in dichloromethane (50 
ml) was added dicyclohexylcarbodiirnide'' (25 ml) over 20 min. During 
the addition, a heavy white precipitate formed. Additional dichloro- 
methane (75 ml) was added, and the slurry was stirred for 2 hr at room. 
temperature. 


The white precipitate, containing both dicyclohexylurea and w-ben- 
zyloxycarbonylamino-2,6-dimethylacetanilide, was collected by suction 


d3. 


Huffman Laboratories, Wheatbridge, Colo. 
Astra Pharmaceutical Products, Worcester, Mass. 


6 Drierite. 
7 Aldrich Chemicals, San Leandro, Calif. 
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Figure I-Comparatiue chemical-ionization mass spectra of I d  ( A )  and If (B). 


filtration and dissolved in aldehyde-free ethanol (75 ml) (21). The mixture 
was hydrogenated (25 psi hydrogen) on a Paar shaker over 300 mg of 10% 
palladium-on-carbon for 15 hr at room temperature. Rotary evaporation 
of ethanol gave a pale-yellow liquid, which was dissolved in purified 
chloroform (50 ml) (22) and extracted with two portions of 10% HCl(25 
ml). Combined acid extracts were made basic with 5 N NaOH and 
back-extracted into ether. 


The ethereal solution was washed with water, dried over anhydrous 
sodium sulfate, and evaporated to yield a semisolid mass. Recrystalli- 
zation from purified hexane-2-propanol gave 750 mg (42%) of white 
needles, mp 80-88' [lit. (15) mp 79-80']; IR (KBr): 3400 (NHz), 3300 
(amide NH), and 1660 (amide C=O) cm-l; NMR bT 1.55 (broad m, 
NHz), 2.20 (s, aryl methyls), 3.50 (t, J = 7 Hz, O=CCH2NH2), 7.05 (8 ,  
aromatics), and 8.80 (broad s, HNC=O) ppm. Addition of deuterium 
oxide showed loss of the broad multiplet at 1.65 ppm and collapse of the 
triplet at 3.50 ppm to a singlet. 


The isobutane chemical-ionization mass spectrum of Ic showed that 
the MH+ ion at mle 179 and its 1%-satellite represented 96.8% and m/e 
164 was 3.2% of the total ion current. The electron-impact spectrum of 
Ic was published previously (15). 
a-2H-w-Amino-2,6-dimethylacetanilide (Ic-&)-To a solution of 


w-amino-2,6-dimethylacetanilide (750 mg) in 99.7% deuterium oxide (20 
ml) and freshly distilled tetrahydrofuran (5 ml) was added 0.5 g of an- 
hydrous potassium carbonate. The solution was heated at  90' for 24 hr, 
cooled, and lyophilized; this procedure was repeated three times. After 
the final lyophilization, the white crystalline residue was taken up in 
purified chloroform (50 ml) and water (30 ml) and shaken vigorously. The 
chloroform extract was washed with two additional portions of water (10 
ml) and dried over anhydrous sodium sulfate. Rotary evaporation yielded 
a pale-yellow crystalline solid, which was recrystallized from purified 
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hexane-2-propanol to give 510 mg (68%) of white needles, mp 79-80.5'; 
NMR: bT 1.55 (broad s, NH2), 2.20 (s, aryl methyls), and 8.80 (broad s, 
HNC=O) ppm. 


The chemical-ionization mass spectrum showed the following isotopic 
abundances: Ic-d2,99.0% (mle 181); Ic-dl, 1.0% (mle 180); and Ic, 0% 
(mle 179). 
3-Hydroxy-o-diethylamino-2,6-dimethylacetanilide (Id)- 


Compound Id was synthesized in 52% overall yield, according to the 
method of Keenaghan and Boyes (12), by nitration of lidocaine, reduction 
to the aromatic amino compound, diazotization, and hydrolysis to yield 
the phenol as white hexagonal plates from benzene-ethyl acetate, mp 
203-204'. The chemical-ionization mass spectrum is shown in Fig. 1. 
3-Hydro~y-w-(a,a-~H-diethylamino) -2,6-dimethylacetanilide 


(Id-d&-Compound Id-da was synthesized in 57% overall yield, ac- 
cording to the method of Keenaghan and Boyes (12), starting with lido- 
caine-dh, mp 202-204', after sublimation (140°, 0.3 mm Hg); NMR d 1.13 
[broad s, N(CD&H&], 2.05 and 2.17 (s, aryl methyls), 3.30 (s, 
O=CCHzN), 6.75 (AB m, J = 9 Hz, aromatics), and 8.90 (broad s, 
HNC=O) ppm. 


The chemical-ionization mass spectrum showed the following isotopic 
abundances: Id-&, 71.0% (mle 255); Id-d3, 22.9% (mle 254); Id-d2,4.0% 
(mle 253); Id-dl, 2.0% (mle 252); and Id, 0% (mle 251). 
3-Hydroxy-w-ethylamino-2,6-dimethylacetanilide (1e)-Com- 


pound Ie was synthesized in 38% overall yield, according to the method 
of Keenaghan and Boyes (12), using the same reaction sequence as de- 
scribed for Id but starting with Ib, to yield off-white small plates from 
purified chloroform, mp 147-149'; NMR bT 1.18 (t, J = 7 Hz, 
NCHzCHs), 2.05 and 2.17 (s, aryl methyls), 2.80 (q, J = 7 Hz, NCH2CH3), 
3.40 (s,O=CCHzN), 4.60 (broads, OH and NH), 6.75 (AB m, J = 9 Hz, 
aromatics), and 8.90 (broad s, HNC=O) ppm. 
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3-Hydroxy-w-(~-2H-ethylamino)-2,6-dimethylacetanilide (Ie- 
ds)-Compound Ie-d3 was synthesized in 28% overall yield, according 
to the method of Keenaghan and Boyes (12), starting with 16-d3, mp 
147-149'; NMR aT 2.05 and 2.17 (9, aryl methyls), 2.80 (broad s, 
NCHzCDd, 3.40 (s, O=CCH2N), 4.60 (broads, OH and NH), 6.75 (AB 
m, J = 9 Hz, aromatics), and 8.90 (broad s, HNC=O) ppm. 


The chemical-ionization mass spectrum showed the following isotopic 
abundances: Ie-d3,64.8% (mle 226); Ie-dz, 22.5% (mle 225); Ie-d', 9.0% 
(mle 224); and Ie, 3.7% (mle 223). 


2-Amino-3-methylbenzyl Alcohol (1Ib)-A solution of 2-amino- 
3-methylbenzoic acid7 (151 mg, 1 mmole) in tetrahydrofuran (10 ml, 
freshly distilled from lithium aluminum hydride) was added dropwise 
to a magnetically stirred slurry of lithium aluminum hydride (60 mg, 1.7 
mmoles) in tetrahydrofuran (10 ml) over 20 min. The reaction was stirred 
1 additional hr a t  room temperature. To the slurry, water (0.06 ml), 15% 
NaOH (0.06 ml), and water (0.18 ml) were added in succession. After 
stirring for 15 min, the granular white precipitate was removed by suction 
filtration. Rotary evaporation of the filtrate yielded 120 mg (89%) of 
off-white crystalline solid, which was recrystallized from chloroform- 
hexane (32) to give white prisms, mp 69-70' [lit. (23) mp 71'1; IR (KBr): 
3450 (OH) and 3300 (NHz) cm-l; NMR 6 2.05 (s, aryl methyls), 3.58 
(broad s, NH2 and OH), 4.41 (9, benzyl CH2), and 6.80 (A& m, aromatics) 
PPm. 


Chemical-ionization mass spectrometry showed that the MH+ ion at 
mle 138 and its 13C-satellite represented 46.6% while (MH+ - 18) at  rnle 
120 was 53.4% of the total ion current. 
2-Amin0-3-rnethyl-a-~H-benzyl Alcohol (IIb-dz)-Compound 


IIb-d:! was synthesized in 92% yield, using the same procedure outlined 
for the nondeuterated analog with lithium aluminum deuteride, mp 
69-70'; NMR (6) showed the same peaks as the nondeuterated compound 
except for the loss of resonance at  4.41 ppm for the methylene hydrogens 
of the benzyl carbon. 


Chemical-ionization mass spectrometry showed the following isotopic 
abundances: IIb-dz, 91.8% (mle 140); IIb-dl, 8.2% (mle 139); and IIb, 0% 
(mle 138). 
(2H-2-Methyl)-2,6-dimethylaniline (IIa-dz)-A solution of IIb-dz 


(1.37 g, 10 mmoles) in 95% ethanol (50 ml) containing concentrated hy- 
drochloric acid (1 ml) was hydrogenated (30 psi hydrogen) over 10% 
palladium-on-carbon (150 mg) for 4 hr on a Paar hydrogenator at room 
temperature. The catalyst was removed by suction filtration, and the 
filtrate was rotary evaporated to yield a semisolid residue. This residue 
was taken up in water (20 ml) and made basic with 10% NazC03, and the 
free amine was extracted into ether. The extract was washed with water 
and dried over calcium sulfate. The solvent was removed, and the product 
was vacuum distilled to give 950 mg (79%) of a clear liquid (bp 3741OlO.3 
mm Hg); NMR 6 2.07 (5, aryl methyls), 3.42 (broad s, NHz), and 6.8 (A& 
complex m, aromatics) ppm; integration ratio 4:2:3, respectively. 


Chemical-ionization mass spectrometry showed the following isotopic 
abundances: Ha-dz, 77.2% (mle 124); and IIa-dl, 22.8% (mle 122). 
o-Diethylamino-2-hydroxymethyl-6-methylacetanilide (If)-To 


an ice bath-cooled, magnetically stirred solution of IIb (2.6 g, 20 mmoles) 
in tetrahydrofuran (30 ml) and benzene (20 ml) was added dropwise a 
solution of chloroacetic anhydride (3.4 g, 20 mmoles) in tetrahydrofuran 
(30 ml). After 30 min, a white crystalline precipitate formed and con- 
tinued to form over the entire addition period. The slurry was warmed 
to room temperature and stirred an additional 2 hr. After cooling again 
in ice, the slurry was suction filtered, and the filter pad was washed with 
three portions of water (30 ml). After air drying, the white crystals were 
recrystallized from chloroform (40 ml) to yield 3.7 g (94%) of w-chlo- 
ro-2-hydroxymethyl-6-methylacetanilide, mp 130-132'; IR (KBr): 3400 
(OH), 3300 (amide NH), and 1665 (amide C=O) cm-'; NMR b 2.17 (9, 
aryl methyl), 2.77 (broads, OH), 4.20 (s, O=CCH2Cl), 4.58 (s, CHzOH), 
7.20 (9, aromatics), and 8.38 (broad s, HNC=O) ppm. 


Anal.-Calc. for CloH12ClN02: C, 56.20; H, 5.66; N, 6.56. Found C, 
56.15; H, 5.61; N, 6.52. 


A solution of w-chloro-2-hydroxymethyl-6-methylacetanilide (641 mg, 
3 mmoles) and 0.78 ml of diethylamine (550 mg, 7.5 mmoles) in dry di- 
oxane (20 ml) was heated at 70-75O for 3 hr, during which a white pre- 
cipitate of diethylamine hydrochloride formed. The mixture was cooled 
to 15', suction filtered to remove the amine salt, and rotary evaporated 
to yield a pale-yellow liquid. The liquid was recrystallized from 30 ml of 
benzene-petroleum ether (80:20) to give cubic .white crystals, mp 113- 
115'; IR (KBr): 3400 (OH), 3300 (amide NH), and 1660 (amide C=O) 
cm-'; NMR 6 1.17 [t, J = 7 Hz, N(CH:!CH&], 2.15 (s, aryl methyl), 2.85 
[ q , J  = 7 Hz, N(CHzCH&],3.38 (s, C=CCH2N),3.71 (broads, OH),4.57 
(s, CH20H), 7.21 (9, aromatics), and 8.60 (broad s, HNC=O) ppm. 


Chemical-ionization mass spectrometry showed that the MH+ ion a t  


m/e 251 and its 13C-satellite represented 64.0%, (MH+ - 18) a t  mle 233 
represented 11.594, mle 132 was 13.0%, and from m/e 100 to 300 was 11.5% 
of the total ion current. 


Anal.-Calc. for ClrHzzNz02: C, 67.17; H, 8.86; N, 11.19. Found C, 
67.41; H, 8.90; N, 11.41. 
w-Ethylamino-(a-ZH-2-hydroxymethyl)-6-methylacetanilide 


(Ig-dz)-Compound Ig-dz was synthesized in 79% yield, using the same 
procedure as described for the diethylamino derivative with a threefold 
excess of ethylamine and IIb-dz, mp 81-83' from chloroform; IR (KBr): 
3400 (OH and NH), 3300 (amide NH), and 1660 (amide C=O) cm-'; 
NMR 6 1.13 (t, J = 7 Hz, NCHZCH~), 2.21 (9, aryl methyl), 2.68 (9, 
NCHzCHd, 3.38 (s, M C H z N ) ,  3.68 (broad s, OH), 7.20 (s, aromatics), 
and 8.60 (broad s, H N C 4 )  ppm; high-resolution electron-impact mam 
spectrometry: calc. for C ~ Z H ~ ~ ~ H : ! N ~ O ~ ,  224.1494; found, 224.1492. 


Chemical-ionization mass spectrometry showed that the MH+ ion at 
mle 225 and its 13C-satellite represented 52.8%, (MH+ - 18) at  rnle 207 
was 38.1%, rnle 122 was 5.2%, and m/e 104 was 3.9% of the total ion cur- 
rent. 
2,6-Dimethylphenylhydroxylamine (1Ic)-To a vigorously stirred 


solution of 2,6-dimethylnitrobenzene7 (15.1 g, 0.1 mole) in absolute 
ethanol (30 ml) was added in one portion a solution of ammonium chlo- 
ride (1 g) in water (15 ml) followed by small portions of zinc dust (94%, 
15.0 g). The temperature of the reaction mixture was maintained between 
65 and 70' by the portionwise addition of zinc dust until all had been 
added. The grayish-white slurry was then allowed to cool slowly to 55' 
with continued vigorous stirring. The warm mixture was suction filtered, 
and the filter pad was washed with anhydrous ether (30 ml). Rotary 
evaporation of the filtrate gave a pale-yellow precipitate, which was re- 
crystallized twice from purified petroleum ether-benzene (1:l) to yield 
12.2 g (88%) of white needles, mp 103-104' [lit. (24) mp 99'1; IR (KBr): 
3300 (NH stretch), 3200 (OH), and 860 (NO stretch) cm-I; NMR: 6 2.35 
(s, aryl methyls), 6.50 (broad s, NH and OH), and 7.05 (9, aromatics) 
PPm. 


Chemical-ionization mass spectrometry showed that the MH+ ion at 
mle 138 and its 13C-satellite represented 23.0%, (MH+ - 16) a t  mle 122 
was 56.0%, rnle 243 was 18.0%, and m/e 259 was 3% of the total ion cur- 
rent. The ions at rnle 243 and 259 probably resulted from reaction to yield 
dimerized products in the gas phase. 


Anal.-Calc. for CgH11NO C, 70.04; H, 8.0% N, 10.21. Found C, 69.95; 
H, 8.11; N, 10.04. 
o-Chloro-N-hydroxy-2,6-dimethylacetanilide-T0 a magnetically 


stirred two-phase mixture of IIc (4.12 g, 0.03 mole) in ether (100 ml) and 
sodium bicarbonate (2.80 g, 0.034 mole) in water (12 ml), cooled to -5' 
in an ice-salt bath, was added dropwise chloroacetyl chloride7 (3.39 g, 
0.03 mole) in ether (20 ml) over 30 min. The reaction was stirred an ad- 
ditional 20 min at -5' and then poured into a separator and washed with 
two portions of water (50 ml). The pale-yellow ether layer was filtered 
through anhydrous magnesium sulfate and evaporated to a volume of 
50 ml, and the product was crystallized in the cold to yield 3.52 g (63%) 
of white rhombic crystals, mp 138.5-140'; IR (KBr): 3200 (OH) and 1650 
(CO) cm-'; NMR 6 2.1 and 2.32 (s, aryl methyls), 3.76 and 4.41 (s, 
O=CCH2Cl), 7.05 and 7.25 (m, aromatics), and 1.15 (broads, deuterium 
oxide exchangeable OH) ppm. Integration indicated two isomers existing 
in a 1:2 ratio, presumably imino-enol to N-hydroxyamide. 


And-Calc. for CloH1:!ClNO:!: C, 56.21; H, 5.66; N, 6.56. Found: C, 
56.33; H, 5.60; N, 6.51. 
w-Diethylamino-N-hydroxy-2,6-dimethylacetanilide (1h)-A 


solution of w-chloro-N-hydroxy-2,6-dimethylacetanilide (2.13 g, 0.01 
mole) and diethylamine (2.8 ml = 2.2 g, 0.03 mole) in benzene (30 ml) was 
magnetically stirred for 4 hr at 65-70'. The orange-colored solution was 
cooled in ice, suction filtered to remove precipitated diethylamine hy- 
drochloride, and then extracted with three portions of 10% HCl(5 ml). 
The acid extracts were combined and carefully adjusted to pH 8.5 with 
5 N NaOH. The opaque mixture was back-extracted with three portions 
(20 ml) of purified chloroform, which were combined and washed with 
water (10 ml) and dried over anhydrous sodium sulfate. 


Rotary evaporation of the solvent at room temperature yielded a 
pale-yellow liquid, which was recrystallized three times from purified 
hexane to yield 1.6 g (64%) of small white needles, mp 81-82'; IR (CClJ: 
3250 (OH) and 1650 (CO) cm-'; NMR: 6 0.85 and 1.15 It, J = 7 Hz, 
N(CH2CH&], 2.30 and 2.35 (9, aryl methyls), 2.50-3.00 [overlapped q, 
J = 7 Hz, N(CH:!CH&], 3.55 and 4.60 (9, OCCHzN), and 7.10-7.20 (m, 
aromatics plus OH exchangeable with deuterium oxide) ppm. Integration 
indicated two isomers in a ratio of 1:l; high-resolution electron-impact 
mass spectrometry: calc. for C14HzzNzO2,250.16812; found, 250.16873. 


Chemical-ionization mass spectrometry showed that the MH+ ion at 
mle 251 and its 13C-satellite represented 65.1%, (MH+ - 16) a t  mle 235 
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Figure $-Standard curve of lidocaine and six of its metabolites plus 
their deuterated standards extracted from urine. The bars (I) represent 
the range of peak height ratios observed in chemical-ionization mass 
spectral analysis for various amounts of lidocaine and the six metabo- 
lites added to 10-ml blank urine samples containing the following 
amounts of deuterated standards: 100 pg of lidocaine-d4,150 pg of Ib-d3, 
100 pg of Ic-d2,50 pg of Zd-d4, 50 pg of Ie-ds, 50 pg of Ila-d2, and 200 
pg of Ild-dz. The variances observed for all compounds and their deu- 
terated analogs were from I to 5%, except for samples of Ic versus Ic-dz 
where variances as much as fIO% were found due to interfering ions 
observed in the chemical-ionization mass spectra of control urine at  mle 
179,180, and 181, 


was 1996, mle 233 was 11.7%, and mle 103 from mle 100 to 300 was 3.3% 
of the total ion current. 


Anal.-Calc. for C14Hz2N202: C, 67.17; H, 8.86; N, 11.19. Found: C, 
67.40; H, 8.70; N, 11.30. 


The hydrochloride was made by adding the calculated amount of 
concentrated hydrochloric acid to a solution of Ih in 2-propanol and 
cooling the solution in a freezer to give small white crystals, mp 182-184"; 
IR (KBr): 3450 (OH), 2700 (N+H), and 1665 (C=O) cm-1; NMR: 6 (ac- 
etone-d6, tetramethylsilane) 1.45 [t, J = 7 Hz, N(CH&H3)2], 2.30 (s, aryl 
methyls), 3.55 [q, J = 7 Hz, N(CH&H3)2], 4.09 (broad s, N+H and OH), 
4.72 (s, O=CCH2N), and 7.23 (s, aromatics) ppm. 
w-(a,a-2H-Diethylamino)-~-hydroxy-2,6-dimethylacetani~ide 


(Ib-d4)-Compound Ih-dd was synthesized by the same procedure as 
the nondeuterated compound, using diethylamine-dr, mp (hydrochloride) 


Chemical-ionization mass spectrometry showed the following isotopic 
abundances: Ih-dr, 72.0% (mle 255); Ih-d3, 20.6% (mle 254); Ih-d2,5.9% 
(mle 253); Ih-dl, 1.5% (mle 252); and Ih, 0% (mle 251). 
w-Ethylamino-N-hydroxy-2,6-dimethylacetanilide (1i)-A so- 


lution of w-chloro-N-hydroxy-2,6-dimethylacetanilide (2.13 g, 0.01 mole) 
and anhydrous ethylamine (1.95 ml = 1.35 g, 0.03 mole) in purified di- 
oxane (30 ml) was stirred for 4.5 hr at 50-55'. As the reaction proceeded, 
a large amount of fine white precipitate formed. The slurry was cooled 
in ice and suction filtered to give a mixture of product and ethylamine 
hydrochloride (2.3 g, mp 70-102'). The precipitate was taken up in 
chloroform-petroleum ether (2:l) and suction filtered to remove the 
ethylamine hydrochloride. The filtrate was then evaporated, and the 
residue was recrystallized twice from benzene to yield 1.4 g (63%), mp 
103-105"; IR (CC14): 3250 (OH) and 1650 (C=O) cm-l; NMR 6 1.05 and 
1.17 (t, J = 7 Hz, NCH2CH3), 2.15 and 2.20 (s, aryl methyls), 2.57 and 2.64 
( q , J =  7 Hz,NCH2CH3),3.00and 3.85 (s,O=CCH2N),5.95(s,OHand 
NH exchangeable with deuterium oxide), and 7.10 and 7.20 (s, aromatics) 
ppm. Integration indicated two isomers in an approximate ratio of 1:2, 
with the presumed N-hydroxy form predominant; high-resolution elec- 
tron-impact mass spectrometry: calc. for C I ~ H ~ ~ N Z O Z ,  222.13726; found, 
222.13682. 


Chemical-ionization mass spectrometry showed that the MH+ ion at  


182-184'. 
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mle 233 and its l3C-satellite represented 70.4%, (MH+ - 16) at  m/e 207 
was 20.8%, and (MH+ - HzO) a t  mle 205 from m/e 100 to 300 was 8.8% 
of the total ion current. 


Anal.-Calc. for C1zHlaNz02: C, 64.84; H, 8.16; N, 12.60. Found: C, 
64.75; H, 8.41; N, 12.62. 


The hydrochloride was made by adding the calculated amount of 
concentrated hydrochloric acid to a solution of Ii in 2-propanol and 
cooling the solution in a freezer to give small white crystals, mp 186-188'; 
IR (KBr): 3450 (OH), 2700-2900 (N+H), and 1665 (C=O) cm-l; NMR 
6 (acetone-d6, tetramethylsilane) 1.40 (t, J = 7 Hz, NCHZCH,), 2.35 (s, 
aryl methyls), 3.35 (q, J = 7 Hz, NCHZCH~), 4.25 (broads, N+H and OH), 
4.50 (s, O=CCHzN), and 7.20 (s, aromatics) ppm. 
o-(~-2H-Ethylamino)-N-hydroxy-2,6-dimethylacetanilide (Ii- 


&)-Compound Ii-d3 was synthesized by the same procedure as the 
nondeuterated compound using ethylamine-dj, mp (hydrochloride) 


Chemical-ionization mass spectrometry showed the following isotopic 
abundances: Ii-d3, 66.7% (mle 226); Ii-dz, 19.3% (mfe 225); Ii-d1,10.7% 
(mle 224); and Ii, 3.3% (mle 223). 
NL-Ethyl-2-methyl-Nj-(2,6-dimethylphenyl)-4-imidazolidinone 


(111)-Compound 111 was synthesized as previously described (25). 
Lidocaine N-Oxide (1j)-To an ice bath-cooled, magnetically stirred 


solution of lidocaine (2.34 g, 0.01 mole) in dichloromethane (20 ml) was 
added a cold solution of m-chloroperoxybenzoic acid7 (85%, 2.23 g, 0.011 
mole) in dichloromethane (30 ml). After a dropwise addition over 30 min, 
the reaction mixture was allowed to come to room temperature and was 
stirred overnight. The reaction mixture was then poured through a basic 
alumina column (150 9). Unreacted lidocaine was eluted with chloroform 
(100 ml), followed by 200 ml of chloroform-methanol ( 9 5 9 ,  which 
yielded a pale-yellow liquid after rotary evaporation of the solvent. Re- 
crystallization from ether-dichloromethane (7030) in the cold gave 1.8 
g (72%) of a white hygroscopic crystalline solid, mp 105-107°; IR (KBr): 
3100-3400 (OH of hydrate and amide NH) and 1690 (amide C=O) cm-l; 
NMR 6 1.37 [t, J = 7 Hz, N(CHzCH&], 2.25 (s, aryl methyls), 2.92 (broad 
s, HNC=O and HzO), 3.45 [q, J = 7 Hz, N(CHZCH~)Z], 3.90 (s, 
O=CCHzN), and 7.06 (5, aromatics) ppm. 


Chemical-ionization mass spectrometry showed that the MH+ ion at  
mle 251 and its 13C-satellite represented 3.2%, (MH+ - 16) at  mle 235 
was 11.496, (MH+ - HzO) at mle 233 was 1696, mle 223 was 19.4%, mle 
221 was 4.7%, mle 207 was 8.4%, mfe 205 was 17.9%, and mle 178 from 
mle 100 to 300 was 11.9% of the total ion current. 


Anal.-Calc. for Cl4HzzNzOz.HzO C, 62.66; H, 9.01; N, 10.44. Found 
C, 62.37; H, 8.81; N, 10.43. 
4-Hydroxy-2,6-dimethylaniline (1Id)-Compound IId was syn- 


thesized according to known procedures (26), mp 179-181'. 
4-Hydro~y-(~H-2-methy1)-2,6-dimethylaniline (IId-dz)-Com- 


pound IId-dz was synthesized by the method outlined by Wepster (27). 
The method involved formation of the p-toluenesulfonamide of IIa-d2, 
followed by nitration and reduction to yield the p-amino-p-toluenesul- 
fonamide. This material was diazotized, treated with water to yield the 
phenol, and finally hydrolyzed to yield crude IId-dz. The crude material 
was sublimed (80-90°, 3 mm Hg) to give 60% very pure white powder 
crystals, mp 179-181', and 40% slightly impure light-purple crystals, mp 
175-180'; NMR 6 2.06 (s, aryl methyls), 4.22 (broads, NHz), 6.47 (s, OH), 
and 6.59 (s, aromatics) ppm; integration ratio 42:1:2, respectively; 
high-resolution electron-impact mass spectrometry: calc. for CsHs2HzN0, 
139.0966; found, 139.0932. 


Chemical-ionization mass spectrometry showed that MH+ ions rep- 
resented 100% of the total ion current with the following isotopic abun- 
dances: IId-dz, 60.2% (mle 140); IId-dl, 22.4% (mle 139); and Ild, 17.4% 
(m/e 138). 


N,N-Diethylglycine (1Va)-Compound IVa was prepared by the 
method of Bowman and Stroud (28), using reductive alkylation of glycine 
with excess acetaldehyde and hydrogen, mp 133-135'. 
N,N-a,a,d,a'-2H-Diethylglycine (IVa-d&A mixture of glycine 


(3.8 g, 0.05 mole) and freshly distilled acetaldehyde (9.0 g, 0.2 mole) in 
70% ethanol-dl-deuterium oxide was hydrogenated (20 psi, deuterium) 
over 1.5 g of 10% palladium-on-carbon for 14 hr at room temperature. The 
catalyst was removed by suction filtration, and the filtrate was rotary 
evaporated to yield a viscous pale-yellow liquid, which was recrystallized 
as the hydrochloride from 75 ml of methanol-acetone (1:4) to give 5.7 g 
(67%) of a white crystalline solid, mp 124-126" [lit. (29) mp 126-127'1. 


Chemical-ionization mass spectrometry showed that deuterium 
scrambling had occurred during the reductive alkylation, with incorpo- 
ration ranging from zero to eight deuteriums into the N-alkyl side chains. 
The resultant deuterium envelope showed the greatest deuterium in- 
corporation for IVa-d3, 21.0% (mle 135). Parent MH(D)+, ions repre- 


185-187'. 







Table I-Serial Plasma Levels of Lidocaine. Ib, and 111 


Lidocaine Ib I11 
m/e 235* mle 207 mle 233 


Minutes' Subject mle 239 pglml mle 210 pglml m/e 235 r d m l  


30 A 84.2129.6 2.03 22.3190.0. 0.13 0.049 0.10 
B 93.5183.3 0.81 10.2138.7 0.13 0.043 0.03 
C 18.1/90.6e 0.002 Not measurable Not measurable 


60 A 90.6144.0 1.47 45.2141.0 0.55 0.075 0.11 
B 60.3164.8 0.67 17.4134.5 0.25 0.079 0.05 
C 5.3164.2 0.05 5.8150.3 0.06 0.093 0.04 


90 A 60.5134.9 1.22 11.9126.6 0.23 0.048 0.06 
B 50.7177.8 0.47 21.6134.5 0.21 0.054 0.02 
C 40.7168.8 0.42 7.3157.7 0.06 0.076 0.04 


180 A 49.0137.0 0.95 8.7/19.7 0.22 0.066 0.06 
B 38.711 2 1 0.23 10.1126.6 0.16 0.063 0.01 
C 58.71102 0.41 7.9160.8 0.06 0.112 0.04 


Refers to the time the blood sample was taken after subject received en oral dose of lidocaine h drochloride monohydrate (A and B) or lidocaine as the free base (C). 
The peak heights as measured from the chemical-ionization mass spectrum after correcting for 'habundances and deuterium incorporation. Based on 13C-satellite 


peak of lidocaine-dd internal standard. 


sented 70.1% and (MH+ - CzHz02) ions were 22.4% of the total ion cur- 
rent. 


N-Ethylglycine (1Vb)-Compound IVb was prepared by the method 
of Hanke (30), which involves hydrolysis of N-ethylaminoacetonitrile 
generated from the condensation of ethylamine, formaldehyde, and po- 
tassium cyanide. 


@-%-N-Ethylglycine (IVb-d+-Compound IVb-d3 was synthesized 
by the method of Hanke (30), using ethylamine-da hydrochloride, mp 
180-182' dec. 


Chemical-ionization mass spectrometry showed the following isotopic 
abundances: IVb-d3,57.9% (mle 107); IVb-dz, 20.8% (mle 106); IVb-dl, 
13.2% (mle 105); and IVb, 8.1% (mle 104). 
Mass Spectral Studies-Chemical-ionization mass spectrometry was 


performed on all suspected lidocaine metabolites and their deuterated 
analogs. All of the benzyl alcohols (If, Ig, and IIb) produced major (MH+ 
- 18) ions as a result of a loss of water from the MH+ ion. Because of this 
characteristic water loss, any benzyl alcohol metabolites should be easily 
differentiated from the isomeric phenolic metabolites (Id, Ie, and IId). 
Figure 1 shows comparative chemical-ionization mass spectra of If and 
Id. 


Unfortunately, the N-hydroxyamides (Ih and Ii), IIc, and I j  lost 
oxygen under all temperature and chemical-ionization mass spectrometry 
conditions employed to give (MH+ - 16) ions, which interfered with 
quantification of lidocaine, Ib, and 2,6-dimethylaniline. Therefore, these 
possible oxygenated metabolites were quantified by a combination of the 
chemical-ionization mass spectrometry-stable isotope technique and 
other methods as previously described (31). This facile loss of oxygen is 
probably the result of a thermal homolytic cleavage of the weak nitro- 
gen-oxygen bond and was observed previously (32,33). 


Preliminary Experiment-To determine the spectrum of lidocaine 
metabolites detectable by chemical-ionization mass spectrometry in 
plasma and urine samples, a healthy 75-kg male subject received orally 
an encapsulated dose of 202 mg of lidocaine free base. Prior to the dose, 
a 24-hr urine control sample was collected and stored in a freezer. Im- 
mediately prior to dosing, a 15-ml "zero-time'' blood sample was collected 
in a heparinized tube, and the plasma was separated by spinning the 
sample at 8OOXg for 15 min. Similar samples were collected at 30,60,90, 
and 180 min after dosing and stored in a freezer a t  -15' until further 
workup. Serial urine samples were collected at the following intervals; 
0-2,2-4,4-8, and 8-24 hr, and stored in glass bottles in a freezer. 


Plasma and urine samples were extracted at pH 8.5 with two volumes 
of dichloromethane. The residue, after evaporation of the solvent, was 
subjected to chemical-ionization mass spectrometry. Compared to the 
zero-time plasma sample, only MH+ ions corresponding to lidocaine, Ib, 
and poesibly Ic could be seen in the plasma extracts. In the urine extracts, 
MH+ ions corresponding to IIa, IId, Ic, Ib, hydroxylated Ib, Ia, and hy- 
droxylated Ia could readily be detected. No major peaks corresponding 
to the (MH+ - 18) loss of water from possible benzyl alcohol metabolites 
could be found, even though these compounds were readily extractable 
from urine and plasma. 


Isolation and Assay Procedures-Collection bottles for urine and 
Pyrex culture tubes for plasma were thoroughly washed with steaming 
water and detergent, rinsed three times with hot water, and finally rinsed 
five times with distilled water. A stock solution (200 ml) containing 1.60 
mg of Id& 8.00 mg of Ia-do, 1.60 mg of Ie-d3, 20.00 mg of Ib-d3, 4.00 mg 
of Ic-dz, and 2.06 mg of IIa-d2 was made the morning of the in uiuo ex- 


periment. All weighings were performed on an electrobalance8. All sol- 
vents used for extractions were purified (23) and distilled prior to use. 
Conjugates were hydrolyzed enzymaticallyg. 


Two healthy male volunteers (A = 80 kg, B = 70 kg) received a 250-mg 
oral dose of encapdated lidocaine hydrochloride monohydrate'O; a third 
subject (C = 75 kg) received a molar equivalent (202 mg) of lidocaine free 
basell. All doses were given in the morning with no restriction on diet or 
smoking. Prior to the experiment, 24-hr urine controls were collected from 
each subject and stored in a freezer (-15'). Immediately prior to dosing, 
a 15-ml zero-time blood sample was drawn into a heparinized tube. 
Successive 15-ml blood samples were taken 30,60,90, and 180 min fol- 
lowing drug administration; the plasma was immediately separated by 
centrifugation at 8OOXg for 15 min. To 2-ml samples of each plasma 
fraction were added 2 ml of 1.01 pg of Ia-dJml, 1 ml of 1.00 pg of Ib-ddml, 
and 0.5 ml of 1.00 pg of Ic-dzlml. Samples were then stored frozen until 
further workup. 


Serial urine samples were collected 0-2,2-4,4-8, and 8-24 hr following 
drug administration. One-third of each sample was transferred at the 
collection time to a glass bottle containing 10 ml of the stock solution of 
deuterated standards. To two-tenths of this sample containing the 
deuterated standards (times one-third) was added 1.0 mg of IId-dz, and 
the samples were stored in a freezer (-15') until further workup. To 
one-twentieth of the 0-24-hr urine aliquots from each subject were added 
1.0 mg each of the deuterated amino acids, IVa-d? and IVb-d3. 


Plasma-All plasma samples were extracted the day following col- 
lection. To the 5.5 ml of sample containing 2 ml of plasma and 3.5 ml of 
deuterated standards solution was added 0.5 ml of 5 N NaOH, and the 
basified mixture was extracted with 10 ml of benzene in 30-ml Pyrex 
culture tubes fitted with polytef caps. The sample was then centrifuged 
at 8OOXg for 5 min, and the benzene layer was removed and rotary 
evaporated at 20'. The residue was dissolved in 0.05 ml of ethanol and 
placed on the ceramic tip of the direct insertion probe. The probe was 
inserted into the mass spectrometer, and the chemical-ionization mass 
spectrum was determined at 120O. 


Urine-Urine samples, including urine controls, were extracted within 
2 days following collection. One-half of each urine sample, containing all 
deuterated standards (i.e., % X 30 X )5 = &of each serial urine sample), 
was basified to pH 8.5 f 0.2 with 5 N NaOH and extracted with two 
volumes of purified dichloromethane. The extract was filtered through 
anhydrous sodium sulfate and rotary evaporated at 20'. The residue was 
transferred to a 1-dram vial with 1 ml of purified dichloromethane. The 
solvent was evaporated under a gentle stream of nitrogen, and samples 
were stored in a desiccator in a freezer until chemical-ionization mass 
spectrometry was performed. 


The other half of each urine sample was diluted with an equal volume 
of pH 5.0 Walpole acetate buffer and hydrolyzed for 24 hr on a shaker- 
incubator set a t  37.0' and 100 oscillations/min. p-Glucuronidase-sulfa- 
tase was added in two 0.5-ml portions, once at the beginning of the in- 
cubation and again 12 hr after the incubation was started. Extraction of 
each 8-glucuronidase-treated sample was carried out in the same manner 
as for untreated urine. All of these samples, however, required a primary 


8 Model M-10, Cahn electrobalance. 
9 Sigma Type I1 P-glucuronidase-sulfatase from Helix pomatia. 
10 Xylocaine, Astra Pharmaceutical Products, Worcester, Mass. 
11 Prepared in this laboratory. 
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Table 11-Quantification of Lidocaine and Its Metabolites in Human Urine 


Percentage of Administered Dose Recovered in 0-24-hr Urinea 


Subject A Subject B Subject C 
Before Afterb Before Afterb Before After 


Enzyme, Enzyme, Enzyme, Enzyme, Enzyme, Enzyme, 
Compound % % % % % % 


Lidocaine 
Ib 
Ic 
m - andlor p - 


1.78 1.51 3.33 2.90 0.74 0.74 
8.36 1.74 1.73 4.17 


0.23 
0.06 0.80 0.10 0.43 0.06 0.97 


C C 1.08 -c 
4.02 8.80 - 1.32 - 


Hydroxylidocaine 
rn - andlor D - 0 0.62 0.20 0.80 0.03 0.25 


- c - C 1.22 -c 0.27 IIa 1.41 
IId 1.37 68.2 0.70 61.7 0. 60.5 
Total 9.02 75.2 14.7 74.2 4.87 64.2 


Hydroxi Ib 


a Quantified as molar concentrations of free bases in Subjects A and B after an oral dose of 250 mg of lidocaine hydrochloride monohydrate and in Subject C after an 
oral dose of lidocaine free base. * After treatment with P-glucuronidase-sulfatase for 24 hr, some of the metabolite levels decreased inexplicably. The @-glucuronidase- 
sulfatase treatment somehow affected both the metabolite and internal standard so that they were inextractable. 


suction filtration through glass wool to break difficult emulsions before 
filtration through anhydrous sodium sulfate. All residues of the hydro- 
lyzed urine were dark, foul smelling, and tarry. 


Chemical-ionization mass spectrometric analysis was accomplished 
by dissolving each residue in 0.05 ml of methanolic hydrogen chloride, 
evaporating the sample on the probe tip with a gentle stream of nitrogen, 
and temperature programming each sample from 90 to 220'; spectra were 
taken approximately every 20°. Temperature programming was necessary 
todeterminethemore volatile IIa (90-1 10') and IId (120-150') and also 
to rid the spectrum of some interfering peaks near m/e 180 so that Ic 
could be determined above 170O. The methanolic hydrogen chloride 
treatment served two purposes. It converted the metabolites to their less 
volatile amine hydrochlorides and, combined with temperature pro- 
gramming, it destroyed any N-hydroxyamides that might have been 
present by causing Bamberger-type reactions (34) so that these com- 
pounds would not interfere with quantification of lidocaine and Ib. 


Calculations-Peak heights were measured using a caliper. A stan- 
dard procedure (35) was followed in subtracting isotope contributions 
from the preceding two peaks. The contributions of nondeuterated or 
unreacted ionic species present in the reference solution (internal stan- 
dard) were then subtracted. A comparison of the corrected peak heights 
of labeled and unlabeled compound was made, and the concentration of 
drug or metabolite initially present in the plasma or urine sample was 
determined. 


Standardization Experiments-Plasma-Previous work showed 
that extraction and mass spectral response to a compound and a deu- 
terated analog of that compound are equivalent (36, 37). To test this 
finding under the chemical-ionization mass spectrometry conditions used, 
Ia and Ia-d4 (1 pg/ml), Ib and Ib-d3 (0.5 pglml), and Ic and Ic-dz (0.25 
Ng/ml) were added to 2-ml blank plasma samples and extracted according 
to the procedures outlined previously. Chemical-ionization mass spec- 
trometric analysis was performed on duplicate samples and the corrected 
peak height ratios of nondeuterated versus deuterated standards showed 
good agreement between known and calculated concentrations, the 
largest variance being 2.2% for Ia versus la-&. 


Urine-To 10 10-ml blank urine samples in 50-ml Pyrex culture tubes 
was added 1.0 mg of IId-dz plus 1 ml of the deuterated standards stock 
solution. To these samples was added 1 ml of stock solutions containing 
the same nondeuterated compounds to obtain five sets of duplicate 
samples with concentrations of nondeuterated-deuterated analogs 
ranging from 1:5 to 51. The 12 ml of solution was basified to pH 8.5 with 
5 N NaOH and extracted with 20 ml of purified dichloromethane. 
Chemical-ionization mass spectrometric analysis with temperature 
programming was performed as described previously. Calculations 
showed that the response was linear over the range analyzed and that the 
lidocaine-derived compounds and their deuterated analogs behaved 
identically (Fig. 2). 


Quantification of Amino Acid Metabolites-All radioactive de- 
terminations (MSE = 1.5%) were made using scintillation counting12. 
The samples were dissolved in 10 ml of scintillation fluid13 and corrected 
for quenching using internal standardization with either 3H-toluene 
standard13 or I4C-toluene standard13. GLC was performed14 using 


~~ ~~ 


12 Tri-Carb model 3375 scintillation counter. 
13 Aquasol. New England Nuclear, Boston, Mass. 
14 Model 11W, Varian Aerograph. 


flame-ionization detectors with a nitrogen carrier gas flow rate a t  40 
mllmin. Separation was obtained at  55' on 3% OV-17 on 100-120-mesh 
Chromosorb W in a 1.67-m X 0.63-cm (5.5-ft X 0.25-in.) X 2-mm i.d. glass 
U column equipped with a 101  effluent splitter. 


Urease15 was used to hydrolyze urea. TLC separation was accomplished 
on 20 X 20-cm plates16 with silica gel or cellulose adsorbent. 


Using Radioactiuity Measurements-Two human subjects received 
an oral dose of 500 mg of randomly tritiated lidocaine hydrochloride 
monohydrate (13). An aliquot of the urine (0-72 hr) was treated with 
urease and, after filtration, was lyophilized. The lyophilate was extracted 
(soxhlet) with successive portions of dichloromethane, 2-propanol, and 
methanol to constant activity. The 2-propanol extract, accounting for 
7096 of the activity in the lyophilate, was evaporated under reduced 
pressure, taken up in 10 ml of water, and placed on a 250-m1(20 X 4-cm) 
cation-exchange column17, which was then washed with 1.5 liters of water, 
2 liters of 8 N acetic acid, and 4 liters of water. Very small amounts of 
activity were eluted in these fractions. Finally, a linear gradient from 
water to 2 N HCl was run (2 liters total volume), and 10-ml fractions were 
collected. 


Eighty percent of the activity applied to the column was found between 
fractions 105 and 130. The fractions were combined and lyophilized re- 
peatedly to remove excess hydrochloric acid, and the white residue was 
washed repeatedly with 2-propanol. Combined extracts were evaporated 
to a small volume and streaked on two 20 X 20-cm silica gel plates's. The 
plates were developed twice in butanol-acetic acid-water (4:l:l). Ra- 
diochromatogram scanning showed only one radioactive band, R, 0.3, 
which was scraped from the plates and eluted with ethanol. Evaporation 
of ethanol yielded a residue, which was treated with diazomethane in 
ether and gas chromatographed. One peak was found (retention time of 
6.2 min), collected, and determined to be radioactive by scintillation 
counting. 


Electron-impact mass spectrometry of the trifluoroacetic acid salt of 
the methylated amino acid showed peaks at mle 145, 86, 69, and 58. 
N,N-Diethylglycine, prepared by the method of Bowman and Stroud (28) 
and methylated with thionyl chloride in methanol, showed identical GLC 
and mass spectral characteristics. Isotopic dilution of samples of the 
isolated amino acid in the synthetic amino acid, with continuous re- 
crystallization to constant specific activity, confirmed the identification 
of the metabolite. 


Aliquots (100 ml) of urine from two subjects receiving 500 mg of ran- 
domly tritiated lidocaine hydrochloride monohydrate (13) were incubated 
with urease and filtered, and 50 ml of the filtrate was lyophilized with 
362 mg of nonradioactive synthetic N,N-diethylglycine. The material 
was lyophilized twice to ensure removal of any exchangeable tritium. The 
lyophilate was triturated with three 50-ml portions of boiling benzene 
and filtered, and the benzene was evaporated carefully under nitrogen 
at  room temperature. The residue was recrystallized repeatedly from 
boiling benzene to constant specific activity. 


Using Chemical-Ionization Mass Spectrometry-Stable Isotope 
Dilution Technique-The one-twentieth aliquots of urine from each 
subject, containing 1.0 mg each of the deuterated amino acids, were 


15 Sigma Type M. 
16 Eastman Chemical. 
l7 Dowex AG-50 WX4, hydrogen form. 
lS Analtech, silica Eel HR, 2504. 
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Figure 3-Comparative chemical-ionization mass spectra of the methylene chloride extracts from basified (PH 8.5) Subject B &2-hr ( A )  and 8-24-hr 
( B )  urine samples. The labeled peaks represent the following metabolites and their deuterated standards: rnle 138, Ild; m/e 140, Ild-dz; mle 179, 
Ic; m/e 181, Ic-dz; mle 207, Ib; mle 210, Ib-d,; rnle 223, m- andlor p-Ie; rnle 226, Ie-d,; m/e 235, la; mle 239, Ia-d4; mle 251, m- or p-Id; and rnle 
255, Id-d4. 


treated with urease (100 mg) at  30° with shaking for 72 hr in an equal 
volume of pH 7.0 sodium phosphate buffer. Each sample was then ly- 
ophilized to yield approximately 600 mg of light-brown powder, which 
was extracted with 10 ml of hot methanol. The methanol extract was 
rotary evaporated, and the residue was sublimed (130°/0.3 mm Hg) for 
3 hr. The sublimate was taken up in a few drops of methanol and chro- 
matographed on silica gel plates, using I-butanol-water-acetic acid (8:3:2) 
as the developing solvent. The appropriate area (R, 0.2-0.4), as deter- 
mined by cochromatography with standards, was scraped off and eluted 
with methanol, followed by rechromatography in the same system. TLC 
on silica gel of a sample of the final extract showed a ninhydrin-sensitive 
area corresponding to the Rf region for both N,N-diethylglycine and 
monoethylglycine. TLC on cellulose, using 95% ethanol-2-propanol- 
water (63:1), also indicated ninhydrin-sensitive areas for N,N-diethyl- 
glycine (Rf  0.51, very pale-pink spot) and monoethylglycine (A/ 0.27, 
purple-pink spot). 


Chemical-ionization mass spectrometry of each extract showed small 
peaks at both m/e 104 and 132 corresponding to the amino acids, along 
with envelopes of peaks attributable to their deuterated internal stan- 
dards. However, due to the large number of peaks in the same mass range, 
meaningful quantification was virtually impossible. 


measurable levels of Ib, small but measurable amounts of what appeared 
to be Metabolite I11 could be detected. Based on the peak height ratio 
of the MH+ of the cyclic metabolite at rnle 233 versus the MH+ ion of 
lidocaine at mle 235, the concentration of the cyclic metabolite in plasma 
followed approximately the same time course as Ib19. The peak concen- 
tration appeared at  60 min and reached a concentration level of ap- 
proximately one-fifth that of the Ib level in Subjects A and B (Table I). 
These concentrations of cyclic metabolite must be considered as rather 
crude estimates. However, the presence of this metabolite as a real in uivo 
generated product is strongly suggested, since there was no concomitant 
increase in m/e 236 compared to control values. This finding would be 
expected if the substance was arising from the condensation of exogenous 
acetaldehyde with Ib (25), since the acetaldehyde should also condense 
with the deuterated analog to generate mle 236. The problem of the cyclic 
metabolite will be considered in a future publication. 


Urine-Lidocaine and six of its metabolites were quantified simul- 
taneously using the chemical-ionization mass spectrometry-stable isotope 
dilution procedure. Basically, this procedure involved collection of serial 
urine samples with immediate addition of a stock solution containing 
known amounts of the deuterated standards to urine aliquots. The urine 


RESULTS 


Plasma-The results of the quantification are presented in Table I 
and were partially given in a previous publication (16). In all samples with 


l9  Although the MH+ ion for the cyclic metabolite was found in all plasma sam- 
ples, the deuterium standard of the cyclic metabolite was not added to the lasma 
because of its facile hydrolysis to Ib plus acetaldehyde. Due to the almost igntical 
extraction characteristics of the cyclic metabolite and lidocaine, deuterated lidocaine 
was used as the reference standard. 
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Figure 4-Comparative chemical-ionization mass spectra of the methylene chloride extracts from basified (pH 8.5) 4-8-hr urine samples from 
Subject C before (A) and after (B) &glucuronidase-sulfatase treatment. The labeled peaks represent the following metabolites and their deuterated 
standards: mle 138, lid; rnle 140, I l d - d i  mle 179, Ic; mle 181, Ic-dz; rnle 207, Ib; mle 210, Ib-d,; mle 223, m- andlor p-lc; m/e 226, l e d a ;  m/e 235, 
la; mle 239, la-d4; mle 251, m- andlor p-Id; and m/e 255, Id-dr. 


was then stored in a freezer (-15O) until further workup. By using this 
procedure, any structural change occurring in these metabolites was re- 
flected in identical changes in the added standards. Quantification was 
carried out before and after 8-glucuronidase-sulfatase treatment (Table 
II). Comparative chemical-ionization mass spectra of the 0-2- and 8-24-hr 
urine extracts of Subject B are shown in Fig. 3, and comparative spectra 
of the 4-8-hr urine extracts of Subject C before and after 0-glucuroni- 
dase-sulfatase treatment are shown in Fig. 4. 


Amino Acid Metabolites-The standard isotope dilution methods 
reported under Experimental revealed that minimally N,N-diethyl- 


Va: R = CH-NOH 
Vb: R = CHpNHCOCHI 


/CHzCH3 


COCH, 
\ 


VC: R = CHtN 


glycine represented 35% of the excreted dose in two human subjects. 
Although some inexact TLC and chemical-ionization mass spectrometry 
data indicated that monoethylglycine was also present, this amino acid 
eluded quantification. However, in a Rhesus monkey, both amino acids 
were quantified via ion-exchange chromatography coupled with GLC 
and chemical-ionization mass spectrometry analysis20. After receiving 
100 mg iv of radiolabeled lidocaine, this monkey excreted a minimum of 
15% of IVa and 19% of IVb of the total administered dose. 


DISCUSSION 


The results of this work show the extreme usefulness of the chemi- 
cal-ionization mass spectrometry technique in both clinical analysis and 
drug metabolism studies. By using this procedure in a study of human 
lidocaine metabolism, several metabolites and their deuterated internal 
standards could be simultaneously monitored and quantified in a single 
temperature-programmed analysis. The technique combines speed, ac- 
curacy, and specificity in determining and quantifying metabolites; it 
also offers safety for the investigator. Drawbacks of the method include 
cost and upkeep of the instrument, time and expense required to syn- 
thesize the necessary deuterated standards, and inability to provide in- 


~ 


2o Unpublished results, this laboratory. 
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formation necessary to differentiate similar structural isomers of a me- 
tabolite such as m- and p-hydroxylidocaines. 


Certain ions not present in control urine were detected in small 
amohts  including ions at mle 177,221, and 249, which might reprebnt 
V a ,  V b ,  and V c ,  respectively. Compound V a  is an oxime, which could 
arise from oxidation and reduction of Ic; V b  might come from acetylation 
of Ic, and Vc might come from acetylation of Ib. All of these pathways 
are known to be operative in humans. Computer acquisition of chemi- 
cal-ionization data a t  moderate resolution to determine exact masses 
might support or refute the presence of such minor metabolites. 


By using the chemical-ionization mass spectrometry-stable isotope 
dilution technique, 70-80% of lidocaine metabolism in humans can be 
accounted for. The results support the metabolic sequence outlined by 
Keenaghan and Boyes (12) with some modifications (Scheme I ) .  As in 
most species studied, the major primary pathway of lidocaine biotrans- 
formation in humans appears to be N-dealkylation followed by secondary 
oxidations, conjugations, and hydrolysis. Any major contributions to 
lidocaine metabolism by oxidation of the aromatic methyl groups or 
N-hydroxyamide formation (31) were ruled out. However, whereas 
Keenaghan and Boyes (12) suggested only hydrolysis of the amide linkage 
after deethylation, the present results indicate that a substantial amount 
of direct hydrolysis of lidocaine takes place to yield both N,N-diethyl- 
and N-monoethylglycine plus 2,6-dimethylaniline, which is further ox- 
idized to p-hydroxy-2,6-dimethylaniline, the major urinary metabolites 
of lidocaine in humans. 
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Application of Ion-Pair Methods to 
Extraction of Fluorouracil from Aqueous Fluids 


ANDRE P. De LEENHEER.*", MARIE-CLAIRE COSYNS-DUYCK *, and 
P. MAURICE VAN VAERENBERGH * 


Abstract The polar molecule, fluorouracil, is a monoanion at  pH 10 
and may be quantitatively extracted from aqueous solutions with qua- 
ternary alkylammonium ions into an organic solvent such as dichloro- 
methane as the ion-pair. Extraction constants of fluorouracil with the 
tetrapentylammonium ion in dichloromethane or dichloromethane-l- 
butanol(91) and with the tetrahexylammonium ion in dichloromethane 
were determined. Slope analysis demonstrated that association of the 
ion components in the aqueous phase occurred as the side reaction. A 
column ion-pair extraction technique, using tetrapentylammonium as 
the counterion and dichloromethane as the eluting phase, was developed 
and allowed quantitative transfer of fluorouracil to the organic solvent. 
The applicability of this method was shown by determining plasma levels 
of fluorouracil in cancer patients to whom I g of active substance was 
administered intravenously. 


Keyphrases 0 Fluorouracil-ion-pair extraction from aqueous solutions 
with quaternary alkylammonium ions into organic solvents Ion-pair 
extraction-fluorouracil from aqueous solutions with quaternary al- 
kylammonium ions into organic solvents Antineoplastic agents-flu- 
orouracil, ion-pair extraction from aqueous solutions with quaternary 
alkylammonium ions into organic solvents 


Few methods have been published on the determination 
of fluorouracil in biological materials. A microbiological 
assay and a direct spectrophotometric method were used 
to determine plasma fluorouracil levels in cancer patients 
(1). Neither of these methods is sufficiently specific. Pro- 
cedures using GLC were reported (2,3), and a sensitive and 
highly specific mass fragmentographic method was re- 
cently described (4). However, in all of these techniques, 
the isolation of fluorouracil from aqueous biological ma- 
terials into an organic solvent remains a weak point. 


Dialysis and subsequent evaporation to dryness (2) and 
double-phase extraction with 2-propanol-ether (3,4) were 
utilized. However, the first method is cumbersome and 
time consuming, and the two-phase extraction suffers from 
low specificity. A more polar system is required for ex- 
traction of the highly polar fluorouracil, a pyrimidine de- 
rivative. 


The purpose of the present investigation was to study 
ion-pair systems, using quaternary alkylammonium 
counterions, for the extraction of fluorouracil from an 
aqueous matrix to an organic phase. 


EXPERIMENTAL 


Apparatus-A pH meter' equipped with a combination electrode2, 
a magnetic stirrer3, and a mechanical shaking apparatus4 were used. 
Spectrophotometric measurements were performed with an automatic 
UV-visible double-beam instrument5 using 10-mm quartz cells. 


Chemicals and Reagents-Fluorouraci16 was used as received. Di- 
~hloromethane~, tetrapentylammonium iodides, and tetrahexylammo- 
nium bromides were analytical grade. Tetrapentylammonium and te- 
trahexylammonium hydrogen phosphate solutions, about 0.15 and 0.01 
M, respectively, were prepared as follows. To the 0.2 M aqueous solutions 
of the halides was added an equivalent amount of silver oxide, and the 
mixtures were continuously stirred for 24 hr. After filtration, concentrated 
phosphoric acid was added to pH 10. The solutions were extracted three 
times with small volumes of dichloromethane (phase ratio, aqueous- 
organic, 101) to remove the unreacted iodide and bromide salts (5). The 
true concentrations of the tetraalkylammonium ions were determined 
by an ion-pair extraction method with picric acid (6). 


Cellulose7 for column chromatography was purified in a column by 
washing with ethanol and dichloromethane until the absorbance of the 
eluate a t  269 nm was constant a t  0.010. Carbonate buffer, pH 10 and ionic 
strength 0.1, was prepared for back-extraction experiments by mixing 
25.0 ml of 1 M NaHC03 with 50.0 ml of 0.5 M Na2C03 and diluting to 
lo00 ml. A concentrated carbonate buffer for plasma determinations was 
made by dissolving 2.1 g of sodium hydrogen carbonate and 2.6 g of so- 
dium carbonate in 40 ml of water. 


All other substances were analytical grade and were used without pu- 
rification. Mutually saturated solvents were used throughout the ex- 
periments. 


Extraction Constants-Constants for ion-pair extraction and ion- 
pair association in the aqueous phase were determined by a partition 
technique. The partition experiments were performed in centrifuge tubes 
using 20-ml volumes of aqueous and organic solutions. These solutions 
were mechanically shaken at  room temperature for 30 min to establish 
equilibrium. After centrifugation, the phases were separated and the 
absorbance of the aqueous phase, A1, was measured at  269 nm. 


A 10.0-ml aliquot of the organic phase was subsequently reequilibrated 
with 10.0 ml of 0.01 M NaC104 in carbonate buffer, pH 10, by shaking 
for 15 min at room temperature. (A shorter time for establishing the 
equilibrium was used because of the much higher extraction constant of 


* Radiometer Titrator TTT lc, Copenhagen, Denmark. 
Radiometer GK 2321 C, Copenhagen, Denmark. 
Cenco Instruments N.V. 16632 B, Breda, The Netherlands. 
Wilten and Co., Berchem, Be1 ium 
Pye Unicam S P  1800, Cambriige, England. 
Donated by N.V. Produits Roche, Brussels, Belgium. 
E. Merck AG, Darmstadt, West Germany. * Eastman Kodak. Rochester, N.Y. 
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(44.6% recovery) for the capsules. The mean difference of 130.8 mg of 
hydroxyethinamate in the 24-hr urine from the tablets and capsules was 
significant. However, this significant difference can be explained largely 
by the unusually low recovery of 77 mg of 111 from one subject. Without 
this subject, the average 24-hr urine recovery of 111 was 385 mg for the 
other 11 subjects. The mean difference of 105 mg of I11 recovered in the 
24-hr urine from the two dosage forms was not significant. 


The half-life of ethinamate in plasma was determined from a semi- 
logarithmic regression analysis. The 1112 of ethinamate in plasma from 
these products was 1.9 i 0.3 hr. 
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Solubility and Ionization Characteristics of Phenytoin 


PETER A. SCHWARTZ *, C. T. RHODES *x, and J. W. COOPER, Jr.* 


~ 


Abstract 0 The solubility of phenytoin was determined in pH 7.4 and 
5.4 phosphate buffers a t  five temperatures; in hydroalcoholic solutions, 
M% methanol; and in pH 4.b8.4 buffer solutions. From the temperature 
data, the enthalpy and entropy of solution of this nonideal system were 
calculated and were similar at both pH values. The data obtained from 
the buffer solutions were used to calculate the apparent dissociation 
constant, pKa', of phenytoin as 8.06. A GLC method with on-column 
methylation was used to quantitate phenytoin with 5-(p-methyl- 
phenyl)-5-phenylhydantoin as an internal standard. The assay uses 
chloroform for extraction of the drug from aqueous solutions. The ratio 
of peak heights was adjusted for weights of aqueous and organic layers, 
and results were calculated in micrograms per gram of sample and mole 
fraction of phenytoin. Although hydroalcoholic solutions enhanced drug 
solubility, there is a potentially significant disadvantage in using alcohol 
for clinical studies. 


Keyphrases Phenytoin-solubility and ionization characteristics in 
various buffers and hydroalcoholic solutions Solubility-phenytoin 
in various buffers and hydroalcoholic solutions Ionization character- 
istics-phenytoin in various buffers and hydroalcoholic solutions 0 
Anticonvulsants-phenytoin, solubility and ionization characteristics 
in various buffers and hydroalcoholic solutions 


Because of its regulating effect on the bioelectric activity 
of the nervous system, phenytoin is used widely as an an- 
ticonvulsant and cardiac antiarrhythmic (1). The thera- 
peutic activity of the drug appears to be related to the 
concentration of free unbound drug in the plasma (2,3). 
The present paper reports some fundamental physico- 
chemical properties of the drug which have considerable 
relevance for pharmacokinetic studies. A GLC method was 
devised to achieve acceptable sensitivity (<5% error) from 
0.5 to 100 pg of phenytoin/ml. 


The apparent dissociation constant, pKa', was 8.31 when 
determined by UV spectrophotometry and 8.33 when de- 
termined by potentiometric titration in hydroalcoholic 
solutions (4). A graph of pKa' values as a function of the 
ethanol concentrations yields the apparent pKa' value in 
water (0% alcohol). A pKa' of 9.2 was determined by ti- 
tration in 50% methanol (5), in good agreement with that 
for 50% ethanol (4). 


Phenytoin is very slightly soluble in alkali at 26" (51, e.g., 
165 pg/ml at  pH 9.1 (borate buffer) and 1.52 mg/ml at  pH 
10, but it is practically insoluble in water, e.g., 14 pg/ml at 
pH 7 and 20 pg/ml a t  pH 7.4 at 24" (6). However, it is 
sparingly soluble in alcohol, 19.4 mg/g (7) or 1 g in about 
60 ml, and about one part in 30 ml of acetone (8). It is only 
slightly soluble in ether and chloroform (9). 


Shortly after the introduction of phenytoin as an anti- 
convulsant in 1937 (lo),  the first analytical method, a ti- 
trimetric procedure, was developed for the determination 
of quantitative plasma phenytoin levels (11,12), but this 
method lacked sensitivity in the clinical microgram range. 
Several spectrophotometric procedures (13-18) had con- 
siderably improved sensitivity. 


The most recent development in phenytoin assay pro- 
cedures involves the application of GLC, a highly specific 
and sensitive analytical technique (19, 20). A procedure 
using trimethylsilyl derivatives of phenytoin and its met- 
abolic products is sensitive, but these products are unstable 
in the presence of moisture (21,22). The quaternary am- 
monium base, trimethylanilinium hydroxide (I), was used 
successfully as a methylating agent (23) to convert the 
hydantoins to nonpolar, volatile derivatives, using the 
injection port of a gas chromatograph as the reaction 
chamber. This flash-heater methylation reaction is com- 
plete; the 1,3-dimethylhydantoin products are stable (24) 
and were identified by mass spectrometry as the sole 
products of this reaction (25). 


EXPERIMENTAL 


Materials-Phenytoin (5,5-diphenylhydantoin) and 5-(p-methyl- 
phenyl)-5-phenylhydantoin (11) were used as obtained (99+%)'. The 
melting point and IR spectrum of phenytoin were determined as an index 
of purity (9). Chloroform2 and all other chemicals employed were reagent 
grade. 


Aldrich Chemical Co., Milwaukee, WI 53233. 
J. T. Baker Chemical Co.. Phillipsburg, N.J. 
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Table I-Average Solubility for Six Samples of Phenytoin in  
Buffers a t  25" 


Table 11-Average Solubility" for Six Samples of Phenytoin in 
Buffered (pH 7.4) Methanol at 25 and 37" 


RH 
Solubility, 
udml (SD)  


8.3 
8.2 
8.0 
7.8 
7.5 
7.1 
4.9 


56.8 (2.8) 
44.7 i2.2j 
32.4 (2.0) 
27.6 (1.8) 
21.9 (1.4) 
20.3 (0.9) 
18.4 (0.8) 


3.08 
2.43 
1.76 
1.50 
1.19 
1.10 


Phenytoin Extraction-Phenytoin and 11, as an internal standard, 
were extracted from aqueous samples in chloroform and measured by 
a modification of several methods using flash-heater methylation (24, 
26,27). To 1 ml of an aqueous sample in a 50-ml glass-stoppered centri- 
fuge tube was added 5 ml of chloroform containing 2 pg of Wml. The 
mixture was shaken3 for 15 min and centrifuged4 at  1000 rpm for 6 min 
to break any emulsion. As much of the organic (lower) phase as possible 
was removed by pipet and placed in a 15-ml ground-glass-stoppered 
centrifuge tube. 


This mixture was dried under a nitrogen stream on a 60" water bath. 
Twenty-five microliters5 of a solution of I, 0.5 M in methanol6, was added 
to the dry residue, and 1 pl of the extract was injected into the gas chro- 
matograph. The centrifuge tubes and aqueous and organic solvents were 
weighed7 to permit calculation of mole fractions from the microgram per 
gram concentrations. 


Phenytoin Analysis-A gas chromatographs fitted with dual hy- 
drogen flame-ionization detectors was used. Each U-shaped borosilicate 
glass column (183 cm X 2 mm i.d.) was packed with 3% phenyl methyl 
siliconeg coated on acid-washed, dimethyldichlorosilane-treated, high 
performance flux-calcined diatomite supportlo, 100-200 mesh. Small 
silanized glass wool plugs were inserted in both ends of the columns after 
packing by the vibrator method. 


Heat conditioning was accomplished by connecting the columns to the 
injector inlet only with a nitrogen purge of about 20 ml/min and main- 
taining a temperature of 325' for at least 24 hr (the recommended max- 
imum is 350" for the packing). During periods of inactivity, the column 
oven was set a t  160" with a small nitrogen flow of about 5-10 ml/min. 


For routine analysis of phenytoin, the on-column injectors were sealed 
with high temperature septa" and maintained at  250'. The same tem- 
perature was chosen for the detectors. The column was operated iso- 
thermally at  230" using a nitrogen carrier gas flow rate of about 30 ml/min 
(65 psi) and a hydrogen and air flame, 30 ml/min (20 psi) and 300 ml/min 
(40 psi), respectively. The electrometer output was monitored with a 1-mv 
recorder12 with a chart speed of 0.254 cm (0.1 in.)/min at a range of 
amp/mv, and the signal was usually attenuated by a factor of 2-64. 


Under these operating conditions, a 1-pl injection5 of an extracted 
standard solution of 10 pg/ml each of phenytoin and I1 produced peak 
height responses of about one-half to three-fourths full scale. Retention 
times of the methylated phenytoin and I1 were 8 and 12 min, respectively. 
There was no trap for any trimethylamine eluted from the GLC column 
since the entire effluent passed through the flame detector. 


Calibration-Standard solutions were prepared from dry chemicals 
without further purification. The melting point and IR spectral3 were 
determined for phenytoin and were acceptable evidence of purity. Stock 
solutions of phenytoin, 1 mg/ml, and 11, 250 pglml, were prepared in 
anhydrous methanol and maintained in a freezer at -15' for no more 
than 6 months. No apparent loss of activity was noted over this time. 


Standard solutions of phenytoin were freshly prepared from aliquots 
of the stock solution and were evaporated to dryness under nitrogen at 
room temperature. These samples were redissolved in 1% (w/v) methanol 
in pH 7.4 aqueous buffer, so that the ionic strength of the final solution 
was 0.16. Multiple samples were extracted in less than 1 hr. A 2-pg/ml 


Wrist-action shaker, Burrell Corp., Pittsburgh, Pa. 
DamonAEC HT centrifuge, Damon Corp., Needham Heights, Mass. 
Hamilton Co., Reno, Nev. 
Southwestern Analytical Chem., Austin, Tex. 
H5 Mettler balance, Mettler Instrument Corp., Hightstown, N.J. 
Model 2100, Varian Aerograph, Los Altos, CA 94002. 
OV-17, Varian Aerograph, Los Altos, CA 94002. 


lo HP Chromosorb W, Varian Aerograph, Los Altos, CA 94002. 
11 HT9, A plied Science Laboratories, State College, Pa. 
l2 Model 1-25, Varian Aerograph, Los Altos, CA 94002. 
l 3  Model 457 grating IR spectrophotometer, Beckman Instruments, Fullerton, 


Calif. 


Methanol, % (w/v) 
Tempera- 


ture 0 0.5 1.0 2.0 4.0 


25" 20.6 (1.3) 21.2 (1.0) 21.8 (0.8) 24.2 (0.5) 27.7 (0.3) 
37' 30.6 (0.9) 32.2 (0.8) 34.2 (0.6) 36.4 (0.3) 38.6 (0.3) 


0 Values are micrograms per milliliter with the standard deviation given in pa- 
rentheses. 


solution of I1 in chloroform, the extracting solvent for phenytoin, was 
maintained at  -15'; unused portions were discarded after 30 days. 


A series of standard solutions, 1-50 pglml, were extracted, completely 
dried, and kept in stoppered centrifuge tubes at  room temperature for 
up to 6 months without any apparent loss of sample activity. These dried 
standards permitted ready calibration of the gas chromatograph. Several 
sets of standard solutions were analyzed; the chromatograms were linear 
with respect to peak height ratios of phenytoin to I1 up to 100 pglml, with 
reproducibility of less than 5% error. A single 5-ml extraction of a 100- 
pg/ml phenytoin solution was examined for completeness of the extrac- 
tion procedure. Samples of the separate aqueous and chloroform layers 
were evaporated to dryness, and direct comparison demonstrated a >99% 
extraction. 


Solubility-Methanolic solutions for the determination of phenytoin 
solubility were prepared using pH 7.4 phosphate buffer with an ionic 
strength of 0.16. Determination of the apparent pH values14 for these 0.5, 
1, 2, and 4% methanol solutions demonstrated no significant pH shifts 
from the pH measured in the buffer alone. 


A series of pH 5.6-8.4 phosphate buffers with an ionic strength of 0.16 
were prepared for the determination of the solubility and the dissociation 
constant of phenytoin at 25'. Similarly prepared solutions at pH 5.4 and 
7.4 were used to determine the change in phenytoin solubility with 
temperature over 25-50'. 


The saturated solubility of phenytoin in alcohols and buffers was at- 
tained using a previously described procedure (28). The solute, in an 
amount inexcessof itssolubility (about 100 mg), was placed in po1ytefl5- 
lined screw-capped glass vials with each solvent system. The vials were 
closed tightly and rotated at  28 rpm in a large constant-temperature 
(iO.2O) water bath16 maintained successively at 50,44,37,30, and 25'. 
After at least 24 hr of continuous rotation, a time sufficient to obtain 
saturated solutions at  25", each sample vial was removed in succession 
for assay. 


The exterior of the vial was quickly dried, and the cap was unscrewed 
carefully to prevent water contamination. A 2-ml sample of the saturated 
solution was drawn into a glass syringe and filtered into a small glass vial 
through a cellulose acetate filter with a pore size of 0.22 pmI7. A 1-ml 
sample of this filtrate was placed in a tared 50-ml centrifuge tube, the 
total weight was recorded, and the filtrate was extracted. All glass sy- 
ringes, pipets, and filter apparatus was prewarmed to prevent drug pre- 
cipitation. 


Calculations-Peak height ratios were calculated by dividing the 
height of the peak due to phenytoin by the height of the peak due to 11. 
A peak height adjustment was made using the weights of the aqueous and 
chloroform layers. Calibration curves were constructed from the results 
of extracted standards by plotting the concentration of phenytoin in 
micrograms per gram against the respective adjusted peak height ra- 
tios. 


RESULTS AND DISCUSSION 


Phenytoin is more soluble in alkaline solutions (Table I). The total 
solubility, S ,  can be expressed as a function of the hydrogen-ion con- 
centration, solubility of the unionized form, So, and the dissociation 
constant, K.: 


S = So + P -  = So + K,So/[H+] 0%. 1) 


Krebs and Speakman (29,30) transformed this equation into the more 
customary pH and pKa notation: 


log(S/So - 1) = pH - pKa (Eq. 2) 


l4 Expandomatic SS-2, Beckman Instruments, Fullerton, Calif. 
15 Teflon (du Pont). 
l6 Portatemp, Precision Scientific, Chicago, Ill. 
l7 Millipore Corp., Bedford, Mass. 
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Table 111-Average Solubility for Six Samples of Phenytoin as a 
Function of TemDerature 


1/T, Solubility, Mole Fraction Temperature 
pH "C "K OK-' Fg/g(SD) x 106 


5.4 25.4 298.5 0.00335 19.4 (1.0) 1.4 
30.2 ~ 0 3 . 3  0.00330 23.9 (1.7) 1.7 -. ~ 


37.2 3io.3 o.ooi23 30.1 (2.1) 2.2 
44.7 317.8 0.00315 43.4 (2.3) 3.1 
50.3 323.4 0.00309 50.4 (2.8) 3.6 


7.4 25.2 298.3 0.00335 20.5 (1.1) 1.5 
30.1 3133.2 0.00330 24.6 (1.7) 1.8 -. - - -. - . . . . . . 


37.1 310.2 0.00322 31.0 (2.2) 
44.1 317.2 0.00315 45.6 (2.5) 


2.2 
3.3 


49.7 322.8 0.00310 55.1 (3.0) 4.0 


so that a plot of pH against the logarithmic term gives a straight line in- 
tersecting the pH axis a t  the pKa. The value of the pKa is described by 
this method as an apparent dissociation constant, pKa', since the activity 
coefficients are unknown. From the data plotted in Fig. 1, a value of 8.06 
for the pKa' was obtained. This pKa' differs slightly (8.3) from that re- 
ported by Agarwal and Blake (4), but their methods and materials dif- 
fered and the temperature was not specified. 


Table I1 contains the data for the solubility of phenytoin in methanolic 
solutions at 25 and 37' and shows the increase in phenytoin solubility 
with increasing alcohol concentration. The data also show the expected 
increase in solubility with temperature for all concentrations in methanol. 
The phenytoin could not be redissolved easily or quickly after extraction 
without using methanol. The reasons for this finding are not fully ap- 
parent, but one possible mechanism is solvate formation by phenytoin 
and methanol. A 1% (w/v) methanol solution in buffer was chosen for all 
studies to ensure a phenytoin concentration in the range of up to 20 
pglml. 


The solubility of phenytoin is quite low in aqueous buffered solutions 
(F  = 0.16), and the results at 25" (Table I) agree with those of Glazko and 
Chang (6). Several studies with phenytoin, e.g., protein binding, reported 
concentrations of the drug exceeding the aqueous solubility and, in fact, 
used hydroalcoholic solutions of the drug without considering the effects 
of the alcohol on the binding process (31-33). 


+ 0.4 1 .Q - 
LOG (S/So - 1) 


Figure 1-Plot of log(SISo - I) for phenytoin as a function of p H ,  r = 
0.977. The intercept on the pH axis is the apparent p K a .  


12.5 


-* 13.0 * - % 
C - 
I 


13.5 * 


3.2 3.3 
RECIPROCAL ABSOLUTE TEMPERATURE x 103 


Figure 2-Van't Hoff plot for solubility of phenytoin at pH 5.4, r = 
0.995. 


The data for the phenytoin solubilities a t  pH 5.4 and 7.4 at  five tem- 
peratures (Table 111) are expressed as micrograms per gram and were 
converted to mole fractions from the appropriate specific gravity of the 
solutions. Specific gravities were determined by a pycnometer; in all cases, 
the difference in weight per milliliter between samples and reference was 
less than 1%. This procedure allowed for the determination of thermo- 
dynamic relationships that do not require corrections for the cratic effect, 
i e . ,  volume changes on mixing (34). Values for the enthalpy and entropy 
of solution were determined from the slope and intercept of the plot of 
log mole fraction solubility against the reciprocal absolute temperature, 
as shown in Fig. 2 for pH 5.4 (35). 


The literature does not apparently contain any previous reports on the 
thermodynamic functions for phenytoin. The enthalpy of fusion was 
determined'*, using samples of phenytoin from this laboratory, to be 
approximately 47.5 kjoules/mole (11.3 kcdmole) by differential scanning 
calorimetry. The entropy of fusion was calculated as 84 joules/kelvin (20 
callmole kelvin) using the melting point of 294" found for this sample. 


The enthalpy of solution is positive, as would be expected for non- 
electrolytes with low aqueous solubility. The entropy of solution is neg- 
ative, since the highly ordered crystal is dispensed into smaller (disor- 
dered) units in solution, a process accompanied by an entropy increase. 
However, the nonpolar phenyl groups of the drug may change the 
structure of water surrounding these groups (36) into a more ordered 
arrangement, accounting for a negative entropic effect that outweighs 
the positive entropy associated with the breakdown of the crystal lattice. 
Thermodynamic functions derived from the system at pH 5.4 and 7.4 are: 
enthalpy, 31.3 (7.5) and 33.6 (9.0) kjoules/mole (kcal/mole), respectively; 
and entropy, -7.1 (-1.7) and -1.4 (-0.3) jouks/mole kelvin (cal/mole 
kelvin), respectively. The acid was essentially unionized (>99?6) at pH 
5.4, while the data at pH 7.4 (>80% unionized) represent both ionized 
and unionized species. 


Investigators must have a clear understanding of the physicochemical 
characteristics of phenytoin. Because of its limited solubility, hydroal- 
coholic solutions have been used in the past to broaden the experimental 
range of concentrations. Alcohol would affect in uitro binding experi- 
ments; studies intended to be of clinical relevance should be conducted 
at  physiologic temperature, pH, and ionic strength in aqueous buffer. 


At Upjohn Laboratories. 
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Determination of Acenocoumarol in Plasma and Urine by 
Double Radioisotope Derivative Analysis 


Y. Le ROUX“ and J. RICHARD 


Abstract 0 Acenocoumarol, to which a ‘*C-labeled internal standard 
has been added, is extracted at  pH 4 into ethyl acetate-heptane (2080 
v/v), back-extracted into aqueous sodium hydroxide solution after solvent 
washing with a pH 7 buffer, and reextracted after acidification in the 
solvent mixture. It is then acetylated with 3H-acetic anhydride. The 
acenocoumarol acetyl derivative is separated from the metabolite de- 
rivatives by TLC, and its radioactivity is measured. The method is spe- 
cific and sensitive to a concentration of 8 ng/ml. 


Keyphrases AcenocoumarolAouble radioisotope derivative analysis, 
plasma and urine 0 Radiochemistry-double radioisotope derivative 
analysis of acenocoumarol in plasma and urine 0 Anticoagulants-ace- 
nocoumarol, double radioisotope derivative analysis in plasma and 
urine 


Acenocoumarol (I) is an oral coumarin anticoagulantl. 
It is analyzed in biological fluids using the O’Reilly et al. 
(1) method. This technique was originally developed for 
the determination of another coumarin anticoagulant, 
warfarin, which was then administered in much higher 


doses than acenocoumarol. It is a simple UV absorption 
assay, performed after solvent extraction; its sensitivity 
is limited to 1 pg/ml, and its specificity has not been veri- 
fied. Nevertheless, it has been used for the determination 
of acenocoumarol(2). Two other methods, neither of which 
is more sensitive, also were reported (3, 4). Recently, a 
fluorometric assay after TLC was reported that is more 
sensitive (0.2 pg/ml) (5). 


The metabolism of acenocoumarol was only recently 
elucidated2. Several metabolites were found: 3- [a-(4’- 
aminophenyl)-/3-acetylethyl]-4-hydroxycoumarin (III), 
3-[a-(4’-acetamidophenyl) -p- acetylethyl] -4- hydroxy- 
coumarin (IV), two diastereoisomers of the alcohol 3-[a- 
(4’-nitrophenyl)-y-hydroxybutyl]-4-hydroxycoumarin (V), 
3-[a-(4’-nitrophenyl)-/3-acetylethyl] -4,7- dihydroxycou- 
marin (VI), and 3-[a-(4’-nitrophenyl)-/3-acetylethyl]- 
4,6-dihydroxycoumarin (VII). 


All attempts to elaborate a GLC procedure for aceno- 


1 Sintrom, Ciba-Geigy. 2 W. Dieterle et al., to be published. 
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is not available, a copy can probably he obtained by writing one of the 
editors. The errors were corrected in the second printing. 


A rapid reading revealed surprisingly few misspelled words and only 
a few errors in the other chapters. Most errors are minor and do not sig- 
nificantly detract from the usefulness of the material. 


Errors in structural formulas include carbenicillin indanyl sodium, p. 
289; cephalothin sodium, p. 292; cephapirin sodium, cephamycin, and 
cefoxitin, p. 294; anhydrotetracycline, p. 308; oleandomycin, p. 317; lin- 
comycin, p. 320; nystatin, p. 330; carbachol intermediate, p. 469; and 
neostigmine, p. 472. 


Other minor errors were also noted. On p. 306, a “2” should be replaced 
by a “3” to read, “. . . protonation of the enol group on carbon atom 3. . . .” 
In the “Mechanism of Hydrolysis of AChE,” p. 467, a positive charge was 
omitted and the orientation of a water molecule is misleading. On p. 477, 
the acid proton is incorrectly placed on pilocarpine hydrochloride. The 
structural formula number (I) was omitted on p. 555. In the third line on 
p. 560 “R” should replace “S,” which refers to the absolute configuration 
of bisquaternary species. Since rotoxamine is the levorotatory isomer of 
carbinoxamine, the following statement should be deleted from pp. 652 
and 654. “In compounds that exhibit optical isomerism the dextrorotatory 
isomer possesses most of the antihistaminic activity.” Finally, on p. 665, 
the acid proton is incorrectly placed on antazoline hydrochloride. 


A footnote in the chapter on Analgesic Agents explains that the popular 
term “analgesic” is used in preference to the etymologically correct term 
“analgetic.” Perhaps it would be appropriate to explain a similar rela- 
tionship in the usage of the terms “antitubercular” and “antituberculous” 
either on p. 144 or 331. 


In the reviewer’s opinion, the seventh edition is an improvement of an 
already good textbook. It should be well received in the classroom and 
is highly recommended as a textbook for courses in undergraduate 
medicinal and pharmaceutical chemistry. 


Reuiewed by Charles M. Darling 
School of Pharmacy 
Auburn University 
Auburn, AL 36830 


Assessing Drug Reactions-Adverse and  Beneficial, Vol. 7: Phi- 
losophy and Technology of Drug Assessment. Edited by FRANK 
N. ALLAN. Interdisciplinary Communication Associates, Smithsonian 
Institute, Washington, DC, 1976. 158 pp. 15 X 23 cm. 
This book contains the report of the seventh conference in a series on 


the Philosophy and Technology of Drug Assessment. This conference 
dealt with the basic problem of defining, detecting, reporting, and as- 
sessing adverse drug reactions. The conference was conducted by the 
Interdisciplinary Communications Program of the Smithsonian Insti- 
tution. 


The topics discussed in the book include terminology and definition 
of adverse drug reactions, risk-benefit analysis of adverse drug reactions, 
and various approaches that can be used in collecting data about adverse 
drug reactions. The book is written in a narrative style and includes edited 
statements of conference participants. 


The book indicates that there was a lack of agreement among the 
conference participants regarding the magnitude of the problem, how 
to assess that magnitude, or who needed the most increased under- 
standing. However, there was a consensus agreement that a national 
adverse drug reaction monitoring system is needed and that the system 
should he part of a larger system that includes data collection of the pa- 
tient’s whole response to drug therapy. 


The book provides an informative insight into the controversy sur- 
rounding the collection and evaluation of adverse drug reaction data. The 
personal experiences of some conference participants are very enlight- 
ening and enable the reader to obtain a better grasp of the problems as- 
sociated with collecting and evaluating adverse drug reaction data. 


Reviewed by Frank Ascione 
University of Michigan 
Ann Arbor, M I  48104 


AMA D r u g  Evaluations, 3rd Ed. Prepared by the AMA Department 
of Drugs in cooperation with the American Society for Clinical Phar- 
macology and Therapeutics. Publishing Sciences Group, 545 Great Rd., 
Littleton, MA 01460, 1977. 1327 pp. 18 X 26 cm. Price $29.50. 
The third edition of this valuable reference source has been completely 


reorganized, updated, and expanded. The hook is divided into 19 sections 
based on therapeutic category. Each section contains more specific 
chapters, which begin with a brief introduction and include detailed 
evaluations for individual drugs and compounds. 


The book gives information on dosage, contraindications, and adverse 
reactions and includes structural formulas for most single-entity drugs. 
I t  also lists generic and proprietary names and available dosage forms 
and sizes. Included are evaluations of over 1300 drugs, information on 
investigational agents, and extensive listings for normal values of clinical 
laboratory tests. Also, there is information on drug interactions, labeling, 
and use of drugs during pregnancy. 


This book is essential for those who prescribe, dispense, or administer 
drugs or who require information on applied therapeutics. 


Staff review 


Organic Chemistry of Drug  Synthesis. By DANIEL LEDNICER and 
LESTER A. MITSCHER. Wiley, 605 Third Ave., New York, NY 
10016,1977.471 pp. 16 X 23 cm. Price $22.50. 
This book is an attempt to present to synthetic organic and medicinal 


chemists the synthetic routes used to prepare a great majority of organic 
compounds used as drugs. The book focuses on compounds that are either 
used in the clinic or have undergone clinical trial, concentrating on those 
assigned generic names by the USAN Council. There are 22 chapters, each 
of which is organized by structural rather than pharmacological classes. 
The pharmacology involved in the various disease states discussed and 
the mode of action in selected drug classes are written in terms useful to 
the chemist with a rudimentary knowledge of biology. A glossary of 
commonly used pharmacological terms is included. 


The book is filled with errors of all types, which the reviewer found to 
be extremely irritating. In a t  least three places, the authors refer to 
substituted ureas as carbamates (structure 10, p. 7). No chapter was error 
free. Frequently compounds were given wrong numbers in the discussion 
section. Structure 61 (p. 36) is a piperidyl derivative, not a pyrrolidino 
derivative as listed. Structure 30 (p. 150) is referred to twice (p. 151) as 
an allylic halide when it is not one. Alkylation reactions using N ( 2 -  
ch1oroethyl)diethylamine are common throughout the book. Only twice 
is an aziridinium salt mentioned as an intermediate (methadone, p. 79, 
and promethazine, p. 373). It is quite possible that aziridinium salts play 
important roles in all such alkylations, not just the two unsymmetrical 
cases listed by the authors. 


The only three groups of compounds with recent references are the 
benzodiazepines, prostaglandins, and cephalosporins. Only a t  the end 
of the chapter on steroids do the authors indicate that drug research in 
this area has not stopped. This statement can surely be made about all 
of the other areas covered in the book and should not have been limited 
to the steroids alone. No mention was made of any drugs for neoplastic 
diseases, which is certainly another shortcoming of the book. 


Short statements related to medicinal chemistry appear throughout 
the book (rigid analogs, pp. 355 and 387; the role of aromatic rings, pp. 
40 and 108; and receptor, p. 218). The statements are often vague, and 
it would have been helpful if the authors had included an introductory 
chapter covering the major aspects of medicinal chemistry. 


Organic chemists with no background in drugs should find this a useful 
introduction to the subject. This book provides only a superficial coverage 
of the subjects included and cannot be recommended as either an intro- 
ductory text or as a reference source for anyone actively engaged in drug 
research. 


Revierued by Sharon G. Boots 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond. VA 23298 
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Application of Ion-Pair Methods to 
Extraction of Fluorouracil from Aqueous Fluids 


ANDRE P. De LEENHEER.*", MARIE-CLAIRE COSYNS-DUYCK *, and 
P. MAURICE VAN VAERENBERGH * 


Abstract The polar molecule, fluorouracil, is a monoanion at  pH 10 
and may be quantitatively extracted from aqueous solutions with qua- 
ternary alkylammonium ions into an organic solvent such as dichloro- 
methane as the ion-pair. Extraction constants of fluorouracil with the 
tetrapentylammonium ion in dichloromethane or dichloromethane-l- 
butanol(91) and with the tetrahexylammonium ion in dichloromethane 
were determined. Slope analysis demonstrated that association of the 
ion components in the aqueous phase occurred as the side reaction. A 
column ion-pair extraction technique, using tetrapentylammonium as 
the counterion and dichloromethane as the eluting phase, was developed 
and allowed quantitative transfer of fluorouracil to the organic solvent. 
The applicability of this method was shown by determining plasma levels 
of fluorouracil in cancer patients to whom I g of active substance was 
administered intravenously. 


Keyphrases 0 Fluorouracil-ion-pair extraction from aqueous solutions 
with quaternary alkylammonium ions into organic solvents Ion-pair 
extraction-fluorouracil from aqueous solutions with quaternary al- 
kylammonium ions into organic solvents Antineoplastic agents-flu- 
orouracil, ion-pair extraction from aqueous solutions with quaternary 
alkylammonium ions into organic solvents 


Few methods have been published on the determination 
of fluorouracil in biological materials. A microbiological 
assay and a direct spectrophotometric method were used 
to determine plasma fluorouracil levels in cancer patients 
(1). Neither of these methods is sufficiently specific. Pro- 
cedures using GLC were reported (2,3), and a sensitive and 
highly specific mass fragmentographic method was re- 
cently described (4). However, in all of these techniques, 
the isolation of fluorouracil from aqueous biological ma- 
terials into an organic solvent remains a weak point. 


Dialysis and subsequent evaporation to dryness (2) and 
double-phase extraction with 2-propanol-ether (3,4) were 
utilized. However, the first method is cumbersome and 
time consuming, and the two-phase extraction suffers from 
low specificity. A more polar system is required for ex- 
traction of the highly polar fluorouracil, a pyrimidine de- 
rivative. 


The purpose of the present investigation was to study 
ion-pair systems, using quaternary alkylammonium 
counterions, for the extraction of fluorouracil from an 
aqueous matrix to an organic phase. 


EXPERIMENTAL 


Apparatus-A pH meter' equipped with a combination electrode2, 
a magnetic stirrer3, and a mechanical shaking apparatus4 were used. 
Spectrophotometric measurements were performed with an automatic 
UV-visible double-beam instrument5 using 10-mm quartz cells. 


Chemicals and Reagents-Fluorouraci16 was used as received. Di- 
~hloromethane~, tetrapentylammonium iodides, and tetrahexylammo- 
nium bromides were analytical grade. Tetrapentylammonium and te- 
trahexylammonium hydrogen phosphate solutions, about 0.15 and 0.01 
M, respectively, were prepared as follows. To the 0.2 M aqueous solutions 
of the halides was added an equivalent amount of silver oxide, and the 
mixtures were continuously stirred for 24 hr. After filtration, concentrated 
phosphoric acid was added to pH 10. The solutions were extracted three 
times with small volumes of dichloromethane (phase ratio, aqueous- 
organic, 101) to remove the unreacted iodide and bromide salts (5). The 
true concentrations of the tetraalkylammonium ions were determined 
by an ion-pair extraction method with picric acid (6). 


Cellulose7 for column chromatography was purified in a column by 
washing with ethanol and dichloromethane until the absorbance of the 
eluate a t  269 nm was constant a t  0.010. Carbonate buffer, pH 10 and ionic 
strength 0.1, was prepared for back-extraction experiments by mixing 
25.0 ml of 1 M NaHC03 with 50.0 ml of 0.5 M Na2C03 and diluting to 
lo00 ml. A concentrated carbonate buffer for plasma determinations was 
made by dissolving 2.1 g of sodium hydrogen carbonate and 2.6 g of so- 
dium carbonate in 40 ml of water. 


All other substances were analytical grade and were used without pu- 
rification. Mutually saturated solvents were used throughout the ex- 
periments. 


Extraction Constants-Constants for ion-pair extraction and ion- 
pair association in the aqueous phase were determined by a partition 
technique. The partition experiments were performed in centrifuge tubes 
using 20-ml volumes of aqueous and organic solutions. These solutions 
were mechanically shaken at  room temperature for 30 min to establish 
equilibrium. After centrifugation, the phases were separated and the 
absorbance of the aqueous phase, A1, was measured at  269 nm. 


A 10.0-ml aliquot of the organic phase was subsequently reequilibrated 
with 10.0 ml of 0.01 M NaC104 in carbonate buffer, pH 10, by shaking 
for 15 min at room temperature. (A shorter time for establishing the 
equilibrium was used because of the much higher extraction constant of 


* Radiometer Titrator TTT lc, Copenhagen, Denmark. 
Radiometer GK 2321 C, Copenhagen, Denmark. 
Cenco Instruments N.V. 16632 B, Breda, The Netherlands. 
Wilten and Co., Berchem, Be1 ium 
Pye Unicam S P  1800, Cambriige, England. 
Donated by N.V. Produits Roche, Brussels, Belgium. 
E. Merck AG, Darmstadt, West Germany. * Eastman Kodak. Rochester, N.Y. 
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the perchlorate ion-pair in the organic phase.) After centrifugation to 
separate the two layers, the absorbance at 269 nm of this aqueous phase, 
Az, was determined. Distilled water (20 ml) was treated identically to the 
fluorouracil solutions, and the resulting phases were used as the blank 
in the reference cell for both spectrophotometric measurements. 


According to the described method, three complete series of experi- 
ments were performed: 


1. To 10 ml of 0.004 M fluorouracil (previously adjusted to pH 10 with 
1 M NaOH) was added 10.0 ml of tetrapentylammonium hydrogen 
phosphate solution of known concentration (aliquots of the stock solution 
of 0.138 M tetrapentylammonium hydrogen phcephate were diluted with 
appropriate volumes of 0.075 M NaH2P04), and the aqueous phase was 
equilibrated with 20.0 ml of dichloromethane as the organic phase. 
Counterion stock and phosphate solution had the same ionic strength 
of 0.225, which remained constant throughout the experiments. 


2. Same as Series 1, but dichloromethane-1-butanol(91) was used 
as the organic phase. 


3. Same as Series 1, but a 2.06 X M fluorouracil solution, a 5 X 
M tetrahexylammonium hydrogen phosphate stock solution, and 


dichloromethane as the organic phase were used. 
Plasma Samples-Ten cancer patients received 1 g of fluorouracil 


by intravenous injection in the right arm. Blood samples were drawn into 
heparinized syringes from the left arm by venous puncture a t  various 
intervals for 30 min after administration. Plasma was separated from the 
red blood cells by centrifugation and frozen until assayed. 


Determination of Fluorouracil in Plasma-Volumes of 1.0 ml of 
plasma, 1.0 mi of 0.15 M tetrapentylammonium counterion, and 200 pl 
of pH 10 carbonate buffer were mixed thoroughly with 4 g of cellulose in 
a 100-ml beaker until dry. The adsorbent was packed in a glass column 
(1 X 50 cm) and eluted with 10 ml of dichloromethane. The first 5 ml of 
eluate was collected in 10-ml screw-capped centrifuge tubes. 


To the organic phase, 3 ml of 0.2 M NaClO4 in pH 10 carbonate buffer 
was added, and the phases were allowed to equilibrate by shaking for 15 
min at  room temperature. After centrifugation, the aqueous phase was 
measured spectrophotometrically a t  269 nm against 0.2 M NaC104 in pH 
10 carbonate buffer. For each patient, a plasma sample collected just 
before the fluorouracil administration was used as a blank. 


RESULTS AND DISCUSSION 


As indicated by its high water solubility [11.78 glliter (2)], fluorouracil 
is a highly polar compound. Its extraction from an aqueous medium with 
usual double-phase techniques requires the use of polar systems [ether- 
lipophilic alcohols (8:2)] (3,4). However, such systems possess a rather 
low selectivity. Because fluorouracil is an ionizable substance [i.e., a weak 
diprotic acid (H2FU) having a pKal= 8.0 and a pKaz = 13 (7)], the pos- 
sible application of an ion-pair extraction method was investigated. In 
aqueous solutions buffered at  pH 10,99.0% of fluorouracil exists as the 
monoanionic species HFU-. Experiments were carried out to investigate 
the feasibility of extracting fluorouracil as a 1:l ion-pair into a dichlo- 
romethane phase with tetrapentyl- or tetrahexylammonium as mono- 
cationic counterions. 


The extraction of fluorouracil as an ion-pair from an aqueous phase 
buffered at pH 10 into an organic phase may be represented by Scheme 
I: 


HFU, + Qiq * HFU-Q& 
Scheme I 


where HFU, represents the monoanionic species of fluorouracil in the 
aqueous phase; atq is the counterion, i.e., the tetraalkyl (pentyl or hexyl) 
ammonium ion in the aqueous phase; and HFU-Q& is the ion-pair in 
the organic phase. 


The ion-pair extraction constant, E, is defined by: 


(Eq. 1) 


where [ lag and [ ],,are the concentrations of the species indicated in the 
aqueous and organic phases, respectively. 


However, to examine the influence of side reactions on the extraction, 
a conditional extraction constant, E*, is used 


(Eq. 2) 


where C is the actual concentration, and a is the activity coefficient that 
compensates for side reaction(s) of the species indicated. 


The concentration of the monoanionic species of fluorouracil in the 


E* = CHFU-QL = E  ffHFU-Q& 


CHFU; C Q ~  ~ H F U ; ,  a ~ : ~  


aqueous phase, CHFU;, is measured by spectrophotometry at  269 nm 
(Al), using the molar absorption coefficient z = 4.12 X 103 liters/mole cm. 
The concentration of the ion-pair in the organic phase, CHFU-Q++ is 
estimated by an indirect procedure. Because the spectral properties of 
the ion-pair HFU-Q& in the organic phase were not known accurately, 
a back-extraction was performed with 0.01 M NaC104 in pH 10 carbonate 
buffer. However, the perchlorate anion is a much stronger ion-pair former 
than the monoanion of fluorouracil [i.e., Ec~o;Q+ is much larger than 
EHFU-Q+ (S)], and the equilibrium will be displaced far to the right as 
shown by Scheme 11. 


HFU-Q& + C104iq + ClO;Q& + HFU, 
Scheme II 


Therefore, all fluorouracil originally present as an ion-pair in the organic 
phase will be quantitatively transferred to the aqueous phase, HFU,. 
Spectrophotometry at  269 nm of the latter yields Az, which allows cal- 
culation of CHFU-Q;,~ (using the molar absorptivity t = 4.12 X lo3 li- 
ters/mole cm) for substitution in Eq. 2. Finally, the concentration of the 
counterion in the aqueous phase, CQ:~, is obtained from Eq. 3 by differ- 
ence between the initial concentration of counterion, CQO, and the mea- 
sured ion-pair concentration, CHFU-Q;~.,: 


(Es. 3) 


Substitution of the concentration terms in Eq. 2 by absorbance values 
(Lambert-Beer C = A/c for 1.0-cm pathlength) and expansion with Eq. 
3 give: 


which may also be written: 


(Eq. 4) 


(Eq. 5) 


and which is used experimentally for calculation of the conditional ex- 
traction constants E*. 


Data for fluorouracil ion-pairs, as determined using three sets of ex- 
perimental conditions, are given in Table I. Within each experimental 
series, the value found for E* increases with the decreasing initial con- 
centration of counterion CQO. This effect strongly suggests the existence 
of a side reaction, specifically the association of the ion-pair components 
in the aqueous phase (9-ll), which is defined in Scheme 111. 


HFU;. + Qiq + HFU-Qiq 
Scheme III 


For this equilibrium, the apparent association constant, Ka,  is given 
by: 


(Eq. 6) 


where [HFU-Q'],, is the concentration of the fluorouracil ion-pair in 
the aqueous phase. 


Furthermore, if association of the ion-pair components in the aqueous 
phase occurs as the only side reaction, the following values for the activity 
coefficients a (a = C/[ 1, where C is the actual concentration and [ ] is the 
theoretical concentration of the species subscribed) should be assigned 
and substituted in Eq. 2. Then LXHFU-Q;~ = 1, since the actual and the- 
oretical concentrations of the ion-pair in the organic phase are equal; i.e., 
CHFU-Q;' = [HFU-Q+],,, (assuming no side reaction occurs in the or- 
ganic phase); a ~ : ~  = 1 because there is always an excess of tetraalkyl- 
ammonium counterion, Q+, present in the aqueous phase or its actual 
and theoretical concentrations are practically equal, i.e., CQ:, = [?IBq; 
and ~ H F U ,  or the activity coefficient of the fluorouracil monoanion in 
the aqueous phase is then given by Eq. 7: 


which can be rearranged by use of Eq. 6 to the following form: 


~ H F U ; ,  = 1 + Ka[Q+]aq (Eq. 8) 


Substituting the values for a in Eq. 2 yields the expression for E*, which 
is valid when association of the ion-pair components in the aqueous phase 
occurs as the only side reaction: 


(Eq. 9) 
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Table I-Determination of Extraction Constants of Fluorouracil Ion-Pairs a 


cQO, CHFU,, CHFU-QL~, C Q h  E * ,  l/E*, D =  
M x 10-3 M x 10-3 M x 10-3 M x 10-3 M-1 M x 10-3 E*CQzq 


First Series: TetraDentvlammonium and Dichloromethane; C~,,oro,,,ar,~ = 2.048 X M 


69.0 
34.5 
17.25 
8.63 


0.34 
0.54 
0.86 
1.22 


1.89 
1.68 
1.36 
1.00 


67.11 82.8 12.1 
32.82 94.8 10.6 
15.89 99.5 10.1 
7.63 107.4 9.3 


Second Series: Tetrapentylammonium and Dichloromethane-1-Butanol(91); C&,orouracil = 2.011 X M 


75.0 0.0455 
37.5 0.0600 
18.75 0.0941 
9.38 0.158 


1.97 
1.95 
1.90 
1.86 


73.03 593 1.69 
35.55 914 1.09 
16.85 1,198 0.83 
7.52 1,565 0.64 


5.58 
3.11 
1.58 
0.82 


Third Series: Tetrahexylammonium and Dichloromethane; COfiuorouraci~ = 0.103 X M 
0.00300 0.100 2.75 12,120 0.0825 - 


- 2.85 
1.43 0.00494 0.0982 1.33 14,950 0.0669 
0.71 0.00833 0.0947 0.62 18,340 0.0545 
0.36 0.0156 0.0874 0.27 20,750 0.0481 


- 
- 


0 CO is the initial concentration of the compound indicated and taken through the experiment; C is the actual concentration of the species indicated after reaching 
equilibrium. 


By taking the reciprocals, Eq. 9 is linearized to: 


Thus, if the assumption of association of the ion-pair components in the 
aqueous phase is correct, slope analysis of the experimental data ac- 
cording to Eq. 10, namely the reciprocal of the conditional extraction 
constant, l/E*, uersus the concentration of the counterion in the aqueous 
phase, [$+Iaq (which is approximated by the actual concentration CQL), 
should yield straight lines. The experimental data points of the three 
systems considered all fit Eq. 10, supporting the validity of the hypoth- 
esis. By using the same relationship, the theoretical extraction constant 
E and the association constant K,, of each series were derived: 109 and 
5 M-l, tetrapentylammonium and dichloromethane; 1855 and 30 M - l ,  
tetrapentylammonium and dichloromethane-1-butanol(9:l); and 21,761 
and 298 M - l ,  tetrahexylammonium and dichloromethane. Although the 
two latter systems afforded a high extraction efficiency of 97-98%, they 
were less selective and their applicability was limited to fluorouracil ex- 
tracts that had undergone a preliminary cleanup. 


The tetrapentylammonium and dichloromethane system yielded 
values for E *  that approached E = 109 M - l  as the concentration of the 
counterion, C Q ;  , decreased. Thus, under appropriate experimental 
conditions, the etfect of the side reaction identified would be negligible. 
For example, when the activity coefficient of the fluorouracil monoanion 
in the aqueous phase, aHFU&, equals 1.01, E *  approximates E = 109 M-l 
(see Eq. 9, first term). When solving Eq. 8 for the activity coefficient 
aHFU& = 1.01 (chosen) and the association constant K,, = 5 M-' (found), 
the highest concentration of tetrapentylammonium counterion in the 
aqueous phase that might be used would be 0.002 M. 


However, under such conditions, the presence of higher concentrations 
of competitive anions, comparable to much higher extraction constants 
(e.g., the chloride ion), would probably exhaust the tetrapentylammon- 
ium counterion and prevent the extraction of fluorouracil, even at  rather 
low concentrations. Therefore, the feasibility of the ion-pair extraction 
of fluorouracil with the tetrapentylammonium and dichloromethane 
system under circumstances where the influence of the association 
phenomenon should be minor will not be investigated further. As men- 
tioned previously, a low numerical value for the theoretical extraction 
constant E (= 109 M - l )  was obtained for the tetrapentylammonium and 
dichloromethane system. Evidently, this value entirely governs the 
quantitative aspect of the ion-pair extraction. 


In general, the percentage of the ion-pair extraction, P ,  is given by: 


and: 


or by combining Eqs. 12 and 2: 


where D is the partition ratio of the fluorouracil monoanion between the 
organic and aqueous phases, and Vaq/Vorg is the ratio of the volumes of 
the aqueous phase to the organic phase. 


The extraction is considered quantitative when P numerically equals 
99%. Thus, in the present study where the ratio Vaq/Vo, = 1.00, D should 
be 100. By using Eq. 13 (rearranged for the conditional extraction con- 
stant E*) and simplifying for approximating actual and theoretical 
counterion concentrations in the aqueous phase (CQ:, = [Q+Iaq), Eq. 10 
(which takes into account the only side reaction observed) can be writ- 
ten: 


where CQ;, is the actual concentration of the tetrapentylammonium 
counterion in the aqueous phase. Plotting the experimental points for 
the first series (Table I) according to Eq. 14 (the reciprocal of the partition 


3.0 


2. a 
E 
5 
q 
N 


1.c 


0. c 
1 


2 3 4  5 
ELUTION VOLUME, r n l  


Figure I-Elution pattern of fluorouracil with column ion-pair ex- 
traction. 
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Although the quantitative ion-pair extraction of fluorouracil in the 
concentration range of 0.1-10 pg/ml was feasible, combining the ion-pair 
extraction with GLC was not succeeaful. In fact, extractive methylation, 
i.e., simultaneous extraction and methylation of the fluorouracil mo- 
noanion in the ion-pair form, produced chromatograms wherein the 
N,N'-dimethyl derivative of fluorouracil was overlapped by multiple 
interfering peaks originating from irreproducible thermal degradation 
reaction(s) of the residual counterion (tetrapentylammonium or tet- 
rahexylammonium cation) in the organic phase. An attempt was made 
to solve this problem by purification of the N,N'-dimethyl derivative 
through selective extraction with ether (12) and by column chromatog- 
raphy on magnesium silicate9 (13), aluminalO, or a cation-exchange 
resin11. None of these approaches gave satisfactory results. This funda- 
mental problem has been recognized (14,15), and it may be the major 
reason that the combination of ion-pair extraction with GLC has not been 
utilized. I I I I I I 


5 10 15 20 25 30 
MINUTES 


Figure 2-Plasma fluorouracil concentration ( I  g iu total amount) in 
10 cancer patients. 


ratio l/D as a function of the concentration of the tetrapentylammonium 
counterion in the aqueous phase CQ;,) afforded a straight line, estab- 
lishing that, for D = 100, C Q ~  should be about 1 M. However, the highest 
counterion concentration that could be prepared was about 0.15 M. Thus, 
the water solubility of tetrapentylammonium hydrogen phosphate is 
insufficient to meet the necessary 1 M calculated value. Therefore, as 
follows from Eq. 11, the unique sotution of this problem was to increase 
the ratio of volumes employed, V,,&',,. 


This solution was realized by adsorbing an aliquot of aqueous sample, 
buffered at  pH 10 and containing the fluorouracil monoanion, with an 
excess of the tetrapentylammonium counterion onto an adsorbent such 
as cellulose. The mixture was packed in a glass column, and the ion-pair 
HFU-Q+ eluted with the necessary volume of dichloromethane. Figure 
1 shows the elution pattern of fluorouracil a t  an initial concentration of 
100 pg/ml; all fluorouracil was recovered in the first 5 ml of dichloro- 
methane. 


Recovery studies were performed by preparing a blank plasma pool 
to which fluorouracil was added, covering the range of 0-100 pg/ml. Each 
sample, i.e., 0,10,20,30,40,50,60,80, and 100 pg/ml, was taken through 
the complete procedure three times. The recovery as calculated from all 
results was 99.6 f 0.6%, but appreciable absorbance values (up to 0.500) 
were measured for the blank sample. These values were due to uniden- 
tified interferences from cellulose (that could not be removed entirely 
prior to analysis) or-from compounds coextracted from plasma. This re- 
sult, together with the low molecular absorptivity of fluorouracil, set the 
detection limit of the ion-pair column extraction method a t  about 10 
pglml of plasma. 


To demonstrate the applicability of the ion-pair column extraction to 
blood samples, 1 g of fluorouracil was administered intravenously to 10 
cancer patients. A t  1, 2.5, 3.5, 5, 10, 15, 20, and 30 min after injection, 
blood samples were collected. Results of the analysis of each plasma 
sample are presented as a mean plasma level curve in Fig. 2. The fluo- 
rouracil concentration leveled off rapidly, from more than 100 pg/ml (at 
1 min) to about 10 pg/ml (at 30 min) with a biological half-life of 9 min. 
These data correspond to those reported earlier (3,4). The determination 
of plasma fluorouracil levels below 10 pg/ml is an analytical problem 
currently being investigated. 
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Determination of Acenocoumarol in Plasma and Urine by 
Double Radioisotope Derivative Analysis 


Y. Le ROUX“ and J. RICHARD 


Abstract 0 Acenocoumarol, to which a ‘*C-labeled internal standard 
has been added, is extracted at  pH 4 into ethyl acetate-heptane (2080 
v/v), back-extracted into aqueous sodium hydroxide solution after solvent 
washing with a pH 7 buffer, and reextracted after acidification in the 
solvent mixture. It is then acetylated with 3H-acetic anhydride. The 
acenocoumarol acetyl derivative is separated from the metabolite de- 
rivatives by TLC, and its radioactivity is measured. The method is spe- 
cific and sensitive to a concentration of 8 ng/ml. 


Keyphrases AcenocoumarolAouble radioisotope derivative analysis, 
plasma and urine 0 Radiochemistry-double radioisotope derivative 
analysis of acenocoumarol in plasma and urine 0 Anticoagulants-ace- 
nocoumarol, double radioisotope derivative analysis in plasma and 
urine 


Acenocoumarol (I) is an oral coumarin anticoagulantl. 
It is analyzed in biological fluids using the O’Reilly et al. 
(1) method. This technique was originally developed for 
the determination of another coumarin anticoagulant, 
warfarin, which was then administered in much higher 


doses than acenocoumarol. It is a simple UV absorption 
assay, performed after solvent extraction; its sensitivity 
is limited to 1 pg/ml, and its specificity has not been veri- 
fied. Nevertheless, it has been used for the determination 
of acenocoumarol(2). Two other methods, neither of which 
is more sensitive, also were reported (3, 4). Recently, a 
fluorometric assay after TLC was reported that is more 
sensitive (0.2 pg/ml) (5). 


The metabolism of acenocoumarol was only recently 
elucidated2. Several metabolites were found: 3- [a-(4’- 
aminophenyl)-/3-acetylethyl]-4-hydroxycoumarin (III), 
3-[a-(4’-acetamidophenyl) -p- acetylethyl] -4- hydroxy- 
coumarin (IV), two diastereoisomers of the alcohol 3-[a- 
(4’-nitrophenyl)-y-hydroxybutyl]-4-hydroxycoumarin (V), 
3-[a-(4’-nitrophenyl)-/3-acetylethyl] -4,7- dihydroxycou- 
marin (VI), and 3-[a-(4’-nitrophenyl)-/3-acetylethyl]- 
4,6-dihydroxycoumarin (VII). 


All attempts to elaborate a GLC procedure for aceno- 


1 Sintrom, Ciba-Geigy. 2 W. Dieterle et al., to be published. 
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coumarol were unsuccessful; one of the two alcohol me- 
tabolites (V) could never be separated from the unchanged 
drug. Therefore, a specific method of determination was 
developed based on the principle of double radioisotope 
derivative analysis (6). After the addition of I4C-labeled 
internal standard, acenocoumarol was extracted and then 
acetylated with 3H-acetic anhydride (Scheme I). The 
acetyl derivative (11) was separated from the acetyl de- 
rivatives of the metabolites by TLC, and its radioactivity 
was measured. 


EXPERIMENTAL 


Reagents-Sodium hydroxide (2 X N ,  11.76 fig/ml) and a 
methanolic solution of 14C-acenocoumaroP (20 pCi/mg) were used. 
:'H-Acetic anhydride4 (100 mCi/mmole) was diluted in freshly dried 
heptane to give a concentration of 1 pmole/50 pl. 


This solution was stored in 2-ml portions in sealed glass ampuls at 4'. 
"-Maprotiline3 (65 pCi/mg) methanolic solution (944 ng/ml) was used 
to determine the 3H-channel ratio. 


Dioxane was distilled over lithium aluminum hydride and stored in 
glass ampuls sealed under nitrogen at  4O. 


All other reagents were analytical grade5,6. Buffers, pH 4 and 76, were 
used in fourfold concentrations. 


Materials-Radiochemical measurement was performed by means 
of a liquid scintillation spectrometer7; the scintillator used was 2-(4- 
t e r t -  butylpheny1)-5-(4-biphenyl)-1,3,4-oxadiazole3 (0.8% toluene solu- 
tion). 


Extraction-Plasma or urine (2 ml), 1 ml of aqueous 14C-aceno- 
coumarol(58.8 ng/ml), 2 ml of pH 48 citrate buffer, and 10 ml of solvent 
mixture [ethyl acetate-heptane (20530 v/v)] were introduced into conical 
polypropylene tubes with screw caps. These tubes were vigorously shaken 
for 15 min and then centrifuged at  3500 rpm for 10 min. The organic 
phase was transferred with a Pasteur pipet into 10-ml glass ampuls 
containing 1 ml of pH 78phosphate buffer. Each ampul was closed with 
a polyethylene cap, shaken for 15 min, and centrifuged at  2000 rpm for 
10 min. 


The organic phase was transferred into 10-ml glass ampuls containing 
0.5 ml of 1 N NaOH; these ampuls were then closed, shaken, and cen- 
trifuged. The organic phase was discarded, and 0.7 ml of 1 N HzS04 and 
5 ml of solvent mixture were added to the basic phase. Again the ampuls 
were closed, shaken, and centrifuged. The organic phase was then 
transferred into 5-ml glass ampuls, which were closed with polyethylene 
caps and stored overnight a t  4'. On the following day, the ampuls were 
placed in a thermostat bath a t  40', and the solvent was removed with a 
nitrogen flow. Thereafter, they were kept in a vacuum desiccator for 1 
hr. 


Acetylation-Dioxane (100 pl) and 50 pl of 3H-acetic anhydride (1 
pmole or 100 pCi) in heptane solution were added to the evaporation 


3 Ciba-Geigy, Bade, Switzerland. 
Commissariat a I'Energie Atomique, Gif-sur-Yvette, France. 
Mallinckrodt, Wesel, West Germany. 
Merck A. G., Darmstadt, West Germany. 
Model 3385, Packard Instrument Co. 
Titrisol, Merck. 


Table I-Assay of Unknown Solutions 


Concentra- 95% 
Acenocoumarol tion Confi- 


Introduced, Found, dence SE, 
ng/ml ng/ml SD Interval % 


Plasma 4.02 3.7 (n  = 6) 0.97 2.63-4.69 10.9 
8.04 8.4 (n  = 7) 0.99 7.52-9.36 4.45 


40.24 41.5 ( n  = 3) 1.97 36.62-46.43 2.74 


Urine 30.18 32.0 (n  = 6) 2.68 29.24-34.78 3.36 
80.48 82.7 (n = 3) 1.64 78.65-86.71 1.14 


50.30 53.5 (n  = 7) 2.56 51.15-55.90 1.80 
Aqueous 30.18 33.2 (n  = 5) 1.43 31.45-35.02 1.93 


solution 60.36 61.1 (n  = 6) 1.47 59.58-62.68 0.98 


residue. The ampuls were closed with polyethylene caps, heated at  60° 
for 1 hr, and then opened. The acetic anhydride, dioxane, and heptane 
were evaporated by heating at  50' for 10 min and sucking off the vapors 
with a water aspirator (the aspirated air was passed through two wash 
bottles containing concentrated sodium hydroxide). Then 2 ml of hep- 
tane-ethyl acetate (80:20 v/v) and 1 ml of pH 4 buffer were added, and 
the ampuls were shaken for 15 rnin and then centrifuged at  2000 rpm for 
10 min. The organic phase was transferred into 2-ml glass ampuls, and 
the solvent was removed a t  40" with a nitrogen flow. The ampuls were 
kept in a vacuum desiccator overnight. 
TLC Purification-A diluted solution (50 pl) of unlabeled aceno- 


coumarol acetyl derivative and unlabeled V acetyl derivatives in chlo- 
roform were added to the residue and spotted on a silica gel F2546 thin- 
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Figure 1-Extraction of acenocoumarol from 2 ml of its plasma solution 
( I  17.6 nglml) into 10 ml of heptane-ethyl acetate (80:20) at different 
pHS. 


layer plate. Each ampul was rinsed with 50 pl of chloroform, which also 
was spotted on the plate. The chromatogram was developed in the first 
dimension with petroleum ether-acetone (14060 v/v) and then in the 
second dimension with benzene-ethyl acetate (14060 v/v) to about 2 cm 
from the edge of the plate. 


Radiochemistry-Each plate was examined under a UV lamp (254 
nm), and the spots were outlined with a pencil. The plate was cut close 
to the spot of acetylated acenocoumarol, which was scraped into a 
counting vial. Then 200 gl of methanol and 20 ml of scintillator solution 
were added. Four "blank" counting samples, four 3H-standard samples 
(125.9 ng of 3H-maprotiline in methanol), and four I4C-standard samples 
(58.8 ng of 14C-acenocoumarol in methanol) were counted together in a 
liquid scintillator spectrometer with a discriminator setting for simul- 
taneous counting of tritium and carbon-14. 


Data Processing-The calculation program subtracted the plasma 
or urine blanks from the 3H-counts and then calculated a linear regression 
from the known concentrations and g (3H - 100% cpm/ml of plasma or 
urine) (6, 7) before calculating the unknown concentrations from the 
linear regression. 


The linear regression must be checked for each series of analyses from 
several concentrations (4 X 4) in the range expected for the study. 


RESULTS AND DISCUSSION 


Extraction-Acenocoumarol (I) was extracted only at  acid pH (Fig. 
1). After extraction, the solvent was washed to remove some plasma im- 
purities extracted from the acid solution. It was then very important to 
have 1 ml of pH 7 buffer and 10 ml of organic phase (volume of organic 
phase/total volume = 10/11 = 0.9), because at  pH 7 the solubility of I in 
the organic phase depended on the relative volumes of the organic and 
aqueous phases. When the ratio decreased, the solubility of 1 in the or- 
ganic phase also decreased. 


2- 
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2 
U + z 
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0 z 
0 
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0 48 
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Figure &-Plasma concentrations of acenocoumarol as a function of 
time after the oral administration of a single dose of 8 m g  to humans. 


Under the described conditions, I was satisfactorily extracted from 
plasma over a large range of concentrations (70-7536 extraction). 


Acetylation-Acenocoumarol was acetylated under the same exper- 
imental conditions as maprotiline (6). The overall yield (e 20-30% after 
thin-layer purification) was not improved by the addition of pyridine. 
The elemental analysis and mass spectrum of I1 corresponded to those 
of the monoacetylated compound. 


Calibration Curves-Several known concentrations of I were pre- 
pared in plasma, urine, or water. After extraction and derivatization, the 
values of g (3H - 100% cpm/ml) were calculated, and a linear regression 
was obtained from known concentrations and g.  For plasma: 


3H - 100% cpm/ml = 107.72 X concentration (ng/ml) 
+ 2,871.4 r = 0.999 (Eq. 1) 


For urine: 
3H - 100% cpm/ml = 83.33 X concentration (ng/ml) 


+ 2,662.6 r = 0.997 (Eq. 2) 


For the aqueous solution: 


3H - 100% cpm/ml = 88.43 X concentration (ng/ml) 
+ 2,024.6 r = 0.997 (Eq. 3) 


The slopes of the calibration curves were different because the :3H- 
acetic anhydride solutions were not the same for plasma as for urine and 
the aqueous solution. 


Sensitivity and Accuracy-Good determinations could be obtained 
in plasma to 8 ng/ml with a 95% confidence interval from 7.5 to 9.4 (* 
11%) and a standard error percent of 4.45 for n = 7 (Table I). 


Specificity-TLC purification of I1 was elaborated to avoid any in- 
terference of metabolites and their acetyl derivatives. Figure 2 shows that 
a satisfactory separation was achieved. The described method was verified 
in the presence of each metabolite except VII, which was not available. 
None of these metabolites interfered. Owing to their close structural 
relationship, VII should behave similarly to VI and should also not in- 
terfere with 11. Therefore, the method can be considered specific for the 
analysis of plasma samples. 


It also can be considered specific for urine, after verification for VII, 
but practically no further acenocoumarol was found in urine after ad- 
ministration of a 12-mg dose2. 


Application in Pharmacokinetic Study9-Acenocoumarol (8 mg) 
was administered to one healthy volunteer. Before administration and 
at specified times after administration (0.5,1,1.5,2,2.5,3,4,6,8,24, and 
48 hr), 10-ml blood samples were collected in heparinized tubes. After 
centrifugation, the plasma was immediately deep frozen and kept at -20' 
until analysis. The determinations were made in duplicate (Fig. 3). 
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9 To be published. 
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Effect of Sleep on Bioavailability of Tetracycline 


JOSEPH ADIR and WILLIAM H. BARR * 


Abstract The effect of sleep on the bioavailability of tetracycline was 
studied using 250-mg tetracycline hydrochloride capsules from two 
commercial sources. One capsule of each brand was given to each of 12 
healthy volunteers on two separate occasions. On one occasion, the subject 
ingested the drug upon arising in the morning and remained ambulatory 
(ambulatory trial). On the other, the subject awakened during the night, 
ingested the capsule, and resumed sleep (sleep trial). Bioavailability was 
assessed from the cumulative amount of drug excreted in the urine during 
the 96 hr following drug intake. While there was no significant difference 
in the bioavailability of one brand between the ambulatory and sleep 
trials, the bioavailability of the other decreased an average 27% ( p  < 0.01) 
in the sleep trial. Also, the difference between the bioavailability of the 
two preparations was not discernible in ambulatory subjects, but it was 
statistically significant ( p  < 0.05) in the sleep trial. The impaired bio- 
availability appears to result from decreased dissolution of one brand in 
the high gastric pH occurring at night. These findings raise questions as 
to the predictability of bioavailability studies in ambulatory subjects 
relative to the actual use of drug products, which are frequently admin- 
istered during conditions of bed rest or sleep. 


Keyphrases Tetracycline-bioavailability, different commercial 
capsules, effect of sleep, humans Bioavailability-tetracycline, dif- 
ferent commercial capsules, effect of sleep, humans Sleep-effect on 
bioavailability of tetracycline, different commercial capsules, humans 


Antibacterials-tetracycline, bioavailability, different commercial 
capsules, effect of sleep, humans 


The pharmacokinetics and pharmacodynamics of sev- 
eral drugs including sulfonamides, penicillin, streptomy- 
cin, griseofulvin, minocycline, indomethacin, and levodopa 
(1-8) may be subject to diurnal variations and may display 
considerable dependency on changes in the posture and 
state of wakefulness. Observed changes in blood drug 
levels, urinary excretion, and pharmacological effects 
generally were attributed to changes in distribution or 
elimination. However, decreased systemic availability 
would also provide a reasonable explanation for some ob- 
served results. 


Gastric pH increases at night (9), and body position may 
greatly affect gastric emptying (10). These changes might 
significantly affect the absorption of some drugs, such as 
tetracycline, whose dissolution is pH dependent. Ab- 
sorption of tetracycline from solid dosage forms is de- 
pendent upon rapid dissolution in acidic gastric fluids and 
subsequent gastric emptying of dissolved drug into the 
upper small intestine where absorption occurs (11-15). 


The solubility and dissolution rate of tetracycline are 
much smaller a t  duodenal pH (4-5) than gastric pH (1-3), 


which would result in the decreased absorption of products 
that are incompletely dissolved in gastric fluids when 
emptying occurs (14, 15). Furthermore, decreased ab- 
sorption of tetracycline from solid dosage forms occurs 
when gastric pH is increased. Concomitant administration 
of sufficient sodium bicarbonate to increase the gastric pH 
to 4-5 resulted in a 50% decrease in the bioavailability of 
tetracycline (14). In this study, tetracycline absorption in 
one individual who returned to sleep after drug ingestion 
was dramatically less than in all other subjects (14). 


These considerations prompted this study on the bio- 
availability of two tetracycline products in ambulatory and 
sleeping individuals. 


EXPERIMENTAL 


Twelve apparently healthy volunteers (11 males and one female) 
participated. Each subject was administered one capsule containing 250 
mg (labeled amount) of tetracycline hydrochloride with 200 ml of water 
either upon arising in the morning (ambulatory trial) or during the night 
(sleep trial). Two preparations, Brands A' and B2, containing the same 
labeled amount of the drug3, were used in each ambulatory and sleep trial, 
so that each subject participated in four separate trials. Brand A was 
tested first, and the trial condition was assigned randomly to the subjects 
by drawing lots. Then Brand B was ingested by all subjects in the sleep 
trial, followed by its administration to the subjects while ambulatory. 
A t  least 2 weeks separated each trial. 


In the ambulatory trial, the drug was ingested in the morning between 
800 and 9:00 am following an overnight fast. No food was allowed for a t  
least the next 4 hr, and the subjects remained ambulatory for the rest of 
the day. In the sleep trial, the subjects were instructed to awaken at  about 
the midpoint of their sleeping time, ingest the capsule, and directly re- 
sume sleep. Breakfast was taken upon arising in the morning, after which 
the subjects remained ambulatory. The average sleeping time was 6-8 
hr, and the drug was ingested a t  about 4:OO am. Therefore, in both trials, 
f'ood was withheld for at least 4 hr before and after drug ingestion. 


No attempt was made to control the composition of the meal of the 
evening before or the day after drug administration, except that milk and 
dairy products were strictly forbidden on the 1st day of the study. No .  
other medication was allowed for a t  least 7 days before and throughout 
the study. Immediately before taking the drug, the subjects voided 
completely, and this sample was saved and used as the urine blank 
sample. Urine was collected every hour for the first 8 hr after drug in- 
gestion in the ambulatory trial or upon arising in the sleep trial and then 


' Lot 202-101, Lederle Labs, Pearl River, N.Y. 
Lot 29/G, Gvma Lab.. Forest Hills. N.Y. :' Chemical assay indicated that the'amounts of drug present in Brands A and 


B were 262 and 258 mg, respectively. 
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Figure 1-Nitrofurantoin solubility in aqueous pyridoxine hydro- 
chloride solutions at pH 3 and 5 at 37”. 


lutions were then filtered3 (0.45-pm pore size), and the 
filtrate was diluted with deionized distilled water to a 
proper concentration (40-100 mg/liter) for spectropho- 
tometric assay using the method of Conklin and Hollifield 
(1). A t  least three experimental runs were made for each 
test medium. 


Figure 1 shows the effect of pyridoxine hydrochloride 
on nitrofurantoin solubility at two pH values. The addition 
of pyridoxine hydrochloride significantly increased ni- 
trofurantoin solubility, and this increase was linearly de- 
pendent on the pyridoxine concentration. The higher 
initial solubility of nitrofurantoin in pH 3 solution than in 
pH 5 solution (no pyridoxine) agrees with earlier studies 
(2), and this trend of higher solubility was maintained for 
the experimental concentration range of pyridoxine hy- 
drochloride. 


Mattheus and Heise (3) reported that the nitrofurantoin 
concentration in urine during simultaneous administration 
in humans of pyridoxine (up to 100 mg) was increased on 
an average of 62%. They suggested that pyridoxine might 
increase nitrofurantoin absorption through the gut and 
also proposed possible effects on kidney filtration, plasma 
protein binding, and metabolic processes. Our data indi- 
cate that the relatively small amount of pyridoxine hy- 
drochloride (100 mg) might increase slightly nitrofurantoin 
solubility in the gut if the two drugs are given simulta- 
neously; however, this increased solubility could not ac- 
count for the higher nitrofurantoin concentrations re- 
ported in the urine. 


Any interaction between pyridoxine and nitrofurantoin 
molecules in solution could not be detected by spectral 
analysis including difference spectroscopy. Surface tension 
measurements indicated that pyridoxine hydrochloride 
had negligible surface activity. 


Further investigations are being conducted in these 
laboratories to determine the effect ef pyridoxine hydro- 
chloride and pyridoxine derivatives on the solubility of 
other drugs and to elucidate the mechanism(s) of action 
of this solubilization phenomenon. 


(1)  J .  D. Conklin and R. D. Hollifield, Clin. Chem., 11,925 (1965). 


3 Millipore. 


(2) L. K. Chen, D. E. Cadwallader, and H. W. Jun, J.  Pharm. Sci., 65, 


(3) A. Mattheus and H. Heise, Dtsch. Ges. Wesen, 28,716 (1973). 
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Cannabis satiua L. (Marijuana) IX: 
Lens Aldose Reductase Inhibitory 
Activity of Marijuana Flavone C-Glycosides 


Keyphrases Cannabis satiua-three flavone C-glycosides isolated, 
effect on rat lens aldose reductase evaluated 0 Flavone C-glycosides, 
various-isolated from Cannabis satiua, effect on rat lens aldose re- 
ductase Marijuana flavonoidss-various flavone C-glycosides, effect 
on rat lens aldose reductase 0 Aldose reductase, rat lens-effect of three 
flavone C-glycosides isolated from Cannabis satiua 


To the  Editor: 
Pursuant to ongoing studies (1) dealing with the isola- 


tion and characterization of biologically active substances 
from Cannabis satiua L. (marijuana), we recently isolated 
and elucidated the structures of one known and two new 
flavone C-glycoside compounds from the aerial parts of a 
Mexican strain of marijuana1. The known compound was 
orientin (I) and the new compounds, named flavocanna- 
biside (11) and flavosativaside (III), corresponded to ori- 
entin-2”-0-/3-D-glucopyranoside and vitexin-2”-0-/3-D- 
glucopyranoside, respectively2. 


A recent report (2) indicated that certain flavonoids 
were potent inhibitors of lens aldose reductase, an enzyme 
that has been implicated in the pathogenesis of cataracts 
in humans suffering from diabetes and galactosemia. In 
that report, eight flavonoids representing a limited number 
of flavonoid types were studied one flavanone (hesperitin), 
two flavones (quercetin and morin), four flavonol glyco- 
sides [quercitrin (IV), myricitrin, rutin, and robinin], and 
one isoflavone (2-carbethoxy-5,7-dihdroxy-4’-methoxy- 
isoflavone). Quercitrin, quercetin, and myricitrin were 
found to be more potent than two of the previously known 
aldose reductase inhibitors, tetramethyleneglutaric acid 
and 1,2-dioxo-1H-benz[de]isoquinoline-2(3H)-acetic acid. 
However, since no flavone C-glycosides were included in 
that study, it was considered worthwhile to evaluate the 


The plant material used was the air-dried flowering tops of female plants grown 
for 14 weeks and harvested at the University of Mississippi during the 1971 season. 
This material was identified as Cannabis satiuo L. (Cannahaceae) by Dr. Maynard 
W. Quimby, Department of Pharmacognosy, University of Mississippi. A voucher 
specimen representing material (Batch 10-CMF-71-CT-72) collected for this in- 
vestigation is available for inspection at the Herbarium, Department of Pharma- 
co nosy, University of Mississippi. 


To be published. 
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Table I-In Vitro Inhibition of Rat Lens Aldose Reductase 
by Various Substances 


Inhibitiona, % 


Inhibitor 10-4 M M 10-6 M 10-7 M 


Total crude flavonoid fraction 74 31 0 0 
Flavocannabiside 40 10 0 0 
Flavosativaside 35 0 0 0 
Orientin 90 82 45 0 
Quercitrin 100 95 88 55 


Q Percentage of inhibition of the aldose reductase activity when com- 
pared with controls containing no inhibitors. 


three isolated marijuana flavone C-glycosides as potential 
lens aldose reductase inhibitors. 


In the present study, 1-111 as well as the total crude 
flavonoid fraction from which they were isolated were each 
tested for inhibitory activity against a partially purified 
rat lens aldose reductase enzyme according to previously 
reported methods (3). Each substance.was tested four to 
six times; the results shown in Table I represent mean 
values. The standard deviation of the results was less than 
5%. 


The C-diglycosylflavones I1 and 111 were relatively weak 
inhibitors. The C-monoglycosylflavone I proved to be 45% 
inhibitory at  10-6 M and compared favorably with the 
flavonol glycoside IV, which caused a 55% inhibition at 


Work is underway to determine the inhibitory effect of 
I on aldose reductase in a rat lens organ culture assay (41, 


10-7 M .  
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and studies using additionally isolated marijuana flavo- 
noids are anticipated3. 


(1) A. B. Segelman, R. D. Sofia, F. P. Segelman, J. J. Harakal, and L. 
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3 Added in proof: The following recent reports describe further work dealing with 
diabetic cataracts and flavonoids: S. D. Varma and J. H. Kinoshlta, Blochem. 
Pharmacol., 25,2505 (1976); S. D. Varma, A. Mizuno, and J. H. Kinoshita, Science, 
195,205 (1977). 


Use of In Vitro Dissolution Data to 
Predict Plasma Drug Profiles 


~ 


Keyphrases 0 Plasma time profiles-predicted from in uitro dissolution 
data, validity evaluated 0 Dissolution rates, in oitro-used to predict 
plasma time profiles, validity evaluated 


To the Editor: 
Recently, Vaughan and Leach (1) discussed a simple 


method for predicting plasma time profiles from in uitro 
dissolution data. Basically, their method is to relate the 
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Antitumor Agents XXIII: Helenalin, an Antitumor 
Principle from Anaphalis rnorrisonicola HAY. 


KUO-HSIUNG LEE *x, MITSUMASA HARUNA *, 
HUAN-CHANG HUANG *, BI-SHIA WU *, and IRIS H. HALL * 


Abstract 0 A chloroform extract of the whole plant of Anaphalis mor- 
risonicola HAY. showed significant antitumor activity against Ehrlich 
ascites carcinoma, Walker 256 carcinosarcoma, and P-388 lymphocytic 
leukemia. Systematic fractionation of the extract led to isolation and 
characterization of helenalin, a pseudoguaianolide, as the major active 
principle. 


Keyphrases 0 Helenalin-isolated from whole plant chloroform extract 
of Anaphalis morrisonicola Anaphalis morrisonicola-whole plant 
chloroform extract, antitumor activity evaluated, helenalin isolated 
Antitumor activity-whole plant chloroform extract of Anaphalis 
morrisonicola evaluated 


In the continuing search among Formosan plants for 
new potential antitumor agents (l), the chloroform extract 
of the whole plant of Anaphalis rnorrisonicola HAY. (2) 
(Compositae), a hitherto uninvestigated species, showed 
significant inhibitory activity. This paper reports the 
isolation and characterization of the major active con- 
stituent of this extract, which was identified as helenalin 
(I). In v i m  antitumor activity was assayed by using liter- 
ature methods (3, 4). Previously, helenalin a t  33.3 mg/ 
kg/day caused 99% inhibition of Ehrlich ascites cell 
growth'; at 2.5 mg/kg/day, it produced significant (T/C 2 
125%) inhibitory activity against the growth of Walker 256 
ascites carcinosarcoma in rats (T/C = 316%); and a t  25 
mg/kg/day, it inhibited P-388 lymphocytic leukemia' (T/C 
= 127%). 


DISCUSSION 


The extraction of the active principles was carried out according to the 
procedure described previously (5). The final chloroform extract of the 
active crude preparation was separated further by silica gel column 
chromatography. Each fraction (C-H) was subsequently tested in uiuo 
for antitumor activity (Ehrlich ascites carcinoma) and led to the isolation 
of the active principle, I, in 0.00032% yield. Compound I was obtained 
as colorless needles by preparative TLC followed by recrystallization from 
benzene (mp 170-173' and empirical formula C15Hp~04). 


Compound I exhibited IR bands a t  3450 (OH), 1765 (7-lactone), and 
1710 (cyclopentenone) cm-' and NMR signals at 6 0.98 (3H, s, C5-CH3), 


He), 5.85 (IH, d , J  = 3, H13),6.09 (1H, dd, J = 6,3, H3). and 7.77 (lH, dd, 
J = 6,1.5, H2) ppm. The correspondence of the properties of this com- 
pound with those described in the literature (6) and its mixed melting- 
point and TLC determinations, as well as superimposable IR and NMR 
spectra, established its identity as helenalin, a pseudoguaianolide isolated 


1.28(3H,d,J=6,C10-CH3),4.45(1H,d,J=4.5,Hg),5.00(1H,t,J=6, 


Table I-Effects of Fractions from A. morrisonicola on 
Inhibition of Ehrlich Ascites Tumor Growth 


Survival Volume, Inhibition, 
Fraction at  Day 7 ml Ascitocrit % 


- 0.05% Polysorbate 616 2.33" 37.0a 
control 


A 516 1.54 12.8 77.0 
B 616 1.92 37.0 18.0 ~ 


C 
D 
E 
F 
G 


616 1.18 39.0 47.0 
616 1.67 45.0 13.0 
616 1.00 26.0 70.0 
516 0.04 10.0 99.5 
616 1.82 36.0 24.0 


H 616 2.51 36.0 0.0 


Standard deviation on the control ascitocrit was 7.8; on the volume, it was 
1.2. 


previously from Helium autumnale (7), H. microcephalum (8), and 
Balduina angustifoh (6). 


The structural requirement for the significant antitumor activity of 
helenalin (I) is the presence of an O=CC=CHz system as part of a ke- 
tone, such as a 0-unsubstituted cyclopentenone, or as part of a lactone, 
such as an a-methylene-y-lactone, as previously postulated by extensive 
structure-activity relationship studies (9-11). Further studies on the 
mechanisms of action of helenalin are in progress'. 


EXPERIMENTAL2 


Extraction of A. morrisonicola HAY.-The A. morrisonicola was 
collected in Mt. Ho-Fan, Nan-Tau Shen, Taiwan3, during September 
1975. The ground, air-dried, whole plant material (2.5 kg) was extracted 
with chloroform a t  room temperature, yielding, after removal of the 
solvent, a thick green-black tar (Fraction A). This fraction showed 77% 
inhibition of Ehrlich ascites tumor growth and T/C = 193% inhibition 
against Walker 256 ascites (survival system) carcinosarcoma. 


Fraction A was shaken with a mixture of methanol (1.5 liters), hexane 
(1.5 liters), and water (0.5 liter). The hexane layer was not investigated 
further since i t  caused only 18% inhibition of Ehrlich ascites tumor 
growth. The aqueous layer was concentrated in U ~ C U O  and extracted with 
chloroform. The chloroform extract, upon evaporation, yielded 14.7 g of 
a dark-brown syrup. 


Isolation of Helenalin (1)-The syrup was chromatographed on silica 
gel (6 X 70 cm) with elution with 1 liter of hexane-benzene (1:l) (Frac- 
tions C and D, 500 ml each), 500 ml of chloroform (Fraction E), and 3.5 
liters of 0.5% methanol-chloroform (Fractions F-H). As seen in Table 
I, the active principles were concentrated in Fraction F (99.5% inhibition), 


See I. H. Hall, K.  H. Lee, E. C. Mar, C. 0. Starnes, and T. G. Waddell, J.  Med. 
Chern., 20,333 (1977). 


Unless otherwise specified, melting points were determined on a Thomas- 
Hoover melting- oint apparatus and are corrected. IR spectra were determined 
in chloroform witR a Perkin-Elmer 257 grating IR spectrophotorneter. NMR spectra 
were measured in CDC13 with a Jeolco C 60 HL NMR spectrometer, using tetra- 
metbylsilane as an internal standard. Silica gel for column chromatography refers 
to EM silica gel 60; silica gel for TLC and preparative TLC refers to Merck silica 
gel G and EM silica gel GF-254, respectively. The plates were developed with 
chloroform-acetone (3:l) and visualized by spraying with concentrated sulfuric 


I 


acid and heating. 
Collected and identified by H.-C. Huang. A voucher specimen was deposited 


at the Herbarium of the Department of Botany, School of Pharmacy, Kaohsiung 
Medical College, Taiwan, Republic of China. 
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which gave a major single fluorescent spot on TLC under UV light to- 
gether with traces of five nonfluorescent components. Subsequent iso- 
lation of this single fluorescent spot by preparative TLC led to a crys- 
talline residue, which was recrystallized from benzene to yield colorless 
needles (8 mg), mp 170-173”. The identity of this compound with an 
authentic sample of helenalin (I) was established by TLC, IR, and NMR 
spectroscopic comparisons and by mixed melting-point determina- 
tion. 
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Polyamine Metabolism 11: N -  (Monoaminoalkyl) - and 
N-  (Polyaminoalky1)acetamides in Human Urine 


MAHMOUD M. ABDEL-MONEM” and KOSEI OHNO 


Abstract TLC and high-pressure liquid chromatographic examination 
of the dansyl derivatives obtained from human urine indicated the 
presence of N- [3- [(4-aminobutyl)amino]propyl]acetamide (Nl-acetyl- 
spermidine), N- [4-[(3-aminopropyl)amino]butyl]acetamide (Ns- 
acetylspermidine), N-(4-aminobutyl)acetamide (N-acetylputrescine), 
and N- (5-aminopenty1)acetamide (N-acetylcadaverine). The ratio of 
N’- to Ns-acetylspermidine ranged from 10.3 in the urine of a patient 
with hepatoma to 1.1 in the urine of a normal subject, The three cancer 
patients had a considerably higher ratio of N1- to Ns-acetylspermidine 
than did the three normal subjects. These findings indicate that the ratio 
of N1- to N8-acetylspermidine in the 24-hr urine may serve as a bio- 
chemical marker for cancer. 


Keyphrases Polyamines-N- (monoaminoalky1)- and N- (polyami- 
noalkyl)acetamides, dansyl derivatives, TLC and high-pressure liquid 
chromatographic analysis, human urine N- (Aminoalky1)acetamides 
-dansyl derivatives, TLC and high-pressure liquid chromatographic 
analysis, human urine 0 Dansyl derivatives-N- (monoaminoalky1)- and 
N- (polyaminoalkyl)acetamides, TLC and high-pressure liquid chro- 
matographic analysis, human urine TLC-analysis, dansyl derivatives 
of N- (monoaminoalky1)- and N-(polyaminoalkyl)acetamides, human 
urine High-pressure liquid chromatography-analysis, dansyl deriv- 
atives of N- (monoaminoalky1)- and N-(polyaminoalkyl)acetamides, 
human urine 


The diamine 1,4-butanediamine (putrescine) (I) and 
the polyamines N-(3-aminopropyl)-1,4-butanediamine 
(spermidine) (11) and N,N’- bis(3-aminopropyl)-l,4-b~- 
tanediamine (spermine) (111) are excreted in human urine 
mainly in the form of conjugates which produce the free 
amines after hydrolysis (1). N-  (4-Aminobuty1)acetamide 
(N-acetylputrescine) (IV) was identified in the urine of 
normal subjects (2), and N -  (5-aminopenty1)acetamide 
(N-acetylcadaverine) (V) was identified in the urine of 


RHN(CH2)” NH2 R H N ( C H Z ) ~ N H ( C H ~ ) ~ N H ~  


I: R = H, n = 4 11: R = H 
IV: R = CHBCO, n = 4 
V: R = CH3C0, n = 5 


VI: R = CH3CO 


HZN(CHZ)~NH(CHZ)~NH(CH~)~NHZ 
111 


CH&OHN(CH2)4NH( CH2)3NH2 
VII 


schizophrenic patients (3). N- [3-[(4-Aminobutyl)ami- 
no]propyl]acetamide (Nl-acetylspermidine) (VI), but not 
N -  [4- [ (3-aminopropyl)amino] butyllacetamide (N8-  
acetylspermidine) (VII), also was detected in urine of 
healthy children (4) and a patient with acute myelocytic 
leukemia (5). Recently, both VI and VII were identified 
in urine of normal subjects and cancer patients (6, 7). 


The present paper reports the determination of the ratio 
of VI to VII in the urine of normal subjects and cancer 
patients who had not received therapy. 


EXPERIMENTAL 


Extraction of Polyamines and  Conjugated Polyamines from 
Urine-Twenty-four hour urine samples were collected from three adults 
and one child as normal subjects and from three patients with diagnosed 
cancer (hepatoma, melanoma, and thyroid cancer) who had not received 
therapy. The urine was collected over toluene, kept refrigerated during 
collection, and stored a t  -2OO until analysis. 


An aliquot of urine (100 ml) was adjusted to pH 10-11 with 2 N NaOH 
(5 ml) and extracted with 2-methyl-l-butanol(4 X 50 ml). Nitrogen was 
bubbled through the organic solvent extract to remove ammonia. Con- 
centrated hydrochloric acid (5 ml) was added to the extract, and the 
mixture was evaporated to dryness in U ~ C U O  a t  45’. 
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Effect of Sleep on Bioavailability of Tetracycline 


JOSEPH ADIR and WILLIAM H. BARR * 


Abstract The effect of sleep on the bioavailability of tetracycline was 
studied using 250-mg tetracycline hydrochloride capsules from two 
commercial sources. One capsule of each brand was given to each of 12 
healthy volunteers on two separate occasions. On one occasion, the subject 
ingested the drug upon arising in the morning and remained ambulatory 
(ambulatory trial). On the other, the subject awakened during the night, 
ingested the capsule, and resumed sleep (sleep trial). Bioavailability was 
assessed from the cumulative amount of drug excreted in the urine during 
the 96 hr following drug intake. While there was no significant difference 
in the bioavailability of one brand between the ambulatory and sleep 
trials, the bioavailability of the other decreased an average 27% ( p  < 0.01) 
in the sleep trial. Also, the difference between the bioavailability of the 
two preparations was not discernible in ambulatory subjects, but it was 
statistically significant ( p  < 0.05) in the sleep trial. The impaired bio- 
availability appears to result from decreased dissolution of one brand in 
the high gastric pH occurring at night. These findings raise questions as 
to the predictability of bioavailability studies in ambulatory subjects 
relative to the actual use of drug products, which are frequently admin- 
istered during conditions of bed rest or sleep. 


Keyphrases Tetracycline-bioavailability, different commercial 
capsules, effect of sleep, humans Bioavailability-tetracycline, dif- 
ferent commercial capsules, effect of sleep, humans Sleep-effect on 
bioavailability of tetracycline, different commercial capsules, humans 


Antibacterials-tetracycline, bioavailability, different commercial 
capsules, effect of sleep, humans 


The pharmacokinetics and pharmacodynamics of sev- 
eral drugs including sulfonamides, penicillin, streptomy- 
cin, griseofulvin, minocycline, indomethacin, and levodopa 
(1-8) may be subject to diurnal variations and may display 
considerable dependency on changes in the posture and 
state of wakefulness. Observed changes in blood drug 
levels, urinary excretion, and pharmacological effects 
generally were attributed to changes in distribution or 
elimination. However, decreased systemic availability 
would also provide a reasonable explanation for some ob- 
served results. 


Gastric pH increases at night (9), and body position may 
greatly affect gastric emptying (10). These changes might 
significantly affect the absorption of some drugs, such as 
tetracycline, whose dissolution is pH dependent. Ab- 
sorption of tetracycline from solid dosage forms is de- 
pendent upon rapid dissolution in acidic gastric fluids and 
subsequent gastric emptying of dissolved drug into the 
upper small intestine where absorption occurs (11-15). 


The solubility and dissolution rate of tetracycline are 
much smaller a t  duodenal pH (4-5) than gastric pH (1-3), 


which would result in the decreased absorption of products 
that are incompletely dissolved in gastric fluids when 
emptying occurs (14, 15). Furthermore, decreased ab- 
sorption of tetracycline from solid dosage forms occurs 
when gastric pH is increased. Concomitant administration 
of sufficient sodium bicarbonate to increase the gastric pH 
to 4-5 resulted in a 50% decrease in the bioavailability of 
tetracycline (14). In this study, tetracycline absorption in 
one individual who returned to sleep after drug ingestion 
was dramatically less than in all other subjects (14). 


These considerations prompted this study on the bio- 
availability of two tetracycline products in ambulatory and 
sleeping individuals. 


EXPERIMENTAL 


Twelve apparently healthy volunteers (11 males and one female) 
participated. Each subject was administered one capsule containing 250 
mg (labeled amount) of tetracycline hydrochloride with 200 ml of water 
either upon arising in the morning (ambulatory trial) or during the night 
(sleep trial). Two preparations, Brands A' and B2, containing the same 
labeled amount of the drug3, were used in each ambulatory and sleep trial, 
so that each subject participated in four separate trials. Brand A was 
tested first, and the trial condition was assigned randomly to the subjects 
by drawing lots. Then Brand B was ingested by all subjects in the sleep 
trial, followed by its administration to the subjects while ambulatory. 
A t  least 2 weeks separated each trial. 


In the ambulatory trial, the drug was ingested in the morning between 
800 and 9:00 am following an overnight fast. No food was allowed for a t  
least the next 4 hr, and the subjects remained ambulatory for the rest of 
the day. In the sleep trial, the subjects were instructed to awaken at  about 
the midpoint of their sleeping time, ingest the capsule, and directly re- 
sume sleep. Breakfast was taken upon arising in the morning, after which 
the subjects remained ambulatory. The average sleeping time was 6-8 
hr, and the drug was ingested a t  about 4:OO am. Therefore, in both trials, 
f'ood was withheld for at least 4 hr before and after drug ingestion. 


No attempt was made to control the composition of the meal of the 
evening before or the day after drug administration, except that milk and 
dairy products were strictly forbidden on the 1st day of the study. No .  
other medication was allowed for a t  least 7 days before and throughout 
the study. Immediately before taking the drug, the subjects voided 
completely, and this sample was saved and used as the urine blank 
sample. Urine was collected every hour for the first 8 hr after drug in- 
gestion in the ambulatory trial or upon arising in the sleep trial and then 


' Lot 202-101, Lederle Labs, Pearl River, N.Y. 
Lot 29/G, Gvma Lab.. Forest Hills. N.Y. :' Chemical assay indicated that the'amounts of drug present in Brands A and 


B were 262 and 258 mg, respectively. 
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Table I-Cumulative Amounts (Milligrams) of Tetracycline Excreted in Urine in 4 Days 


Brand A Brand B 


Subject Sex Age Weight, kg Height, m Ambulatory Sleep Ambulatory Sleep 


A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 


Mean 
SD 


M 24 
M 34 
M 24 
M 23 
M 22 
M 22 
M 24 
F 25 
M 24 
M 25 
M 23 
M 31 


109 
84 
66 
61.3 
60 
70.3 
63.5 
64.4 
63.5 
77.2 
68.1 
72.1 


1.72 
1.73 
1.75 
1.62 
1.7 
1.72 
1.7 
1.62 
1.73 
2.6 
2.67 
1.72 


194.6 
197.9 
92.3 


154.6 
122.8 
160.0 
145.2 
147.2 
125.2 
171.4 
97.5 


126.8 
144.6 
33.7 


50.2 
164.8 
112.4 
91.0 


128.0 
100.7 
133.8 
131.3 
152.4 
119.8 
133.0 
84.0 


116.8 
31.5 


121.3 
165.1 
109.9 
120.0 
65.7 


156.3 
78.4 


177.1 
154.9 
171.2 
98.3 
52.2 


122.5 
42.9 


97.1 
169.0 
107.0 
108.8 
61.5 
53.0 
73.8 


120.0 
124.3 
104.3 
22.1 
26.4 
89.0 
42.8 


ad libitum for a total of 96 hr. The volume of each sample was measured 
and an aliquot was frozen until analyzed. 


The amount of tetracycline in the two preparations and the unchanged 
drug excreted in urine were assayed ~pectrophotofluorometrically~ by 
the method of Kohn (16). This assay is specific for tetracycline and has 
a high degree of precision, as indicated by the 3 4 %  variations in replicate 
determinations of biological samples (16). 


The results were analyzed according to the analysis of variance of 
split-plot in time design (17). Differences between the means of the four 
trials were tested for significance by Duncan's new multiple-range 
analysis (18). 


RESULTS 


The cumulative amounts of intact tetracycline excreted in urine in 
96 hr (Qu") in the four trials are reported in Table I. Large inter- and 
intrasubject variations were seen in the urinary recoveries. Six subjects 
(A, B, D, F, H, and J) of the 12 ingesting Brand A in the sleep trial had 
between an 11 and 74% decrease in Qu" compared with the ambulatory 
trial of the same brand. However, in four other subjects (C, I, K, and L), 
a 22-36% increase in Qu " in the sleep trial was observed. Subjects E and 
G excreted essentially the same amount of tetracycline in the sleep and 
ambulatory trials. 


When Brand B was taken in the sleep trial, eight subjects (A, D, F, H, 
I, J ,  K, and L) showed a 10-77% decrease in Qu" compared with drug 
ingestion while ambulatory. The other four subjects excreted virtually 
the same amount of tetracycline in the sleep and ambulatory trials. Unlike 
with Brand A, no increase in Qu " was observed when Brand B was taken 
in the sleep trial. 


The overall mean and standard deviation of the Qu" obtained with 
Brand A in the ambulatory and sleep trials were 144.6 f 33.7 and 116.8 
f c31.5 mg, respectively. The mean Qu" and standard deviation of Brand 
B were 122.5 f 42.9 mg in ambulatory subjects compared to  89.0 f 42.8 
mg in the same subjects taking the drug in the sleep trial, representing 
a decrease of about 27%. 


Analysis of variance of these data and the multiple-range comparison 
between means are shown in Table 11. Sleep had a differential effect on 
the two brands of tetracycline. Whereas no statistically significant dif- 
ference in the mean Qu " was observed between the sleep and ambulatory 
trials of Brand A, the average urinary recovery of Brand B in the sleep 
trial was significantly reduced ( p  < 0.01) compared with its mean Qu" 
in the ambulatory subjects. Most importantly, in spite of the lack of 
significant difference between the two preparations in the ambulatory 
suhjects, the difference between their mean Qu " in the sleep trials was 
statistically significant ( p  < 0.05). 


I f  urinary recovery from Brand A during the ambulatory trial is taken 
as a standard, then Brand B administered at night during sleep showed 
a highly significant ( p  < 0.01), almost 39% decrease in the cumulative 
amount of tetracycline excreted in urine (Fig. 1). 


Figure 2 shows a representative plot (Subject J) of urinary excretion 
rates of tetracycline as a function of time in the sleep and ambulatory 
trials. The inset figure indicates that the elimination kinetics of the drugs 
in the postabsorptive-distributive phase were essentially identical for 
both brands in these trials. Similar results were observed in all other 
subjects. 


Aminco-Bowman model 4-8202, American Instrument GI. ,  Silver Spring, 
Md. 


DISCUSSION 


Generally, a decrease in urinary recovery of a drug under different 
experimental conditions may result from changes in several events in- 
volved in its absorption and/or disposition5 including: ( a )  decreased renal 
excretion, ( b )  increased extrarenal elimination from the systemic circu- 
lation such as hepatic metabolism and hiliary or other clearances, and 
(c) a decrease in the amount of drug reaching the systemic circulation 
(bioavailability). 


A decrease in bioavailability may be characterized further as resulting 
from a decrease in the fraction of drug available for absorption from the 
luminal contents or an increase in the fraction of drug metabolized, stored 
in intestinal tissue, or cleared by biliary secretion during the initial transit 
through the hepatoportal system (first-pass effect). 


Decrease in  Elimination-The parallel slopes of the urinary excre- 
tion rate-time plots (Fig. 2) rule out the occurrence of changes in elimi- 
nation kinetics during the postabsorptive-distributive phase (-8-10 hr 
after drug administration). However, this finding does not rule out the 
possibility of changes occurring in the elimination of tetracycline from 
the systemic circulation during the first few hours following its admin- 
istration when the subjects were either sleeping or ambulatory. Since 
urinary excretion parameters were employed in the present study, it is 
logical to consider the possibility of decreased renal elimination at  night 
during sleep as a result of alteration in urine pH or renal function. 


A 


-7 


B 6 


Figure 1-Percent mean urinar.v recoriery relatiue to Brand A admin- 
istered to ambulatory subject when Brands A and B were administered 
to  ambulatory subjects (open bars) and during sleep (hatched bars). 
The  standard errors of the mean are indicated by the horizontal 
lines. 


5 Changes in distribution are excluded from this discussion because of the obvious 
lack of reference to its parameters in the urinary excretion data. 
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Table 11-Analysis of Variancen of the Cumulative Amounts of Tetracycline Excreted in Urine in 4 Days 


Source of 
Variation 


Degrees of Sums of Mean Sums 
Freedom Squares of Squares F P 


Subjects 
Conditionsb 
Residual error 


Total 
Brands 
Brands X subjects 
Conditions X brands 
Residual error 


Total 


11 34,601.9 3,145.6 3.27 <0.10 
1 11,303.7 11,303.7 11.74 <0.05 


11 10,586.8 962.4 
23 56,492.4 
1 7,465.0 7,465.0 8.49 <0.05 


11 9,036.3 821.5 0.93 >0.10 
1 97.5 97.5 0.11 >0.10 


11 9,669.3 879.0 
47 82,760.5 


Comparison of Trial MeansC 
Aambulatory versus Asleep 
Aambulatory versus Bambulatory 
Aambulatory Versus Bsleep 
Asleep versus Bambulatory 
Asleep versus Bsleep 
Barnbulatory versus b l e e p  


Not significant at 0.05 level 
Not significant a t  0.05 level 
Significant a t  0.01 level 
Not significant a t  0.05 level 
Significant a t  0.05 level 
Significant a t  0.01 level 


Split-plot in time design (17). * Refers to ambulatory and sleep conditions. Duncan's new multiple-range test (18). 


Elliot et al. (19) observed a 0.77-2.48 unit rise in urinary pH in 12 of 
18 normal subjects after awakening in the morning compared with urinary 
pH at night. This rise in pH, termed the morning tide, lasted 2-3 hr after 
arising (19), occurred irrespective of food intake (20), and was part of the 
diurnal variation in urinary pH, which appeared to follow a pattern 
characteristic for a given individual (21). A similar increase in urinary 
pH was observed in humans upon assuming a recumbent posture (22). 


Alkalinization of urine pH (-7.5) over 48 hr significantly increased the 
cumulative amount of tetracycline excreted in urine (23). Based on this 
study and the presumed occurrence of high urinary pH in the morning, 
subjects who ingest the tetracycline capsules a t  4:OO am should show an 
increase in urinary recovery of the drug compared with the ambulatory 
trials in which the drug is taken a t  800-900 am. This assumption is made 
because the sleep trial drug absorption, which lasts between 3 and 4 hr 
(24), is essentially complete upon awakening and the presumably high 
urinary pH enhances tetracycline excretion in urine; the ambulatory 
subjects, who take the drug upon arising, cannot absorb significant 
amounts during the time their urinary pH remains alkaline. 


The results shown in Table I do not support this logical corollary. Only 
four subjects (C, 1, K, and L) displayed an increase in Qu" in the sleep 
trial of Brand A that was not manifested in the sleep trial of Brand B as 
would he expected from the consistency of the urinary pH profile of in- 
dividuals (21). In fact, three of these subjects (I, K, and L) had a 20-77% 
decrease in the urinary recovery of Brand B and the fourth showed a 
meager 3% reduction. In addition, comparison between the means of the 
four trials indicates that sleep caused a significant differential reduction 
in Qu" of Brand B (Table 11). These facts are difficult to reconcile with 
the notion that the observed decreases in urinary recovery of the drug 
in the sleep trials are due to its reduced renal excretion as a result of 
changes occurring in urinary pH. 


The other factor that would account for the decreased urinary excretion 
of tetracycline in the sleep trial is the physiological alterations of kidney 
function. Little information is available on the effect of sleep, bed rest, 
or recumbent posture on the function of this organ. In a recent study 
employing seven catheterized sleeping patients, within 2 min of the onset 
of rapid eye movement (REM) epochs, there was a marked decrease in 
the urine flow rate; however, the glomerular filtration rate in these pa- 
tients remained unaffected (25). At the termination of the REM state, 
the urine flow rate increased even beyond the baseline value. 


In a study of renal function in 18 normal male subjects at  4-hr intervals 
over 24 hr (26), there was no change in renal plasma flow during sleep a t  
night as compared to bed rest during the day. There was a slight, but 
statistically significant, drop in the glomerular filtration rates during the 
REM sleep between 12:OO midnight and 4:00 am, after which the glo- 
merular filtration rate achieved a normal value. The urine flow rate, 
however, was diminished significantly during sleep, with the greatest drop 
occurring during the REM periods. This drop in the urine flow rate was 
attributed to increased tubular reabsorption of water (26). In another 
study, prolonged bed rest had no effect on the urine flow rate or kidney 
function (27). 


These findings indicate that while the glomerular filtration rate of the 
subjects ingesting tetracycline a t  about 400 am could be considered 
reasonably similar t o  that of the ambulatory subjects, a comparison be- 
tween their urine flow rates is difficult to make. It is particularly difficult 


to conjecture the effect of arising to ingest the drug and then resuming 
sleep on the urine flow rate. Nevertheless, other investigators found that 
changes in the urine flow rate had no effect on the renal clearance of 
tetracycline and three other analogs (28,29). Although no information 
is available on the effect of this parameter on the fraction of tetracycline 
ultimately excreted in urine, it is inconceivable that such an effect would 
he demonstrated in the sleep trial of only one brand of the drug and not 
the other. 


Increase in  Extrarenal  Elimination-The tetracyclines are not 
appreciably metabolized (30). In addition, biliary excretion of tetracycline 
in the rat does not constitute a major route of elimination, since 95% of 
the amount excreted via the bile is absorbed from the small intestine (31). 
Rather, excretion in the lower part of the small intestine and colon is 
believed to account for the extrarenal elimination, as stipulated for an- 
other analog of this antibiotic (32). If this is also the other extrarenal route 
of elimination of tetracycline in humans, then, to account for the observed 
decrease in Qu ", a compensatory increase in its elimination uia this route 
must be expected. Although this possibility cannot be ruled out, some 
physiological modalities of sleep provide no support for its occurrence. 
For instance, blood pressure, which may affect organ perfusion, drops 
and intestinal function proceeds normally during sleep (33). 


On the other hand, if extrarenal elimination of tetracycline in humans 
occurs oia biliary excretion, this route of elimination may actually be 
diminished a t  night. Bile collected through a fistula in humans was lower 
at  night, with a minimum between 1:00 and 5:00 am (34); the same was 
true for rabbits which are more active a t  night (35). 


An increase in any other extrarenal route of elimination of tetracycline 
during sleep is unlikely because of the difficulty to explain its differential 
occurrence with two preparations of the same drug. 


Decrease in  Bioavailability-Previously (15) in ambulatory subjects, 
urinary excretion rates of tetracycline were proportional to serum con- 
centrations, and the cumulative amount excreted in urine, Qu -, was 
proportional to the total amount absorbed as assessed by the area under 
the serum concentration-time curve ( A U C ) .  In both of these relation- 
ships, the proportionality constant, as predicted by theory, was equal to 
the renal clearance of the drug, namely 80-90 ml/min. Since changes in 
the glomerular filtration rate, urine pH, and renal and extrarenal elimi- 
nation have been ruled out implicitly, the observed decrease in Qu " when 
tetracycline capsules are taken during sleep more likely represents a 
decrease in the bioavailability of the drug relative to its administration 
to ambulatory subjects. 


Sleep reportedly causes a decrease in gastric, salivary, and lacrimal 
secretion, but it has no effect on intestinal function (33). The decrease 
in gastric acidity is likely to affect the dissolution of a drug such as tet- 
racycline (14), which is favored by low pH, thereby causing a decrease 
in the extent of its bioavailability during sleep6. No information is 
available on the effect of sleep on gastric emptying, and its contribution 
to the decreased bioavailability a t  night cannot be ruled out. However, 
an increase in the fraction eliminated during the first pass through the 
hepatoportal system may he rejected on the basis of a lack of evidence 


Because of the inherent limitations of urinary excretion studies, alteriltion in 
the absorption rate of tetracycline at  sleep cannot be established. 
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Figure 2-Representative urinary excretion rates versus time plots for Subject J ingesting a tetracycline hydrochloride capsule tuhile ambulatory 
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two brands in the ambulatory phase (open symbols) are superimposable. 


for the hepatic or biliary clearances of tetracycline (30-32). 
In addition to dissolution, other important considerations suggest and 


possibly contribute to the decreased bioavailability of tetracycline during 
sleep. While the difference in the mean Qu” between the two brands in 
the 12 ambulatory subjects was not large enough to be statistically sig- 
nificant, the difference between them in the sleep trials was significant 
(Table 11). In other words, differences between the bioavailability of the 
two brands conceivably could have been demonstrated in a larger number 
of ambulatory subjects, but only 12 sleeping subjects were needed to 
detect these bioavailability differences. 


In addition, the bioavailability of Brand A in the ambdatory subjects 
was statistically similar to its bioavailability in the sleep trial, but it was 
almost 39% greater ( p  < 0.01) than the bioavailability of Brand B in the 
sleep trial (Fig. 1). Poor formulation, coupled with the sleep effect, could 
have produced the marked impairment in the bioavailability of Brand 
B. This situation is implied also by the lack of interaction between brands 
and conditions (Table 11), which may characterize an additive effect 
between two factors (36): 


The difference in formulation is illustrated also by the intersubject 
variability of the two brands. In general, this variability was smaller in 
Brand A than B. The coefficients of variation for A in the amhulatory and 
sleep trials were 23.3 and 27%, respectively; the coefficient of variation 
of B in ambulatory subjects was 35%, compared with 48% in the same 
subjects ingesting the drug during sleep. This increased variability is 
characteristic of products with low bioavailability (37). 


CONCLUSIONS 


The results of the present study involving two brands of tetracycline 
under the specific conditions of the trials indicate that the ingestion of 
one brand of tetracycline hydrochloride capsule during sleep resulted 
in a decrease in the bioavailability of the drug compared with its ad- 
ministration to ambulatory subjects. Obviously, these results cannot be 
extrapolated to other drugs or even other brands or lots of the same drug. 
In addition, although it was previously shown that differences between 
tetracycline products observed in single-dose studies are quantitatively 
predictive of multiple-dose plasma levels in ambulatory subjects (15), 
further studies are needed to determine whether the effect of sleep also 
is observed upon multiple-dose administration. 


These findings, however, provide one example of an interaction be- 
tween physiological and formulation variables which must be considered 
in the design and interpretation of bioavailability studies. Questions are 
raised as to the predictability of ambulatory studies relative to the actual 
clinical use of drug products frequently administered during conditions 
of bed rest or sleep. Most important is the fact that differences in products 


that were not statistically demonstrable in the usual ambulatory subjects 
were evident in the more clinically realistic situation involving sleep. 
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Hydrolysis and Epimerization Kinetics of 
Hetacillin in Aqueous Solution 


AKIRA TSUJI, YOSHITAKA ITATANI, and TSUKINAKA YAMANA 


Abstract 0 Methods were developed for quantitating epimerization to 
epihetacillin and hydrolysis to ampicillin in the alkaline degradation of 
hetacillin, and both rates in deuterium oxide a t  35’ and in water at var- 
ious temperatures were determined. In each case, plots of log k for the 
epimerization against pH or pD yielded straight lines with a positive 
slope, which verified the first-order dependence on the hydroxide ion or 
deuteroxide ion. The activation energy of the epimerization process was 
21.2 kcal/mole. In aqueous solution at  high pH, epimerization rather than 
conversion to ampicillin represents a major pathway of hetacillin deg- 
radation, although the P-lactam ring of the hetacillin molecule is highly 
resistant to attack by the hydroxide ion. 


Keyphrases Hetacillin-epimerization and hydrolysis in aqueous 
solution, effect of pH and temperature Epimerization-hetacillin in 
aqueous solution, effect of pH and temperature 0 Hydrolysis-hetacillin 
in aqueous solution, effect of pH and temperature 0 Antibacterials- 
hetacillin, epimerization and hydrolysis in aqueous solution, effect of pH 
and temperature 


Hetacillin, which was developed to improve the aqueous 
stability of concentrated ampicillin solutions and to  in- 
crease oral absorption of ampicillin, is a condensation 
product of ampicillin and acetone (1) and is often used 
instead of ampicillin. 


In the degradation of hetacillin (I) in aqueous solution, 
at least two reactions are possible: hydrolytic intercon- 
version to ampicillin (11) (2, 3) and epimerization to 6- 
epihetacillin (111) (4), which produces inactive 6-epiam- 
picillin (5). The rates of both hydrolysis (2,3,6) and epi- 
merization (7) depend on pH and occur simultaneously 
(Scheme I). Although detailed kinetics of the hydrolysis 
of hetacillin to ampicillin were reported (2, 3, 6, 8-10), 
much less is known about the kinetic behavior of the C-6 
epimerization reaction. 


The present investigation was undertaken to develop 


methods for quantitating epimerization of hetacillin and 
to determine the rates of hydrolysis and epimerization of 
hetacillin in aqueous basic solution by utilizing NMR and 
optical rotatory dispersion spectroscopy. The preliminary 
NMR observations were reported previously (7). 


EXPERIMENTAL 


Materials-Hetacillin potassium’ and ampicillin sodium2 were used 
as supplied. 


Epihetacillin was synthesized by a reported procedure (4). Two grams 
of hetacillin potassium was placed in 20 ml of distilled water, and the 


I I1 


”1 
products 


Scheme I 


* Banyu Pharmaceutical Co., Tokyo, Japan. 
2 Takeda Chemical Ind., Osaka, Japan. 
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Table I-In Vitro Inhibition of Rat Lens Aldose Reductase 
by Various Substances 


Inhibitiona, % 


Inhibitor 10-4 M M 10-6 M 10-7 M 


Total crude flavonoid fraction 74 31 0 0 
Flavocannabiside 40 10 0 0 
Flavosativaside 35 0 0 0 
Orientin 90 82 45 0 
Quercitrin 100 95 88 55 


Q Percentage of inhibition of the aldose reductase activity when com- 
pared with controls containing no inhibitors. 


three isolated marijuana flavone C-glycosides as potential 
lens aldose reductase inhibitors. 


In the present study, 1-111 as well as the total crude 
flavonoid fraction from which they were isolated were each 
tested for inhibitory activity against a partially purified 
rat lens aldose reductase enzyme according to previously 
reported methods (3). Each substance.was tested four to 
six times; the results shown in Table I represent mean 
values. The standard deviation of the results was less than 
5%. 


The C-diglycosylflavones I1 and 111 were relatively weak 
inhibitors. The C-monoglycosylflavone I proved to be 45% 
inhibitory at  10-6 M and compared favorably with the 
flavonol glycoside IV, which caused a 55% inhibition at 


Work is underway to determine the inhibitory effect of 
I on aldose reductase in a rat lens organ culture assay (41, 


10-7 M .  


OH 


OH 0 
I 


OH 


@ 
CH,OH 


OH Q 


I I :R= OH 
111: R = H 


OH 
/ 


IV 


and studies using additionally isolated marijuana flavo- 
noids are anticipated3. 
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Use of In Vitro Dissolution Data to 
Predict Plasma Drug Profiles 


~ 


Keyphrases 0 Plasma time profiles-predicted from in uitro dissolution 
data, validity evaluated 0 Dissolution rates, in oitro-used to predict 
plasma time profiles, validity evaluated 


To the Editor: 
Recently, Vaughan and Leach (1) discussed a simple 


method for predicting plasma time profiles from in uitro 
dissolution data. Basically, their method is to relate the 
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Figure 1-Dissolution profiles from different formulations of a drug when dissolution is governed by linear (a), cube root (b), and log normal (e) 
dissolution laws. Parameters were adjusted so that the fastest dissolving formulation reached 90% dissolution at the same time for each law and 
the slowest dissolving formulation had reached 10% dissolution at this time. 


amount of drug dissolved at  time t in an in uitro dissolu- 
tion test, disj ( t ) ,  to the plasma drug concentration ob- 
tained following administration of an oral dose of the 
preparation, CPj(t), uia: 


disj(t)  = H ( t ) C p j ( t )  


where j refers to the j th  formulation. Thus, if H ( t )  is a 
specific function Of t and is independent of the formula- 
tion, then the following relation exists between two dif- 
ferent preparations, i and j :  


Potentially, this method could be very useful in drug de- 
sign or for predicting plasma profiles, avoiding many de- 
tailed pharmacokinetic analyses. However, H ( t )  is not a 
formulation-independent function (even when dealing 
with linear pharmacokinetics as suggested by Vaughan and 
Leach), so the validity of Eq. 1 was investigated based on 
Some simple pharmacokinetic models. Although it may be 
argued that these models are idealized, Eq. I was offered 
as a quite general relationskiip (although certain sensible 
restrictions were placed on its use bv the authors which will 


(Es, 


be discussed late;), and it must s&d the test of abstracted 
(Eq' 2, models. 


Table I-Calculated Values of H ( t )  for Formulations with Drug Release Patterns Depicted in Fig. 1, Using Eq. 1, with kz = 5 and k3 = 
0.5 


Log Normal Cube Root - Linear" 


Time 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 


1.0 1.528 1.523 1.516 1.509 1.503 1.528 1.515 1.493 1.477 1.466 3.565 4.421 4.774 5.239 5.833 
2.0 1.693 1.699 1.708 1.718 1.728 1.694 1.709 1.747 1.783 1.818 2.060 2.192 2.227 2.260 2.291 - .  


3.0 2.003 2.041 2.090 2.143 2.199 2.009 2.087 2.253 2.393 2.512 1.724 1.729 1.722 1.708 1.684 
4.0 2.376 2.471 2.600 2.740 2.888 2.390 2.582 2.972 3.293 3.560 1.650 1.630 1.621 1.611 1.602 
5.0 2.795 2.983 3.247 3.543 3.867 2.820 3.190 3.942 4.561 5.080 1.691 1.702 1.719 1.755 1.830 
6.0 3.250 3.576 4.056 4.617 5.251 3.292 3.920 5.216 6.308 7.240 1.805 1.908 1.989 2.134 2.401 
7.0 3.736 4.256 5.060 6.049 7.215 3.800 4.778 6.859 8.669 10.250 1.979 2.260 2.468 2.833 3.478 
8.0 4.249 5.027 6.302 7.960 10.010 4.341 5.774 8.935 11.795 14.367 2.213 2.803 3.247 4.027 5.363 
9.0 4.785 5.897 7.833 10.513 14.010 4.911 6.914 11.511 15.850 19.875 2.514 3.618 4.484 6.019 8.559 


10.0 5.341 6.873 9.716 13.929 19.758 5.507 8.203 14.648 20.995 27.076 2.892 4.836 6.444 9.314 13.900 


The numbers refer to the dissolution profiles in Fig. I 


Table 11-Calculated Values of H(t)  for Formulations with Drug Release Patterns Depicted in Fig. 1, Using Eq. 1 ,  with kz = 5 and k3 
= 0.1 


Linear Cube Root Log Normal 


Time 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 


1.0 1.300 1.291 1.283 1.275 1.267 1.299 1.269 1.246 1.228 1.213 5.789 4.784 4.179 3.768 3.466 . _ .  - _ _ _  
2.0 1.214 1.207 1.201 1.195 1 3 0  1.213 1 3 3  1.183 i.i76 1.173 2.161 2.101 2.035 i.91i 1.912 
3.0 1.229 1.226 1.224 1.223 1.223 1.228 1.225 1.228 1.232 1.237 1.478 1.516 1.525 1.521 1.509 
4.0 1.266 1.270 1.276 1.282 1.289 1.267 1.285 1.302 1.317 1.330 1.251 1.302 1.331 1.344 1.349 
5.0 1.314 1.328 1.343 1.358 1.375 1.316 1.360 1.395 1.420 1.441 1.197 1.227 1.253 1.270 1.279 
6.0 1.369 1.394 1.422 1.450 1.478 1.372 1.448 1.501 1.539 1.567 1.232 1.222 1.233 1.244 1.253 
7.0 1.427 1.469 1.512 1.556 1.599 1.432 1.548 1.621 1.671 1.709 1.320 1.263 1.248 1.348 1 251 ~ - ~ .  - _._ 
8.0 1.489 1.551 1.615 1.678 1.737 1.496 1.657 1.754 1.819 1.866 1.441 1.337 1.290 1.273 1.268 
9.0 1.555 1.640 1.729 1.815 1.894 1.564 1.778 1.901 1.982 2.040 1.586 1.440 1.353 1.314 1.297 


10.0 1.623 1.738 1.857 1.970 2.071 1.635 1.910 2.063 2.163 2.233 1.750 1.566 1.438 1.370 1.338 
~ ~~~ 
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Figure 2-Predicted (--j and correct (- - - j  plasma profiles. Key: a, b, and c, linear, cube root, and log normal dissolution laws, respectively, with 
kZ = 5 and k3 = 0.5; and d,  e, and f, linear, cube root, and log normal dissolution laws, respectively, with kz = 5 and k3 = 0.1. 


One-Compartment Model-In the linear dissolution 
model shown in Scheme I, A ,  B ,  and C represent the 


Scheme I 


amounts of drug in the dosage form, in solution at  the ab- 
sorption site, and in the body, respectively; kl, k2, and k3 
are the corresponding first-order rate constants for the 
respective processes. The in uitro and in uiuo dissolution 
profiles are assumed to be the same and are given by: 


dis ( t )  = IOO(1 - e -k l t )  0%. 3) 


expressed as a percentage. In the same units, the time 
course of the drug in the body is: 


1 0 0 k & z [ ( k z  - k3)e-k l t  - ( k l  - k3)e-k2t + ( k l  - k ~ ) e - ~ 3 ~ ]  
(k i  - k z ) ( k z  - M k i  - k 3 )  


C P ( t )  = 


(Eq. 4) 


such that: 


(Eq. 5) 


Differences in formulation are embodied in the parameter 
hl; the larger k1 is, the faster the drug dissolves. 


It can be seen that H ( t )  is a function of k l  and is not 
formulation independent, as suggested in the introduction. 
It is instructive to look at several limiting forms of this 
function. In Case 1, k1 >> k2, k3. The drug dissolves so 


rapidly that it is effectively instantaneously available for 
absorption. By neglecting k2 and k3 with respect to k 1 and 
eekl t  with respect to e-kzt and e-k3t, H ( t )  becomes: 


(Eq. 6) 


Although H ( t )  is now independent of kl, it is useless for 
predictive purposes because it just relates a step function 
input to the plasma profile. 


In Case 2, k2, k3 >> kl. Dissolution is rate limiting, and 
the limiting form of H ( t )  approaches: 


(Eq. 7) 


Here we find the most valid application of the method in 
that the plasma profile directly parallels the dissolution 
profile in the early phase (klt < 1). 


In Case 3, kl, ka >> h ~ .  The example of alprenolol dis- 
cussed by Vaughan and Leach (1) approximately fits this 
category, and H ( t )  reduces to ekat. Thus, as expected, after 
rapid dissolution and absorption, the plasma profile shows 
a simple exponential decline, reflecting elimination of drug 
from the body. 


Simulations-The various limiting forms of H ( t )  do not 
allow an assessment of how well or how badly this method 
works over an extended time scale. Therefore, it was nec- 
essary to resort to numerical integration. The studies were 
further extended to include two other kinds of dissolution, 
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cube root law (2) and log normall (3). So that a meaningful 
comparison could be made between the three dissolution 
laws, it was arranged that disj(t) for the fastest dissolving 
formulation reached 90% at the same time for each law and 
that the slowest dissolving formulation had reached lo?? 
at  this time. The rate constants h.2 and h.3 were fixed at  5 
and 0.5 in one trial and at  5 and 0.1 in another. The time 
units are arbitrary. 


The dissolution profiles for the three laws are shown in 
Fig. 1, and the values of H(t)  calculated using Eq. 1 are 
listed in Tables I and 11. To obtain a better appreciation 
for the numbers, the plasma profile appropriate to the 
slowest dissolving formulation was calculated using the 
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compared to the correct profile for each dissolution law. 
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However, two important parameters are badly predicted 
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In the present analysis, we took the optimal situation 
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to be exactly the same as occurs in uiuo. If the time scales, 
however, are different-and this cannot be predicted a 


The dissolution profile for the log normal law was calculated using Wagner’s 
(3) method: 


d A -  e - ’ X  
dt  Q / 2 ; i o t G  


and: 
loglot - x mean 


x =  
U 


where x mean and u are the mean and standard deviation of the distribution, re- 
spectively. However, rather than fixing x mean and letting u vary as Wagner did, 
we fixed the ratio of x meank (= 5), thus giving a more realistic spread of dissolution 
profiles. 


priori-the difficulties that are created may invalidate the 
method. 
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Screening Procedure for Phorbol Esters 
Using Brine Shrimp (Arternia salina) Larvae 


Keyphrases Phorbol esters, various-toxicity to brine shrimp larvae 
related to cocarcinogenic potency Brine shrimp larvae-toxicity of 
various phorbol esters related to cocarcinogenic potency Toxicity- 
variousphorbol esters to brine shrimp larvae, related to cocarcinogenic 
potency 0 Cocarcinogenic potency-various phorbol esters, related to 
toxicity to brine shrimp larvae 


To the Editor: 
In the continuing search for anticancer agents of natural 


origin, the recently discovered antileukemic property of 
phorbol12-tigliate 13-decanoate (l) ,  from Croton tigliurn 
(Euphorbiaceae), is interesting since phorbol esters are 
better known as irritant cocarcinogens (2). Unlike other 
naturally occurring anticancer compounds, intensive work 
has been performed on the activity of phorbol esters in 
two-stage carcinogenesis experiments, including their in- 
teractions with nucleic acids and their effect on the uptake 
of precursors of these and other macromolecules by the 
mammalian cell (3). Isolation of further phorbol and re- 
lated esters from the plant kingdom could, in addition to 
providing possible new antileukemic agents, yield unique 
structure-activity information on the complex relation- 
ships between irritancy, cocarcinogenicity, and antileu- 
kemic activity a t  the cellular level. 


During the fractionation, of anticancer compounds from 
plant sources, there is often a considerable delay between 
isolation and receipt of biological data. Several screening 


Table I-EDso’s of Phorbol Esters and Two Piscicides to A. 
salina Larvae (Brine Shrimp) 


95-100’36 
Confidence 


Limits, 
Compound ED509 d m l  I ED, rglml 


Phorbol 12-tetradecanoate 13- 3.8 1.96 1.9-7.4 


Phorbol12,13-didecanoate 6.8 1.96 3.5-13.3 
Phorbol 12,13-dibenzoate 11.8 1.96 6.0-23.1 
Phorbol 
4a-Phorbol12,13-didecanoate >loo0 - - 
Rotenone 
Picrotoxin 2510 1.75 1430-4400 


acetate 


>loo0 - - 


0.5 1.71 0.3-0.9 
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Pharmaceutics of Solids and Solid Dosage Forms. By JENS T. 
CARSTENSEN. Wiley, 605 Third Ave., New York, NY 10016,1977. 
256 pp. 16 X 24 cm. Price $18.50. 
This book was developed by Dr. Carptensen from the material he uses 


for a 4th-year pharmacy course. In the Preface, the author quite rightly 
points out that the “area of pharmaceutical solids constitutes a fasci- 
nating field of knowledge.” The book covers some of the basic physical 
chemistry of solid dosage forms and includes a comprehensive treatment 
of the more common solid dosage forms used in current practice. 


At the end of each chapter, there are a short list of relevant references, 
some problems (calculations), and some questions. 


The chapters are logically ordered, and the presentation of concepts 
is lucid. The numerous figures are well drawn and will greatly assist the 
student using this text. Furthermore, the book seems commendably free 
of errors (although a new word, “hepticlation,” appears on p. 208), and 
the index is well prepared. 


Of course, it is inevitable that iq any boqk qf this type, one can find 
statements with which one does not agree. Thus, on p. 163 the author 
states: “A directly compressed tablet (and most often also a slugged 
tablet) will disintegrate into the particles from which the original blend 
was made.” This is a generalized assertion that this reviewer regards as 
unjustified. Experimental data clearly suggest that, in direct compression, 
both particle fracture and cold welding can occur, so the particle-size 
distribution can be significantly altered by the compactiop process. 


Some readers may feel that the rather brief chapter (19 pages) titled 
Biopharmaceutics of Solids migbt have been omitted, since the topic of 
Biopharmaceutics justifies a much fuller treatvent (ie., a separate 
course) and it seems somewhat artificial to separate the biopharmaceutics 
of solids from other dosage forms. 


The last 46 pages of the book are devoted to a description of selected 
laboratory experiments. Many of these are particularly interesting. This 
reviewer was intrigued by Carstensen’s description of scheduling prob- 
lems for students; it was good to know that in Wisconsin at least, some 
students are prepared to attend a laboratory session on Monday eve- 
nings! 


This book can be recommended as providing a useful basis for those 
planning an undergraduate pharmacy course on dosage forms. Parts of 
it may also be very useful for some gFaduate courses. 


Reuiewed by Christopher T. Rhodes 
Department of Pharmacy 
College of Pharmacy 
University of Rhode Island 
Kingston, RI 02881 


boron protecting group. Chapter 2 examines the use of benzylidine ace- 
tals, for example, in the synthesis of 1,2-trans-glycosides. Chapter 4 de- 
scribes the synthesis of oxaprostaglandins and C-nucleosides and the 
mutational synthesis of aminoglycoside antibiotics. Chapter 5 presents 
valuable generalizations for predicting the Cotton effect among hetero- 
cycles linked to a sugar or hydroxyalkyl moiety. Chapter 6 describes the 
use of 2-deoxy-2-phthalimido-~-glucopyranosyl halides in the synthesis 
of ~-amino-2-deoxy-fl-D-glucopyranosides. 


In Chapter 7, the authors relate their experiences with the chemistry 
qf the pnsaturated sugar D-glucal, especially as that chemistry relates 
to the synthesis of aminpglycoside antibiotics. Chapter 8 furnishes a good 
review of methods of incorporation of heteroatoms other than oxygen 
into sugar rings. Chapter 9 describes the facile synthesis and the prop- 
erties pf previously inaccessible 1-0-acyl-a-D-glucopyranose derivatives. 
Chapter 10 reports the synthesis and chemical properties of levoglusenone 
(1,6-anhydro-3,4-dideoxy-fl-~-g~ycerohex-3-enopyranos-2-ulose), a 
pyrolysis product of cellulose. Chapter 11 affords answers to longstanding 
questions about the mechanism of osazone formation. 


Chapter 12 reviews the synthesis of polyhydroxyalkyl-substituted 
furana, pyrroles, 1,5,6,7-tetrahydroipdol-4-ones, pyrimidines, imidazo- 
lines, and imidazoles uia reaction of glycosides and aminoglycosides with 
8-dicarbonyl compqunds. In Chapter 13, the authors discuss the reactions 
between sugars and aromatic hydrocarbons and suggest that similar re- 
actions occur between lignin and carbohydrates when wood converts to 
coal. Chapter 14 reports the synthesis of Amadori-type sugar derivatives 
of several biogenic amines (e.g., serotonin) and examines the biological 
properties of some of these compounds. Chapter 15 reviews the structures 
of some bioactive glycolipids and details sophisticated reactions leading 
to their synthesis. 


My first impression was that, because of the highly technical nature 
of much of this work, its appeal would be restricted to those engaged di- 
rectly in carbohydrate research. After more consideration, I feel that the 
work should have wide appeal among medicinal chemists. Many of the 
synthetic procedures are elegant, are accompanied by excellent mecha- 
nistic explanations, and appear to have synthetic potential not restricted 
to carbohydrates. Also, some of the areas discussed, such as glycolipids, 
have immediate pedicinal chemical significance. 


Reuiewed by Eugene I. Isaacson 
College of Pharmacy 
Idaho State University 
Pocatello, ID 83201 


Synthetic Methods for Carbohydrates, ACS Symposium Series 39. 
Edited by HASSAN S. EL KHADEM. American Chemical Society, 
1155 Sixteenth St., N. W., Washington DC 20036,1977.278 pp. 14 X 
23 cm. Price $19.50. 
The book consists of 15 separately authored chapters, each of which 


reviews and reports original research in an important area of carbohydrate 
chemistry. The invited authors have made internationally notable con- 
tributions in the areas they discuss. Some chapters are more important 
and sophisticated than others. However, the material in each chapter is 
deftly and authoritatively handled. In each chapter there is much explicit 
and detailed technical information. In three chapters, the authors appear 
to have had some problems translating into English. This is a minor flaw 
in view of the high competence of the authors in the important areas they 
present. 


The advancing sophistication in synthesis of carbohydrates is im- 
pressive, as is the expanding knowledge of the biological importance of 
carbohydrate structure. Also, some of the synthetic procedures employed 
to affect specific changes in the polyfunctional carbohydrates may find 
direct application in the synthesis of medicinal agents not directly related 
to carbohydrates. 


The following is a sampling of the contents of the book. Chapter 1 ex- 
plores the preparation, properties, and range of utility of the 0-ethyl- 


An Introduction to Phytopharmacy. By M. S. F. ROSS and K. R. 
BRAIN. Pitman Medical, 42 Camden Road, Tunbridge Wells, Kent 
TNl2QD, England, 1977.305 pp. 14 X 22 cm. Price f7.00. 


As stated in the introduction (Chapter l ) ,  this book indeed provides 
an “integrated approach to the consideration of plants and drugs.” It has 
very broad coverage of several aspects relating to the pharmacy disciplines 
such as botanical, chemical, pharmaceutical, and pharmacological. 


The book is divided into two parts. The first part (Chapters 1-5) deals 
with general principles, and the second (Chapters 6-17) deals with spe- 
cific pharmacologically active drugs of plant origin. 


Chapter 2, Plants and Their Constitueets, is an excellent brief account 
of the fundamental elements of plant biology as well as important groups 
of biologically active plant constituents such as the alkaloids, the glyco- 
sides, and the isoprenoids. This chapter emphasizes that plants are of 
importance to the pharmacist. Chapter 3, From Plant to Isolate, covers 
the fundamental principles and methods for the isolation of active 
components, including extraction and chromatographic separation 
techniques. Figure 3.7 showing separation of alkaloids and phenolics is 
neither clear nor adequate. Perhaps a more detailed flow sheet dealing 
with the separation of certain specific examples of alkaloidal drugs would 
be more impressive. 


Chapter 4, Drug Variability, is concerned with the yield and quality 
of plant drugs. Chapter 5, The Searah for Novel Plant Drugs, is well 
written and involves discussions of the development of new plant drugs. 
Chapter 6, Drugs Acting on the Central Nervous System, includes plant 
copstituenta used as analgesics, stimulants, and muscle relaxants. 
However, the traditional structure for tubocurarine as given in Fig. 6.2 
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which gave a major single fluorescent spot on TLC under UV light to- 
gether with traces of five nonfluorescent components. Subsequent iso- 
lation of this single fluorescent spot by preparative TLC led to a crys- 
talline residue, which was recrystallized from benzene to yield colorless 
needles (8 mg), mp 170-173”. The identity of this compound with an 
authentic sample of helenalin (I) was established by TLC, IR, and NMR 
spectroscopic comparisons and by mixed melting-point determina- 
tion. 


REFERENCES 


(1) K. H. Lee, T. Ibuka, H. C. Huang, and D. L. Harris, J.  Pharm. Sci., 
64,1077 (1975), and references cited therein. 


(2) A. T. Hsieh and T.  I. Yang, “Nomenclature of Plants in Taiwan,” 
National Taiwan University, Taiwan, Republic of China, 1969, p. 910. 


(3) C. Piantadosi, C. S. Kim, and J. L. Irvin, J .  Pharrn. Sci., 58,821 
(1969). 


(4) R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. Schu- 
macher, and B. J. Abbott, Cancer Chemother. Rep. (Part 3) ,  3, 1 
(1972). 


(5)  K. H. Lee, H. C. Huang, E. S. Huang, and H. Furukawa, J.  Pharm. 
Sci., 61,629 (1972). 


(6) K. H. Lee, D. C. Anuforo, E. S. Huang, and C. Piantadosi, ibid., 


61,626 (1972), and references cited therein. 


Tetrahedron Lett., 1974,2287, and references cited therein. 


Chem. Cornmun., 1976,341, and references cited therein. 


Geissman, Cancer Res., 31,1649 (1971). 


(1972). 


(1974). 


(7) K. H. Lee, T. Ibuka, M. Kozuka, A. T. McPhail, and K. D. Onan, 


(8) K. H. Lee, Y. Imakura, D. Sims, A. T.  McPhail, and K. D. Onan, 


(9) K. H. Lee, E. S. Huang, C. Piantadosi, J. S. Pagano, and T. A. 


(10) K. H. Lee, H. Furukawa, and E. S. Huang, J .  Med. Chem., 15,609 


(11) K. H. Lee, T. Ibuka, and R. Y. Wu, Chern. Pharm. Bull., 22,2206 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 15,1976, from the *Department of Medicinal Chem- 
istry, School of Pharmacy, University of North Carolina, Chapel Hill ,  
NC 27514, and the $School of Pharmacy, Kaohsiung Medical College, 
Kaohsiung, Taiwan, Republic of China. 


Accepted for publication September 1, 1976. 
Supported by U S .  Public Health Service Research Grant CA 17625 


from the National Cancer Institute and American Cancer Society Grant 
CH-19. 


T o  whom inquiries should be directed. 


Polyamine Metabolism 11: N -  (Monoaminoalkyl) - and 
N-  (Polyaminoalky1)acetamides in Human Urine 


MAHMOUD M. ABDEL-MONEM” and KOSEI OHNO 


Abstract TLC and high-pressure liquid chromatographic examination 
of the dansyl derivatives obtained from human urine indicated the 
presence of N- [3- [(4-aminobutyl)amino]propyl]acetamide (Nl-acetyl- 
spermidine), N- [4-[(3-aminopropyl)amino]butyl]acetamide (Ns- 
acetylspermidine), N-(4-aminobutyl)acetamide (N-acetylputrescine), 
and N- (5-aminopenty1)acetamide (N-acetylcadaverine). The ratio of 
N’- to Ns-acetylspermidine ranged from 10.3 in the urine of a patient 
with hepatoma to 1.1 in the urine of a normal subject, The three cancer 
patients had a considerably higher ratio of N1- to Ns-acetylspermidine 
than did the three normal subjects. These findings indicate that the ratio 
of N1- to N8-acetylspermidine in the 24-hr urine may serve as a bio- 
chemical marker for cancer. 


Keyphrases Polyamines-N- (monoaminoalky1)- and N- (polyami- 
noalkyl)acetamides, dansyl derivatives, TLC and high-pressure liquid 
chromatographic analysis, human urine N- (Aminoalky1)acetamides 
-dansyl derivatives, TLC and high-pressure liquid chromatographic 
analysis, human urine 0 Dansyl derivatives-N- (monoaminoalky1)- and 
N- (polyaminoalkyl)acetamides, TLC and high-pressure liquid chro- 
matographic analysis, human urine TLC-analysis, dansyl derivatives 
of N- (monoaminoalky1)- and N-(polyaminoalkyl)acetamides, human 
urine High-pressure liquid chromatography-analysis, dansyl deriv- 
atives of N- (monoaminoalky1)- and N-(polyaminoalkyl)acetamides, 
human urine 


The diamine 1,4-butanediamine (putrescine) (I) and 
the polyamines N-(3-aminopropyl)-1,4-butanediamine 
(spermidine) (11) and N,N’- bis(3-aminopropyl)-l,4-b~- 
tanediamine (spermine) (111) are excreted in human urine 
mainly in the form of conjugates which produce the free 
amines after hydrolysis (1). N-  (4-Aminobuty1)acetamide 
(N-acetylputrescine) (IV) was identified in the urine of 
normal subjects (2), and N -  (5-aminopenty1)acetamide 
(N-acetylcadaverine) (V) was identified in the urine of 


RHN(CH2)” NH2 R H N ( C H Z ) ~ N H ( C H ~ ) ~ N H ~  


I: R = H, n = 4 11: R = H 
IV: R = CHBCO, n = 4 
V: R = CH3C0, n = 5 


VI: R = CH3CO 


HZN(CHZ)~NH(CHZ)~NH(CH~)~NHZ 
111 


CH&OHN(CH2)4NH( CH2)3NH2 
VII 


schizophrenic patients (3). N- [3-[(4-Aminobutyl)ami- 
no]propyl]acetamide (Nl-acetylspermidine) (VI), but not 
N -  [4- [ (3-aminopropyl)amino] butyllacetamide (N8-  
acetylspermidine) (VII), also was detected in urine of 
healthy children (4) and a patient with acute myelocytic 
leukemia (5). Recently, both VI and VII were identified 
in urine of normal subjects and cancer patients (6, 7). 


The present paper reports the determination of the ratio 
of VI to VII in the urine of normal subjects and cancer 
patients who had not received therapy. 


EXPERIMENTAL 


Extraction of Polyamines and  Conjugated Polyamines from 
Urine-Twenty-four hour urine samples were collected from three adults 
and one child as normal subjects and from three patients with diagnosed 
cancer (hepatoma, melanoma, and thyroid cancer) who had not received 
therapy. The urine was collected over toluene, kept refrigerated during 
collection, and stored a t  -2OO until analysis. 


An aliquot of urine (100 ml) was adjusted to pH 10-11 with 2 N NaOH 
(5 ml) and extracted with 2-methyl-l-butanol(4 X 50 ml). Nitrogen was 
bubbled through the organic solvent extract to remove ammonia. Con- 
centrated hydrochloric acid (5 ml) was added to the extract, and the 
mixture was evaporated to dryness in U ~ C U O  a t  45’. 
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Figure 1-Two-dimensional TLC of the dansyl derivatives obtained 
from the urine of apatient with hepatoma (a) and a normal subject (b). 
Compounds tested were the dansyl derivatives of: IV (1) ;  V (2); VI, VII,  
N4-acetylspermidine, and ammonia (3); I ,  I,d-propanediamine, and 
N4-acetylspermine (4); N1-acetylspermine (5); I I  (6); I I I  (7); IV, V, 
acetylspermidines, and acetylspermines (8); III  (9); I I  (10); 1,d-pro- 
panediamine and I (1 1); ammonia (12); VI and VII (spot a); IV (spot 
b); and V (spot c). 


Formation of 5-(Dimethylamino)-l-naphthalenesulfonyl (Dan- 
syl) Derivatives of Urine Extracts-The residue obtained after 
evaporation of the solvent was dissolved in 2% HCI (5 ml), and then the 
flask was rinsed with water (5 ml) and acetone (15 ml). The solution was 
adjusted to pH 8.5-9 with anhydrous sodium carbonate (about 2.0 g) and 
then treated with dansyl chloride (26.9 mg, 0.1 mmole) in acetone (10 
ml). 


The mixture was stirred at  room temperature for 12 hr in a covered 
flask and concentrated to remove the acetone. Water (30 ml) was added 
to dissolve the precipitated solids, and the reaction mixture was extracted 
with chloroform (4 X 25 ml). The combined chloroform extract was 
washed with water (10 ml) and dried over anhydrous sodium sulfate. The 
extract was evaporated to dryness in vacuo. 


Isolation and Purification of Dansyl Derivatives of N- 
(Monoaminoalky1)- and N-(Polyaminoalkyl)acetamides-The 
residue obtained from the dansylation reaction was dissolved in 1.0 ml 
of chloroform, and 10 pl of this solution was applied to a TLC silica gel 
GF plate' (250 pm, 20 X 20 cm). A mixture of the authentic samples of 
the dansyl derivatives of the N- (monoaminoalky1)- and N- (polyami- 
noalky1)acetamides also was spotted on some plates for comparison. Each 
plate was developed using cyclohexane-ether (1:9) for an elution distance 
of 14 cm and then in a second dimension using chloroform-triethylamine 
(101). The plates were examined under a long wavelength UV lamp. 


The desired spots were scraped separately from the plates and im- 
mediately extracted with a mixture of equal volumes of triethylamine 
and 2-propanol(lO ml). The extract was evaporated to dryness in a ni- 
trogen stream at  40°, and the residue was stored in a refrigerator until 
analysis by high-pressure liquid chromatography (HPLC). Immediately 
before HPLC analysis, the residue was dissolved in 50 or 25 pl of chlo- 
roform, and a 5- or 10-pl aliquot was injected. 


Determination of Dansyl Derivatives Using HPLC2-The sepa- 


l Analtech, Newark, Del. 
Model 6000 solvent delivery system, Waters Associates, Milford, Mass., and 


LDC model 1209 fluoroMonitor, Laboratory Data Control, Riviera Beach, Fla. 


I \  , .  . 
10 20 30 40 


- 1  
MINUTES 


Figure 2-HPLC separation of a standard solution containing 100 
pmoles of each dansyl derivative of: VI (I), VII (2), and IV (3). 


ration of the dansyl derivatives was achieved, using a modification of a 
published method (8), on a silica column3 (120 cm X 2.2 mm i.d.) with 
chloroform (distilled over anhydrous calcium chloride)-2-propanol 
(100:6). 


RESULTS 


Typical chromatograms of the TLC separation of the dansyl derivatives 
from the urine of a patient with hepatoma and a normal subject are shown 
in Figs. l a  and l b ,  respectively. Cochromatography of a mixture of au- 
thentic samples of IV-VII permitted the identification of the position 
of each compound on the chromatogram of the derivatives from urine. 


A typical HPLC separation of a mixture of IV, VI, and VII (100 pmoles 
of each) is shown in Fig. 2. Different amounts of each dansyl derivative 
of N-  (monoaminoalky1)- and N -  (polyaminoalky1)acetamides were in- 
jected, and a linear correlation was observed between the peak height and 
the amount injected for each compound. 


Figures 3 and 4 represent the chromatograms obtained by HPLC ex- 
amination of extracts from the spots corresponding to a mixture of VI 
and VII (spot a) and IV (spot b), respectively, on the thin-layer chro- 
matogram of the dansyl derivatives from urine of a hepatoma patient (a) 
and a normal subject (b ) .  


The concentration of each dansyl derivative was calculated by com- 
parison of its peak height with that obtained from known concentrations 
of an authentic sample. Table I presents the quantitative results obtained 
for three normal subjects, one child, and three cancer patients. The values 
were not corrected for losses during the analytical procedure and may 
be underestimates of the actual values. 


DISCUSSION 


TLC and HPLC examination of the dansyl derivatives of the amines 
I 


I 
a b MINUTES 


Figure 3-HPLC separation of the dansyl derivatives of the mono- 
acetylspermidines obtained from the urine of a patient with hepatoma 
(a) and a normal subject (b). Key: 1, VI; and 2, VII. Peak intensity for 
VI in a was reduced to one-half its size for comparison. The amount 
injected in a was one-half the amount injected in b. 


3 Corasil 11, Waters Associates, Milford, Mass. 
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a b MINUTES 
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Figure 4-HPLC separation of the dansyl derivatives of IV  obtained 
from the urine of a patient with hepatoma (a) and a normal subject (b). 
The peak intensity for IV in a was reduced to one-fourth its actuol size 
for comparison, 


in human urine indicated the presence of IV-VII in appreciable amounts 
in all samples examined. N- (4-Aminobutyl)-N- (3-aminopropy1)acet- 
amide (N4-acetylspermidine) and the two isomeric N ’ -  and N4-mo- 
noacetyl derivatives of 111 were not present in detectable amounts. The 
identity of IV, V1, and VII obtained from human urine was confirmed 
by mass spectral analysis (7). Compound V was present in low concen- 
trations and was not quantified. 


In the seven samples examined, the ratio of VI to VII was greater than 
1. The highest ratio was observed in the urine of a patient with hepatoma 
(10.3); the lowest ratio was observed in the urine of a normal subject (1.1). 
The considerably higher levels of VI in the urine of the hepatoma patient 
is noteworthy. The three cancer patients had a considerably higher ratio 
of  VI to VII than did the three normal subjects. These findings indicate 
that normal subjects and cancer patients not only differ in their levels 
of urinary polyamines (1) but also in the nature of the polyamine conju- 
gates. Moreover, the ratio of VI to VII in the 24-hr urine may serve as a 
biochemical marker for cancer and is being further studied in this labo- 
ratory. 


A ratio of concentration of VI to VII greater than 1 indicates a higher 
rate of formation andlor a lower rate of degradation of VI relative to VII. 
Unfortunately, little is known about the enzymes responsible for the 
formation of these acetylated aliphatic amines and their fate in mam- 
malian tissues. Recently, Seiler and Al-Therib (9) described the in uitro 
acetylation of I to IV catalyzed by acetyl coenzyme A putrescine N -  
acetyltransferase from rat tissues. This enzyme was specific for the 
acetylation of I; the highest activity was observed in the brain, especially 
in the nuclei. 


Spermidine and spermine did not inhibit the enzymatic acetylation 
of putrescine, indicating that these compounds did not act as substrates 
for this enzyme and that the enzymes responsible for acetylation of the 
diamines and polyamines possess a high degree of substrate specificity. 
Therefore, mammalian tissues may conceivably contain separate enzymes 
that acetylate spermidine to form either VI or VII and cancer tissue may 
have higher activity of the N’-spermidine N-acetyltransferase. On the 
other hand, Seiler and Al-Therib (10) showed that IV was oxidatively 
deaminated both in uitro and in uiuo by monoamine oxidase. It is pos- 
sible, therefore, that  the acetylspermidines also are oxidatively deami- 


Table I-Concentrations of N-(Monoaminoalky1)- and N- 
(Polyaminoalky1)acetamides in Urine of Normal Subjects and 
Cancer Patients 


Micromoles per 24 hra 
Subject VI VII VIIVII IV 


Normal adult 0.277 0.237 1.17 1.503 
Normal adult 0.135 0.118 1.14 1.181 
Normal adult 0.735 0.562 1.31 3.613 
Childb 0.115 0.070 1.64 0.569 
Thyroid cancer patient 0.403 0.229 1.76 2.587 
Melanoma Datient 1.075 0.610 1.76 5.800 
HeDatoma batient 4.413 0.428 10.31 12.810 


Values are not corrected for losses during the analytical procedure. Micromoles 
per 100 ml for the urine sample voided in the morning (110 ml). 


nated by amine oxidases and that the higher ratio of V I  to V11 in cancer 
tissues reflects a higher rate of degradation of VI1 in these tissues. 


The concentration of I V  was 2.6-4.7 times greater than the total 
amount of the isomeric acetylspermidines. There was an apparent linear 
correlation ( r  = 0.970) between the levels of IV and those of the acetyl- 
spermidine in urine. 
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Hydrolysis and Epimerization Kinetics of 
Hetacillin in Aqueous Solution 


AKIRA TSUJI, YOSHITAKA ITATANI, and TSUKINAKA YAMANA 


Abstract 0 Methods were developed for quantitating epimerization to 
epihetacillin and hydrolysis to ampicillin in the alkaline degradation of 
hetacillin, and both rates in deuterium oxide a t  35’ and in water at var- 
ious temperatures were determined. In each case, plots of log k for the 
epimerization against pH or pD yielded straight lines with a positive 
slope, which verified the first-order dependence on the hydroxide ion or 
deuteroxide ion. The activation energy of the epimerization process was 
21.2 kcal/mole. In aqueous solution at  high pH, epimerization rather than 
conversion to ampicillin represents a major pathway of hetacillin deg- 
radation, although the P-lactam ring of the hetacillin molecule is highly 
resistant to attack by the hydroxide ion. 


Keyphrases Hetacillin-epimerization and hydrolysis in aqueous 
solution, effect of pH and temperature Epimerization-hetacillin in 
aqueous solution, effect of pH and temperature 0 Hydrolysis-hetacillin 
in aqueous solution, effect of pH and temperature 0 Antibacterials- 
hetacillin, epimerization and hydrolysis in aqueous solution, effect of pH 
and temperature 


Hetacillin, which was developed to improve the aqueous 
stability of concentrated ampicillin solutions and to  in- 
crease oral absorption of ampicillin, is a condensation 
product of ampicillin and acetone (1) and is often used 
instead of ampicillin. 


In the degradation of hetacillin (I) in aqueous solution, 
at least two reactions are possible: hydrolytic intercon- 
version to ampicillin (11) (2, 3) and epimerization to 6- 
epihetacillin (111) (4), which produces inactive 6-epiam- 
picillin (5). The rates of both hydrolysis (2,3,6) and epi- 
merization (7) depend on pH and occur simultaneously 
(Scheme I). Although detailed kinetics of the hydrolysis 
of hetacillin to ampicillin were reported (2, 3, 6, 8-10), 
much less is known about the kinetic behavior of the C-6 
epimerization reaction. 


The present investigation was undertaken to develop 


methods for quantitating epimerization of hetacillin and 
to determine the rates of hydrolysis and epimerization of 
hetacillin in aqueous basic solution by utilizing NMR and 
optical rotatory dispersion spectroscopy. The preliminary 
NMR observations were reported previously (7). 


EXPERIMENTAL 


Materials-Hetacillin potassium’ and ampicillin sodium2 were used 
as supplied. 


Epihetacillin was synthesized by a reported procedure (4). Two grams 
of hetacillin potassium was placed in 20 ml of distilled water, and the 


I I1 


”1 
products 


Scheme I 


* Banyu Pharmaceutical Co., Tokyo, Japan. 
2 Takeda Chemical Ind., Osaka, Japan. 
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Table I-Chemical Shifts" (Parts Der Million) of Protons of Hetacillin. Epihetacillin, and Ampicillin at 35" 
~~~ 


Proton 
Penicillin Solvent Phenyl C-10 C-6 c -5  c -3  CCH3 


Hetacillin potassium Deuterium 1.48 m 4.76 5.08d 5.58d 4.30 1.67 1.55 1.51 1.46 


Epihetacillin Deuterium 7.44 m 4.85 4.74d 5.53d 4.39 1.61 1.56 1.52 1.48 
oxide (4.0) (4.0) 


oxideb (2.0) (2.0) ._.__ 
Dimethyl 7.40 m 4.68 4.58d 5.38d 4.41 1.54 1.45 1.40 1.38 


- - sulfoxide-d&d (2.0) (2.0) 
7.40 -f 5.46s 5.46s 4.19 1.51 1.47 AmDicillin sodium Deuterium 


oxide b*e 


a J values in Hertz in parentheses. * Relative to sodium 2;2,3.3-tetradeutero-3-(trin 
Assignments from Ref. 13. f Not observable standard. Assignments from Ref. 4. 


solution pH was maintained at  11.50 for 90 min at 25' with the aid of a 
pH-stat. The reaction solution was acidified to pH 4.5 with 1 N HCl at  
Oo to precipitate epihetacillin as a white powder. The collected crystals 
were washed exhaustively with cold water and dried over phosphorus 
pentoxide, mp 163" [lit. (4) mp 164-165OI. The identity was confirmed 
by elemental analysis, IR and NMR spectroscopy, and TLC. 


Deuterium oxide (99.75%)3, deuterium chloride (20% in deuterium 
~ x i d e ) ~ ,  and sodium deuteroxide (40% in deuterium oxide)3 were used 
for the preparation of the deuterium solvent buffer. All other chemicals 
were analytical reagent grade. 


Apparatus-NMR spectra were recorded on a 100-MHz spectrome- 
ter4 operating in a field sweep mode. Optical rotatory dispersion mea- 
surements were made on a recording spe~tropolarimeter~, using ther- 
mostated 1-cm cells. The apparent pH values of the reaction solution were 
measured using microelectrodes and a pH mete@, both before and at the 
end of the reaction. When no buffer or a low buffer capacity was used, 
a constant pH was maintained during the reaction by a pH-stat7. The pD 
values in deuterium solvent were obtained by proper correction (11) to 
the pH meter reading. 


Kinetic Procedure-NMR Study-Hetacillin potassium (80 mg) 
was dissolved in 2 ml of deuterium oxide buffer at 35O. The time was re- 
corded when the pH of the reaction buffer was corrected to the desired 
pD values by addition of 1 N NaOD by a pH-stat. As soon as possible after 
the pH adjustment, 1 ml of the reaction solution was placed in the NMR 
sample tube and left in the probe of the instrument'. 


The spectra were recorded at suitable time intervals, with sodium 
2,2,3,3-tetradeutero-3-(trimethylsilyl)propionate as the internal refer- 
ence. The temperature was maintained at  35 f 0.5" by a variable-tem- 
perature probe unit4. The NMR spectra of the phenyl groups and C-3 
protons were recorded with a twofold-scale expansion, and their signals 
were integrated on a spectrometer. The same procedure was used for 
epihetacillin and ampicillin sodium. 


Optical Rotatory Dispersion Study-The reaction was initiated by 


Phenyl k JWater 


c-10 


PARTS PER MI LLlON I 


Figure 1-NMR spectrum (100 MHz) of a synthetic mixture of heta- 
cillin (50%), epihetacillin (40%), and ampicillin (10%) in 0.2 M 
NaDC03-Na2CO3 buffer at pD 10.6. 


1ethylsilyl)propionate as internal standard. 
under water peak. 


Relative to tetramethylsilane as internal 


dissolving exactly weighed hetacillin potassium or epihetacillin into a 
buffer preheated to a suitable temperature (i0.05') to give a final con- 
centration of 6 X M. The 3 ml was replaced in a cell, which was 
thermally equilibrated (f0.05O) in the thermostated compartment of the 
spectrometer, and the optical rotatory dispersion change at 240 nm as 
the function of time was recorded. The reactions in deuterium solvent 
were also carried out in a similar manner as in water. 


The buffers used in NMR and optical rotatory dispersioq studies were 
NaDzP04-NazDPO4, NaDC03-NazCO3, Na2DP04-Na3PO4, H3B03- 
NazB207, NaHC03-Na2C03, and Na2HP04-Na3P04. The ionic strength 
of each solution was adjusted to 0.5 by the addition of potassium chloride. 
The pH and pD drifts during the reaction were within -10.02 and i0.05 
unit for optical rotatory dispersion and NMR studies, respectively. 


TLC Study-TLC was also employed to identify the degradation 
products and to verify the NMR and optical rotatory dispersion results. 
Aliquots, 10 pl, of the degradation solution (-1 X M) were applied 
to silica gel G precoated glass plates3 (5 X 20 cm) of 250-pm thickness. 
Chromatograms were run for 15 cm in acetone-acetic acid (955). Spots 
were visualized by spraying 0.5% aqueous permanganate reagent or by 
exposure of the plates to iodine vapor. 


Hetacillin, epihetacillin, ampicillin, and epiampicillin showed R/ values 
of 0.32,0.45,0.13, and 0.25, respectively. TLC of the standard solutions 
of the penicilloic acids of ampicillin and epihetacillin, synthesized by the 
method similar to that described by Schwartz and Delduce (12) for 
benzylpenicilloic acid, revealed virtually single spots with R f  values of 
0.05 and 0.17, respectively. All spots, except for epiampicillin, were de- 
tected by TLC of the degradation solution of hetacillin at high pH. 


RESULTS AND DISCUSSION 


Kinetic Study by NMR Spectroscopy-Table I summarizes the 
100-MHz spectral data of hetacillin, epihetacillin, and ampicillin in 
deuterium oxide and dimethyl sulfoxide-ds. Assignments were made on 
the basis of previous results (4, 13). Although the principal differences 
in the spectra of the two epimers were due to the characteristic protons 
at C-5 and C-6 ( J  = 4.0 Hz in hetacillin and J = 2.0 Hz in epihetacillin), 
these signal areas were unsuitable for monitoring the kinetics of hetacillin 
degradation because of considerable interference of other proton sig- 
nals. 


The chemical shifts for the C-3 methine groups differed by 0.1 ppm 


3 E. Merck AG, Darmstadt, West Germany. 
JNM-PS-100 NMR spectrometer, Tokyo, Japan. 
JASCO ORD-UV-CD-5 optical rotatory dispersion recorder, Tokyo, Japan. 
Model PHM-26, Radiometer, Copenhagen, Denmark. 
Radiometer pH-stat titrimeter assembly consisting of a PHM-26 pH meter, 


a TTTl l  titrator, an SBR3 titrigraph, and an ABUI2b autoburet. 


I 1 I I / ,  1 I 
8 7 6 5 4 3 2 1 0 


I 


PARTS PER MILLION 


Figure 2-NMR spectrum (100 M H z )  of a reaction mixture of hetacillin 
after 40 min in 0.2 M NaDC03-Na~C03 buffer a t  p D  10.6 and 35". 
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Table 11-Recoverv of Hetacillin. Euihetacillin. and Amuicillin from Synthetic Mixtures by NMR Suectroscopic Method 


Quantities Added, % Quantities Found, %a 


SamDle Hetacillin Epihetacillin AmDicillin Hetacillin Epihetacillin AmDicillin 


1 95 
2 75 
3 50 
4 45 
5 50 
6 25 


0 
0 


50 
55 
40 
60 


5 
25 
0 
0 


10 
15 


93 
75 
50 
44 
48 
26 


0 
0 


52 
56 
42 
62 


6 
25 
0 
0 


10 
15 


Calculated using Eq. I. 


among these @-lactam compounds and their B-lactam cleavage products 
and provided the best means for quantifying epimerization and also 
hydrolysis of hetacillin. A typical NMR spectrum of a synthetic mixture 
of hetacillin (50%), epihetacillin (40%), and ampicillin (10%) in 0.2 M 
carbonate buffer at pD 10.6 is depicted in Fig. 1. Signals due to the phenyl 
groups in these compounds all fell in the area of 7.40-7.50 ppm. If the total 
integration values for the range represent 100% of the phenyl groups 
present, then the amount of the three compounds may be calculated from 
each integrated value of the respective C-3 proton as follows: 


percent compound = ( 5 1 1 I ~ )  X 100 (Eq. 1) 


where IT = total integral value of the phenyl groups in the area of 
7.40-7.50 ppm, and I = integral value of the C-3 methine proton for he- 
tacillin, epihetacillin, or ampicillin. 


The recovery of known synthetic mixtures of the three compounds at  
lower pD than 10.6 was satisfactory, with standard deviation of less than 
f2% (Table 11). Although such tests at a more alkaline pD gave relatively 
poor recovery for hetacillin and epihetacillin because of rapid epimeri- 
zation and for ampicillin because of facile fi-lactam cleavage, each con- 
centration in the kinetic solutions at  the desired time after hetacillin 
dissolution in such a high alkaline buffer at the kinetic temperature might 
be determined reasonably by this analytical method. 


NMR spectra of the degradation solution of hetacillin in alkaline 
deuterium oxide solution showed that each proton for hetacillin a t  4.30 
(C-3), 5.08 (C-6), and 4.76 ((2-10) ppm decreased in intensity, accompa- 
nied by an increase and then a decrease in intensity of proton resonance 
at 4.39 ppm due to the C-3 proton and at 4.85 ppm due to the (2-10 proton 
of epihetacillin and at  4.19 ppm due to the C-3 proton of ampicillin. Two 
signals also appeared at  3.30 and 3.52 ppm, assigned to the C-3 protons 
of the p-lactam ring opening products, probably the penicilloic acids, of 
ampicillin and epiampicillin. However, there were no detectable signals 
corresponding to intact epiampicillin. During the reaction processes 
studied, the total integrated values for the phenyl proton area were 
constant and gave an IT value corresponding to five protons. The typical 
NMR spectrum for the degradation after 40 min in 0.2 M carbonate 


0 20 40 60 80 100 120 
MINUTES 


Figure 3-Time course for hetacillin (O), epihetacillin (@), and am- 
picillin ( A )  determined by NMR spectroscopy during the degradation 
of h e t a d i n  in 0.1 M NaDC03-Na2C03 buffer at pD 9.8 and 35'. Curves 
were generated by the analog computer simulation according to  Scheme 
I and the kinetic parameters listed in Table I I I .  


buffer at pD 10.6 and 35" is illustrated in Fig. 2. 
Figures 3,4, and 5 give typical plots of the mole percents for hetacillin, 


epihetacillin, and ampicillin, calculated from the integral value of the 
C-3 proton for each compound using Eq. 1, as a function of time for the 
degradation of hetacillin a t  pD 9.8, 10.6, and 11.4, respectively. The 
completed curves were generated from an analog computer8 according 
to Scheme I. The kinetic parameters used are listed in Table III; the rate 
constants, k h  and kg,  were determined directly from the degradation of 
epihetacillin and ampicillin under the same conditions, and the k3 value 
was assumed to be zero. In all cases, reasonably good agreement was found 
between the experimental values for each species and the computer- 
drawn curves (Figs. 3-5). These results indicate that the present NMR 
method is sufficiently accurate for simultaneous determination of he- 
tacillin, epihetacillin, and ampicillin from a kinetic solution. 


The reaction of epihetacillin at pD 9.8.10.6, and 11.4 gave no detectable 
amount of hetacillin. This result is consistent with the previous report 
(5) of the irreversible conversion of hetacillin into epihetacillin. The 
degradation products from hetacillin in deuterium oxide at high pD were 
also confirmed by TLC studies to be in accordance with the NMR ob- 
servations. These results strongly support the assumption that the deg- 
radation of hetacillin, in the pD ranges examined, follows the reaction 
route illustrated in Scheme I. The reversible reaction of ampicillin and 
acetone to form hetacillin gave only a negligible contribution under the 
present experimental conditions. 


Kinetic Study by Optical Rotatory Dispersion Spectroscopy-By 
utilizing the large difference in optical rotatory dispersion maxima near 
240 nm between hetacillin ([+]~4,3~,,, = 3.40 X lo3) and epihetacillin 
( [+ ]~38~ , , ,  = 2.12 X lO3), Mitscher et al. (14) proposed a useful method 
for monitoring the kinetics of epimerization of hetacillin in aqueous so- 
lution. Loss of the 238-nm optical rotatory dispersion peak with time in 
glycine buffer a t  pH 11 and 23.8O followed a biexponential process in 
accordance with the following general equation (14): 


rotation = Ae-"' + Be-2t (Eq. 2) 


l o o h  


20 


I I I I I I I 
0 10 20 30 40 50 60 


MINUTES 
Figure 4-Time course for hetacillin (O), epihetacillin (e), and am- 
picillin (A) determined by N M R  spectroscopy during the degradation 
of hetacillin in 0.2 M NaDCOs-NazC03 buffer at p D  10.6 and 35'. 
Curves were generated by the analog computer simulation according 
t o  Scheme I and the kinetic parameters Listed in Table III. 
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Table 111-Various Ra te  Constantsa for the  Degradation of Hetacillin, Epihetacillin, and  Ampicillin Determined by NMR and Optical 
Rotatory Dispersion (ORD) Spectroscopic Methods in Water  a n d  Deuterium Oxide under  Various Conditions at 1.1 = 0.5. 


Buffer Solvent 


PH Rate Constants, hr-I or Temper- Analytical 
DD ature hib k 2  k 4  k a  Method 


0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Borate 
0.1 M Carbonate 
0.1 M Carbonate 
0.1 M Carbonate 
0.2 M Carbonate 
0.2 M Carbonate 
0.1 M Carbonate 
0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Phosphate 
0.025 M Phosphate 
0.05 M Phosphate 
0.1 M Phosphate 
Sodium hydroxide 
Sodium hydroxide 
Sodium hydroxide 
Sodium hydroxide 
Sodium deuteroxide 
Sodium deuteroxide 
Sodium hydroxide 
0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Phosphate 
0.1 M Phosphate 


Deuterium oxide 
Deuterium oxide 
Water 
Deuterium oxide 
Water 
Water 
Deuterium oxide 
Deuterium oxide 
Water 
Water 
Deuterium oxide 
Deuterium oxide 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Deuterium oxide 
Deuterium oxide 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


6.0 
6.0 .~ 


9.7 
9.8 
9.9 


10.3 
io.6 
10.6 
10.7 
11.1 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.6 
12.0 
12.3 
12.4 
12.4 
12.5 
11.0 
11.4 
11.5 
11.2 
11.4 
11.6 


35" 
35" 
35O 
35" 
35" 
35" 
35" 
35" 
35O 
35" 
35" 
35" 
35" 
35" 
35" 
35" 
35O 
35" 
35" 
35O 
35" 
35" 
30" 
3O0 
30" 
25" 
25" 
25" 


- 


0.88 
0.20 
1.10 
1.80 ~ .. 


1.30 
1.55 
3.30 
7.18 
8.00 
8.38 


22.3 
22.0 
22.3 
22.1 


2.80 
7.90 


11.0 
2.00 
4.20 
5.90 


1.60 


- 
0.30 
- 


- 
0.53 
0.08 
0.10 
0.09 
0.12 
0.11 
0.10 
0.14 
0.20 
0.12 
0.10 
0.25 
0.27 
0.38 
0.23 
0.27 
0.65 
1.54 
0.69 
0.65 
1.65 
0.08 
0.15 
0.16 
0.05 
0.08 
0.09 


NMR 
NMR 
ORD 
NMR 
ORD 
ORD 
NMR 
ORD 
ORD 
ORD 
NMR 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
NMR 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 


a Rate constants are defined in Scheme I. * The value was obtained from the ass 
would be almost equal to k l  values (see text). 


where A ,  B, a, and P are constants. Although Mitscher et al. (14) sug- 
gested that the results of rotation change reflect epimerization followed 
by hydrolysis, theoretical implications of Eq. 2 or detailed kinetics of 
epimerization of hetacillin by means of the optical rotatory dispersion 
method have not been reported. 


The rotation at any time during the reaction of hetacillin, Rt, may be 
the sum of the rotation of the individual species of hetacillin (I), ampicillin 
(11), epihetacillin (111), epiampicillin (IV), and penicilloic acids of the last 
three compounds, V-VII, as follows: 


Rt = @I[Il + +Id111 + @lIl[IIIl + +IVIIVI 
+ @v[V] + @vr[VI] + @vir[VII] (Eq. 3) 


where @i refers to the molar rotation coefficient of the i th species. In 
aqueous solution at pH >lo, the amount of intact p-lactam compounds 


2oLLA&* 0 


0 10 20 30 40 50 60 
MINUTES 


Figure 5-Time course for hetacillin (O), epihetacillin (@), and am- 
picillin ( A )  determined by NMR spectroscopy during the degradation 
of hetacillin in 0.1 M Na2DPO4-NaflO4 buffer at p D  11.4 and 3 5 O .  
Curves were generated by the analog computer simulation according 
to Scheme I and the kinetic parameters listed in Table III. 


iumption that (kl + kZ) values determined by the optical rotatory dispersion method 


I1 and IV may be negligible because of their slow formation rate and the 
fast degradation rate of the P-lactam rings. These speculations were 
confirmed using TLC for the degradation of hetacillin a t  pH >10 and 35". 
Equation 3 can be reduced to: 


Rt = @1[1] + @III[III] + %[V] + @vl[VI] + @VH[VII] (Eq. 4) 


and the following approximate relationship can be derived: 


[V] + [VI] + [VII] = co - ([I] + [III]) (Eq. 5) 


o.8 0.6 tL h 
Curve 1 
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Figure 6-First-order plot for the decrease in optical rotatory disper- 
sion at 240 nm for the degradation of hetacillin (0,6 X M) and 
epihetacillin ( 0 , 6  X lov4 M) in 0.1 M Na2HP04-NazPO4 buffer at p H  
11.1 and 35". Curve 2 is a first-order plot for epimerization and hy- 
drolysis. 
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Figure 7-Log k-pH (PO) profiles for the epimerization of hetacillin 
in water (0) at various temperatures and in deuterium oxide (8)  at 
35". 


where CO represents the initial concentration of hetacillin. Results from 
the degradation of epihetacillin and ampicillin a t  pH >10 gave, within 
the experimental error, an approximate and simple relationship a t  240 
nm: 


@vCo = +v~Co = @vIICo = R ,  (Eq. 6) 


Since the reversed reaction from ampicillin and acetone to hetacillin may 
be negligible in a sufficiently dilute solution of hetacillin, the time de- 
pendence of [I] and [III] can be given by the following equations from 
Scheme I: 


[I] = Coe-(kl+kz)' (Eq. 7) 


Co[e-k4t - e - ( k ~ + k z ) t  1 (Eq. 8 )  
k i  


(k l  + k2) - k4 
[III] = 


These specific situations in a highly basic solution can lead to Eq. 9 for 
the Rt change at 240 nm: 


R, - R ,  = Ae-(kl+k~)t + &-k4L (Eq. 9) 


where: 


0%. 11) 


Equation 9 is essentially in agreement with that found by Mitscher et al. 


Figure 6 shows a typical plot of log (Rt - R,) versus time for the deg- 
radation of hetacillin and epihetacillin in 0.1 M phosphate buffer (p = 
0.5) at pH 11.1 and 35". Since k l  + k2 is faster than k4, e - ( k i + k z ) t  ap- 


k l  


(k i  + k z )  - k4 
B = (%Co - Rm) 


(14). 


Table IV-Epimerization Rate Constants of Hetacillin at 
Various Temneratures and  u = 0.5 


~ ~ 


Solvent Temperature k,,, M-' hr-l 


Water 25" 1.29 x 103 
Water 30' 2.05 x 103 
Water 35" 3.84 x 103 
Deuterium oxide 35" 1.04 x 104 


- 
I 4000 c, 
L 


-5 - 
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$ 2000 
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2 1000 
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Figure 8-Arrhenius plot of the second-order epimerization rate con- 
stant, k,,, of hetacillin. 


proaches zero at some time point. There will remain a term in e-k4t, and 
the plot of log (R, - R,) versus time will be linear with a slope of -k4/ 
2.303. This linear portion of the curve may be extrapolated to zero time, 
and the value of (R, - R,) along this portion of the line represents the 
contribution of the term in e-k4i to the overall value. Thus, subtraction 
of this term from the observed (Rt - R,) leaves only the term e--(kl+b2)t. 


Then a plot of the logarithm of these residuals against time should be 
linear with a slope of - ( k l  + k2)/2.303 (curve 2 in Fig. 6). The linear 
portions corresponding to BePk4' were essentially identical a t  pH > 10 
to the portion for epihetacillin itself, obtained from independent mea- 
surements at the same concentration under the same conditions as shown 
in Fig. 6, indicating the validity of Eq. 9 and suggesting the relation of 
k i  >> k p ,  k4. 


Calculation of each value of k l  and kz  is theoretically possible from the 
intercept value of A or B.  However, when taking into account the ex- 
perimental error and large contribution of k l  in the ( k l  + k2) value, it 
seems reasonable to assume for the data a t  pH > 10 that  the ( k l  + k2) 
values thus determined are approximately equal to the epimerization rate 
constant, k l .  These rate constants are summarized in Table 111. The k l  
and k4 values determined a t  pD 10.6 and 11.4 by optical rotatory dis- 
persion spectroscopy are in satisfactory agreement with those determined 
by NMR spectroscopy. 


The results in phosphate buffer and sodium hydroxide solution at pH 
11.4 (Table 111) revealed that the apparent epimerization rate constants, 
k 1 ,  were almost independent of the buffer concentration used. Since the 
C-6 epimerization of penicillin is known to proceed by general base ca- 
talysis (15, 16), the present results indicate that the general base-cata- 
lyzed epimerization rate of hetacillin may be negligible compared with 
the hydroxide-ion-catalyzed process in the experimental pH range. 


pH-Rate Profile and  Temperature  Dependence for  Epimeriza- 
tion of Hetacillin-Plots of log k l  against pH (pH > 10) or pD for var- 
ious temperatures in water and in deuterium oxide are illustrated in Fig. 
7 and yielded straight lines with a slope of unity in each case, verifying 
a first-order dependence on the hydroxide ion. The rate law may be 
written as: 


k l  = kepaoH- (Eq. 12) 


k i  = k e p ( a H + / K w )  (Eq. 13) 
where k,, represents the second-order rate constant for hydroxide- 
ion-catalyzed epimerization; and aOH- and aH+ refer to the activity of 
the hydroxide ion and hydrogen ion, respectively, which were calculated 
from pH measurements and the autoprotolytic constant in water (17) 
and deuterium oxide (18). The rate constants, k,,, consistent with the 
experimental results in water and deuterium oxide are shown in Table 
IV. 


Since the epimerization of hetacillin was suggested (5, 15) to occur 
through a rate-limiting formation of an enolate intermediate resulting 
from the proton subtraction of the acidic C-6 proton by a hydroxide ion, 
the ratio kFiO/k$o = 2.7 may be attributed to the difference in base 
strength between deuteroxide and hydroxide ions. Subsequent repro- 
tonation gives the thermodynamically more stable epihetacillin; then 
epimerization proceeds irreversibly, as noted previously (5) .  
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An Arrhenius plot for k,, is illustrated in Fig. 8. By applying the 
method of least squares to the plots, the energy of activation for epi- 
merization to epihetacillin was 21.2 kcal/mole. 


In plots of log 121 versus pH at 35O in water, slight positive deviation 
from the first-order dependence on the hydroxide ion was observed a t  
alkaline pH < 10 (not presented in Fig. 7). This result may have been due 
to the considerable contribution of the hydrolysis rate, kz, to the k l  value 
estimated from the optical rotatory dispersion method. This result would 
occur because of the pH-dependent degradation behavior of hetacillin 
in which the epimerization process is a major pathway in a highly basic 
solution, whereas hydrolysis to  ampicillin becomes increasingly signifi- 
cant in medium basic and neutral solutions (2,3,6). 


No significant P-lactam cleavage reaction probably would take place 
in hetacillin itself, since'the disappearance of hetacillin was virtually 
accompanied, even in highly basic solutions, with two competing reac- 
tions, the formation of epihetacillin ( k  1 reaction) and the conversion to 
ampicillin (kz reaction), as verified by quantitative NMR studies (Figs. 
3-5). The extreme stability of the P-lactam in the hetacillin molecule was 
also revealed in epihetacillin degradation. The kq reaction concerned with 
the disappearance of epihetacillin is controlled by hydrolysis of the 0- 
lactam ring and conversion to epiampicillin. The pH dependency of k d  
at 35" (Table 111) indicates that the hydroxide-ion-catalyzed hydrolysis 
of the o-lactam moiety of epihetacillin is predominant above pH 11.5, 
and conversion to epiampicillin seems to  be significant below this pH. 


The second-order rate constant for the @-lactam hydrolysis of epi- 
hetacillin was calculated to be 65.8 M-' hr-' at  35", one-twentieth of the 
value for the hydrolysis of ampicillin 0-lactam (19). The remarkable 
stability of both p-lactam rings of hetacillin and its epimer may be at- 
tributed to the steric hindrance of gem-dimethyl groups of the imida- 
zolidine rings toward the attack by a hydroxide ion. 
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Reactions of Benzenesulfonohydrazides and 
Benzenesulfonamides with Hydrogen Chloride or 
Hydrogen Bromide in Acetic Acid 


D. K. YUNG 
A. R. MANZER *, and M. L. GILROY * 


T. P. FORREST*, 


Abstract n Benzenesulfonohydrazides capable of yielding a sulfinic acid 
intermediate by virtue of a basic nitrogen atom in the second position 
of the hydrazide moiety produced thiosulfonates when treated with 1 N 
hydrogen chloride in acetic acid and produced disulfides when treated 
with 1 N hydrogen bromide in the same solvent. In two cases, a crystalline 
mixture of p-nitrophenyl p-nitrobenzenethiosulfonate and bis(p-ni- 
trophenyl) disulfide was isolated from the hydrogen chloride reactions. 
No reaction product was obtained from either the hydrogen chloride or 
hydrogen bromide reaction with benzenesulfonohydrazides that were 
unable to  form a sulfinic acid intermediate. Reduction of benzenesul- 
fonamides to disulfides appeared to be possible only with hydrogen 
bromide in acetic acid. No thiosulfonate was isolated from the treatments 
of benzenesulfonamides with 1 N hydrogen chloride in acetic acid. p- 


Nitrophenyl p-nitrobenzenethiosulfonate and p-bromophenyl p-bro- 
mobenzenethiosulfonate exhibited some antimicrobial activities against 
Gram-positive bacteria. The latter compound also showed analgesic 
properties in the phenylquinone test. 


Keyphrases Benzenesulfonohydrazides and benzenesulfonamides 
-reaction with hydrogen chloride or bromide in acetic acid, pharmaco- 
logical activity of thiosulfonates formed Thiosulfonates-formed by 
reaction of benzenesulfonohydrazides and benzenesulfonamides with 
hydrogen chloride in acetic acid, pharmacological activity screened 
Antimicrobial activity-screened in thiosulfonates formed by reaction 
of benzenesulfonohydrazides and benzenesulfonamides with hydrogen 
chloride in acetic acid 


While preparing some potential antimicrobial unsym- 
metrical piperazine compounds, it was necessary to syn- 
thesize 1 - (p -acetamidobenzenesulfonamido)piperazine 
from l-(p-acetamidobenzenesulfonamido)-4-ethoxycar- 


bonylpiperazine ( la ,  Table I). Removal of ethoxycarbonyl 
groups of piperazine derivatives is usually accomplished 
by either acidic or alkaline hydrolysis (1,2). 


A nonhydrolytic method utilizing dry hydrogen bromide 
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cube root law (2) and log normall (3). So that a meaningful 
comparison could be made between the three dissolution 
laws, it was arranged that disj(t) for the fastest dissolving 
formulation reached 90% at the same time for each law and 
that the slowest dissolving formulation had reached lo?? 
at  this time. The rate constants h.2 and h.3 were fixed at  5 
and 0.5 in one trial and at  5 and 0.1 in another. The time 
units are arbitrary. 


The dissolution profiles for the three laws are shown in 
Fig. 1, and the values of H(t)  calculated using Eq. 1 are 
listed in Tables I and 11. To obtain a better appreciation 
for the numbers, the plasma profile appropriate to the 
slowest dissolving formulation was calculated using the 
H(t ) appropriate to the fastest dissolving formulation and 
compared to the correct profile for each dissolution law. 
These values are displayed in Fig. 2. 


Discussion-Although extensive parameter searches 
were not carried out, general trends revealed themselves. 
First, it is surprising how well the method works in these 
simulations at  early times, i.e., when dissolution is not 
complete. Vaughan and Leach (1) stressed this finding, and 
it is only reasonable that the method must break down 
when the drug in the fastest dissolving formulation has 
completely dissolved. As mentioned earlier, the method 
will be of most use when the dissolution rate limits input 
to the body. This condition was ensured in these simula- 
tions by having the drug pass rapidly through compart- 
ment B such that the ratio of A / ( A  + B )  was nearly 1 (0.98 
for the linear case). Reducing h.3 increased the time over 
which there was close agreement between the predicted 
and correct values, but this agreement still only occurs on 
the rising phase of the plasma profile. 


However, two important parameters are badly predicted 
by this method: the peak plasma concentration and the 
time required to reach it. The peak plasma concentration 
averages 30-4096 in error, while the time required to reach 
it is over 100% out. The results for the log normal dissolu- 
tion are particularly bad, but this function is probably “too 
nonlinear.” To be of use to the pharmaceutical industry 
or the clinician, both parameters would need to be pre- 
dicted better. Thus, we warn against noncritical use of the 
method, but the method can be very useful in certain in- 
stances. To obtain reliable prediction, the mechanism of 
dissolution between formulations should be the same both 
in vitro and in vivo (as emphasized by Vaughan and 
Leach). Since the time over which the predictions are re- 
liable is limited by the fastest dissolving formulation to be 
of use, the dissolution profiles of the formulations to be 
compared must be similar. 


In the present analysis, we took the optimal situation 
in which the in uitro dissolution profile has been assumed 
to be exactly the same as occurs in uiuo. If the time scales, 
however, are different-and this cannot be predicted a 


The dissolution profile for the log normal law was calculated using Wagner’s 
(3) method: 


d A -  e - ’ X  
dt  Q / 2 ; i o t G  


and: 
loglot - x mean 


x =  
U 


where x mean and u are the mean and standard deviation of the distribution, re- 
spectively. However, rather than fixing x mean and letting u vary as Wagner did, 
we fixed the ratio of x meank (= 5), thus giving a more realistic spread of dissolution 
profiles. 


priori-the difficulties that are created may invalidate the 
method. 
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Screening Procedure for Phorbol Esters 
Using Brine Shrimp (Arternia salina) Larvae 


Keyphrases Phorbol esters, various-toxicity to brine shrimp larvae 
related to cocarcinogenic potency Brine shrimp larvae-toxicity of 
various phorbol esters related to cocarcinogenic potency Toxicity- 
variousphorbol esters to brine shrimp larvae, related to cocarcinogenic 
potency 0 Cocarcinogenic potency-various phorbol esters, related to 
toxicity to brine shrimp larvae 


To the Editor: 
In the continuing search for anticancer agents of natural 


origin, the recently discovered antileukemic property of 
phorbol12-tigliate 13-decanoate (l) ,  from Croton tigliurn 
(Euphorbiaceae), is interesting since phorbol esters are 
better known as irritant cocarcinogens (2). Unlike other 
naturally occurring anticancer compounds, intensive work 
has been performed on the activity of phorbol esters in 
two-stage carcinogenesis experiments, including their in- 
teractions with nucleic acids and their effect on the uptake 
of precursors of these and other macromolecules by the 
mammalian cell (3). Isolation of further phorbol and re- 
lated esters from the plant kingdom could, in addition to 
providing possible new antileukemic agents, yield unique 
structure-activity information on the complex relation- 
ships between irritancy, cocarcinogenicity, and antileu- 
kemic activity a t  the cellular level. 


During the fractionation, of anticancer compounds from 
plant sources, there is often a considerable delay between 
isolation and receipt of biological data. Several screening 


Table I-EDso’s of Phorbol Esters and Two Piscicides to A. 
salina Larvae (Brine Shrimp) 


95-100’36 
Confidence 


Limits, 
Compound ED509 d m l  I ED, rglml 


Phorbol 12-tetradecanoate 13- 3.8 1.96 1.9-7.4 


Phorbol12,13-didecanoate 6.8 1.96 3.5-13.3 
Phorbol 12,13-dibenzoate 11.8 1.96 6.0-23.1 
Phorbol 
4a-Phorbol12,13-didecanoate >loo0 - - 
Rotenone 
Picrotoxin 2510 1.75 1430-4400 


acetate 


>loo0 - - 


0.5 1.71 0.3-0.9 
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procedures to hasten this time period previously were 
employed, including the use of goldfish (1) and killifish (41, 
acute toxicity to frogs (2), and irritant activity on the 
mouse ear (2). All of these methods require some cost in 
the provision of specialized laboratory personnel and in 
animal housing and maintenance. We have found the 
toxicity to brine shrimp (Artemia salina) larvae to be se- 
lective between phorbol esters of different cocarcinogenic 
potencies (1) and also to be sensitive when compared with 
the piscicides rotenone (4) and picrotoxin (5). This method 
not only allows the recovery of samples and requires little 
capital outlay of laboratory space but is capable of being 
performed by persons with little formal training in biolo- 
gy - 


In the laboratory procedure, brine shrimp nauplii were 
hatched in artificial sea water and separated from un- 
hatched eggs 2 days after seeding. Since phorbol esters are 
unstable even in the solid form (6), their purity was af- 
firmed in several TLC systems (7). Solutions prepared in 
methanol were pipetted into numbered 30-ml beakers, 
with each dilution varying from the last by a factor of log 
2. The solvent was removed, the residue in each beaker was 
dissolved in 0.2 ml of 1% polysorbate 60, and 2.8 ml of a 
brine shrimp suspension was added so that 30-50 A. salina 
were contained in 3.0 ml. 


Forty-eight hours after setting up the experiment, 
counts were made of dead shrimp. The total population 
count was determined after sacrifice of survivors with 
37.5% formaldehyde solution. Spontaneous mortality in 
polysorbate controls was <1% and was not considered in 
subsequent statistical evaluation. Mean values of percent 
dead animals were plotted on probability paper against log 
doses, and 95-10096 confidence limits of the effective 
mortality dose (EDSO) were obtained in micrograms per 
milliliter by the method of Litchfield and Wilcoxon (8). 
Satisfactory statistical limits were obtained when eight 
replicates per compound were employed. 


The potentiality of A. salina as an organism for moni- 
toring phorbol esters is clearly shown in Table I. The highly 
cocarcinogenic compounds phorbol 12-tetradecanoate 
13-acetate and phorbol12,13-didecanoate and the weaker 
cocarcinogen phorbol 12,13-dibenzoate approached the 
high lethality of rotenone, approximately in proportion to 
their tumorigenic potencies (3). The low toxicity of pi- 
crotoxin demonstrated that the test system was not gen- 
erally sensitive to potent phytotoxins. Phorbol, an inactive 
irritant cocarcinogen, did not affect the brine shrimp. The 
differential response of this Crustacean branchiopod to 
phorbol12,13-didecanoate and its 4a-isomer, which is not 
cocarcinogenic, shows for the first time structural speci- 
ficity about the C-4 hydroxyl of the tigliane skeleton in an 
invertebrate system. 
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Pharmaceutics of Solids and Solid Dosage Forms. By JENS T. 
CARSTENSEN. Wiley, 605 Third Ave., New York, NY 10016,1977. 
256 pp. 16 X 24 cm. Price $18.50. 
This book was developed by Dr. Carptensen from the material he uses 


for a 4th-year pharmacy course. In the Preface, the author quite rightly 
points out that the “area of pharmaceutical solids constitutes a fasci- 
nating field of knowledge.” The book covers some of the basic physical 
chemistry of solid dosage forms and includes a comprehensive treatment 
of the more common solid dosage forms used in current practice. 


At the end of each chapter, there are a short list of relevant references, 
some problems (calculations), and some questions. 


The chapters are logically ordered, and the presentation of concepts 
is lucid. The numerous figures are well drawn and will greatly assist the 
student using this text. Furthermore, the book seems commendably free 
of errors (although a new word, “hepticlation,” appears on p. 208), and 
the index is well prepared. 


Of course, it is inevitable that iq any boqk qf this type, one can find 
statements with which one does not agree. Thus, on p. 163 the author 
states: “A directly compressed tablet (and most often also a slugged 
tablet) will disintegrate into the particles from which the original blend 
was made.” This is a generalized assertion that this reviewer regards as 
unjustified. Experimental data clearly suggest that, in direct compression, 
both particle fracture and cold welding can occur, so the particle-size 
distribution can be significantly altered by the compactiop process. 


Some readers may feel that the rather brief chapter (19 pages) titled 
Biopharmaceutics of Solids migbt have been omitted, since the topic of 
Biopharmaceutics justifies a much fuller treatvent (ie., a separate 
course) and it seems somewhat artificial to separate the biopharmaceutics 
of solids from other dosage forms. 


The last 46 pages of the book are devoted to a description of selected 
laboratory experiments. Many of these are particularly interesting. This 
reviewer was intrigued by Carstensen’s description of scheduling prob- 
lems for students; it was good to know that in Wisconsin at least, some 
students are prepared to attend a laboratory session on Monday eve- 
nings! 


This book can be recommended as providing a useful basis for those 
planning an undergraduate pharmacy course on dosage forms. Parts of 
it may also be very useful for some gFaduate courses. 


Reuiewed by Christopher T. Rhodes 
Department of Pharmacy 
College of Pharmacy 
University of Rhode Island 
Kingston, RI 02881 


boron protecting group. Chapter 2 examines the use of benzylidine ace- 
tals, for example, in the synthesis of 1,2-trans-glycosides. Chapter 4 de- 
scribes the synthesis of oxaprostaglandins and C-nucleosides and the 
mutational synthesis of aminoglycoside antibiotics. Chapter 5 presents 
valuable generalizations for predicting the Cotton effect among hetero- 
cycles linked to a sugar or hydroxyalkyl moiety. Chapter 6 describes the 
use of 2-deoxy-2-phthalimido-~-glucopyranosyl halides in the synthesis 
of ~-amino-2-deoxy-fl-D-glucopyranosides. 


In Chapter 7, the authors relate their experiences with the chemistry 
qf the pnsaturated sugar D-glucal, especially as that chemistry relates 
to the synthesis of aminpglycoside antibiotics. Chapter 8 furnishes a good 
review of methods of incorporation of heteroatoms other than oxygen 
into sugar rings. Chapter 9 describes the facile synthesis and the prop- 
erties pf previously inaccessible 1-0-acyl-a-D-glucopyranose derivatives. 
Chapter 10 reports the synthesis and chemical properties of levoglusenone 
(1,6-anhydro-3,4-dideoxy-fl-~-g~ycerohex-3-enopyranos-2-ulose), a 
pyrolysis product of cellulose. Chapter 11 affords answers to longstanding 
questions about the mechanism of osazone formation. 


Chapter 12 reviews the synthesis of polyhydroxyalkyl-substituted 
furana, pyrroles, 1,5,6,7-tetrahydroipdol-4-ones, pyrimidines, imidazo- 
lines, and imidazoles uia reaction of glycosides and aminoglycosides with 
8-dicarbonyl compqunds. In Chapter 13, the authors discuss the reactions 
between sugars and aromatic hydrocarbons and suggest that similar re- 
actions occur between lignin and carbohydrates when wood converts to 
coal. Chapter 14 reports the synthesis of Amadori-type sugar derivatives 
of several biogenic amines (e.g., serotonin) and examines the biological 
properties of some of these compounds. Chapter 15 reviews the structures 
of some bioactive glycolipids and details sophisticated reactions leading 
to their synthesis. 


My first impression was that, because of the highly technical nature 
of much of this work, its appeal would be restricted to those engaged di- 
rectly in carbohydrate research. After more consideration, I feel that the 
work should have wide appeal among medicinal chemists. Many of the 
synthetic procedures are elegant, are accompanied by excellent mecha- 
nistic explanations, and appear to have synthetic potential not restricted 
to carbohydrates. Also, some of the areas discussed, such as glycolipids, 
have immediate pedicinal chemical significance. 


Reuiewed by Eugene I. Isaacson 
College of Pharmacy 
Idaho State University 
Pocatello, ID 83201 


Synthetic Methods for Carbohydrates, ACS Symposium Series 39. 
Edited by HASSAN S. EL KHADEM. American Chemical Society, 
1155 Sixteenth St., N. W., Washington DC 20036,1977.278 pp. 14 X 
23 cm. Price $19.50. 
The book consists of 15 separately authored chapters, each of which 


reviews and reports original research in an important area of carbohydrate 
chemistry. The invited authors have made internationally notable con- 
tributions in the areas they discuss. Some chapters are more important 
and sophisticated than others. However, the material in each chapter is 
deftly and authoritatively handled. In each chapter there is much explicit 
and detailed technical information. In three chapters, the authors appear 
to have had some problems translating into English. This is a minor flaw 
in view of the high competence of the authors in the important areas they 
present. 


The advancing sophistication in synthesis of carbohydrates is im- 
pressive, as is the expanding knowledge of the biological importance of 
carbohydrate structure. Also, some of the synthetic procedures employed 
to affect specific changes in the polyfunctional carbohydrates may find 
direct application in the synthesis of medicinal agents not directly related 
to carbohydrates. 


The following is a sampling of the contents of the book. Chapter 1 ex- 
plores the preparation, properties, and range of utility of the 0-ethyl- 


An Introduction to Phytopharmacy. By M. S. F. ROSS and K. R. 
BRAIN. Pitman Medical, 42 Camden Road, Tunbridge Wells, Kent 
TNl2QD, England, 1977.305 pp. 14 X 22 cm. Price f7.00. 


As stated in the introduction (Chapter l ) ,  this book indeed provides 
an “integrated approach to the consideration of plants and drugs.” It has 
very broad coverage of several aspects relating to the pharmacy disciplines 
such as botanical, chemical, pharmaceutical, and pharmacological. 


The book is divided into two parts. The first part (Chapters 1-5) deals 
with general principles, and the second (Chapters 6-17) deals with spe- 
cific pharmacologically active drugs of plant origin. 


Chapter 2, Plants and Their Constitueets, is an excellent brief account 
of the fundamental elements of plant biology as well as important groups 
of biologically active plant constituents such as the alkaloids, the glyco- 
sides, and the isoprenoids. This chapter emphasizes that plants are of 
importance to the pharmacist. Chapter 3, From Plant to Isolate, covers 
the fundamental principles and methods for the isolation of active 
components, including extraction and chromatographic separation 
techniques. Figure 3.7 showing separation of alkaloids and phenolics is 
neither clear nor adequate. Perhaps a more detailed flow sheet dealing 
with the separation of certain specific examples of alkaloidal drugs would 
be more impressive. 


Chapter 4, Drug Variability, is concerned with the yield and quality 
of plant drugs. Chapter 5, The Searah for Novel Plant Drugs, is well 
written and involves discussions of the development of new plant drugs. 
Chapter 6, Drugs Acting on the Central Nervous System, includes plant 
copstituenta used as analgesics, stimulants, and muscle relaxants. 
However, the traditional structure for tubocurarine as given in Fig. 6.2 
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is incorrect; it is not a bis quaternary but is rather a mono quaternary 
combined with a tertiary amine moiety. 


Chapter 7, Drugs Affecting the Mind, briefly discusses psychothera- 
peutic drugs, hallucinogenic drugs, and cannabis and is a pleasure to read. 
Chapter 8, Ophthalmic Drugs, covers tropane, pilocarpine, arecoline, 
muscarine, cocaine, and related alkaloids, with emphasis on the tropane 
alkaloids. Chapter 9, Drugs Acting on the Cardiovascular System, dis- 
cusses cardiac glycosides, hypotensive agents, and anticoagulants. The 
portion dealing with cardiac glycosides is well written and provides in- 
teresting reading. Chapter 10, Steroid Hormones, introduces plant 
sources for steroidal sapogenins that serve as starting material for the 
clinically useful semisynthetic steroids. Other chapters (11-17) describe 
GI agents, drugs affecting respiration, vitamins, antibiosis, natural toxic 
agents, crop protection agents, and formulation aids. As the names of 
these chapters imply, the authors have made a great effort to correlate 
plants and drugs from diversified subjects. 


In general, the coverage is good and thorough, despite the fact that the 
literature survey is in most cases only up to 1973. The text is easy to read, 
although the stereochemistry of many well-known drugs included in this 
volume is not indicated. 


The book would be a useful addition to undergraduate libraries with 
interests in drugs of plant origin and would be complementary to ad- 
vanced undergraduate courses in natural product chemistry. 


Reuiewed by Kuo-Hsiung Lee 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


“Experimental Pharmaceutics” is not a complete textbook in itself. 
Use of the manual requires the guidance of an instructor willing to provide 
or point out references for the student to read. Several lists of references 
are strategically located in the manual. The publication is flexible in that 
each section is complete in itself, so that certain sections could be used 
without using the others. In fact, parts of a section could be utilized to 
reduce laboratory or discussion time. 


The authors have provided, in the appendix, certain valuable data such 
as dissociation constants, freezing-point depressions, sodium chloride 
equivalents, ophthalmic buffer systems, and hydrophile-lipophile balance 
values. The authors have pointed out the importance of presenting data 
in a clear, concise manner and have included an outline of how to present 
experimental data. 


In this manual, the authors have put together a logical outline of 
pharmaceutical systems, each supported with an adequate number of 
pharmaceutical preparations for the student to make and evaluate. The 
physical science concepts of pharmacy are integrated nicely into the 
preparation and evaluation of pharmaceutical dosage forms. “Experi- 
mental Pharmaceutics” is highly recommended for use as a laboratory 
manual in beginning courses in pharmaceutics. 


Reuiewed by Elmer M. Plein 
School of Pharmacy 
Uniuersity of Washington 
Seattle, W A  98295 


Experimental Pharmaceutics, 4th Ed. By EUGENE L. PARROTT 
and WITOLD SASKI. Burgess, 7108 Ohms Lane, Minneapolis, MN 
55435,1977. vi + 338 pp. 21 X 28 cm. Price $10.95. 
This laboratory manual, composed of 31 chapters and an appendix, 


is divided into five sections: metrology, solids, solutions, polyphasic 
systems, and plastic systems. 


The authors have presented the material in a manner that relates 
pharmacy to a mathematical, scientific basis without presupposing a 
background in calculus or physical chemistry. The manual is different 
from many in the same field in that pharmaceutical preparations or 
dosage forms as such are not emphasized. They are, however, considered 
within their general classification by physical state to point out their 
relationships and similarities. 


Solids can be used as an example of the method of presenting the ma- 
terial. The authors first consider the characteristics of particles and the 
means of reducing particle size. The blending of solids and some prop- 
erties of solids are then presented. Methods of combining powdered 
materials to produce dosage forms of larger size such as granules, tablet 
triturates, and compressed tablets follow. Experiments on solids include 
also the coating of tablets and means of evaluating the solid dosage forms 
by in uitro and in uiuo tests. The in uiuo test is a urinary recovery test. 
In this series of experiments with solids, the student is taught techniques 
and skills in manipulating solids with various types of hand and mecha- 
nized equipment, specifications of solid dosage forms, physical testing 
by in uitro procedures, and bioavailability testing and evaluation by in 
uiuo procedures. 


Students are asked to complete tables and fill in blanks in the manual 
with information that they have gathered from their experiments and 
from assigned readings. Adequate space and graphs are provided for these 
purposes. 


Physical Chemistry for the  Life Sciences. By JAMES R. BAR- 
RANTE. Prentice-Hall, Englewood Cliffs, NJ 07632,1977.337 pp. 14 
X 22:5 cm. Price $14.95. 
The book is designed as a text in basic physical chemistry for students 


majoring in biochemistry, biology, medicine, and dentistry. It is intended 
for a one-semester course and includes those areas of physical chemistry 
important to the life sciences. The level of mathematics is lower than that 
usually found in a physical chemistry text. A t  the end of each chapter, 
under Special Topics, there are on the average three pages of material 
that require an adequate mathematical background. There are problems 
and selected answers at the end of each chapter. 


The chapters are: Properties of Gases, First Law of Thermodynamics, 
Second and Third Laws of Thermodynamics, Free Energy and Equilib- 
rium, Solutions, Chemical Equilibrium, Ionic Equilibria, Reaction Ki- 
netics, Electrochemistry, Selected Properties of Macromolecules, and 
Photochemistry. Although the author states that, when feasible, biological 
examples are used to illustrate physical-chemical principles, most of the 
presentation centers about very simple systems for which biological ex- 
amples are not available. 


The book is attractive and is well written for those interested in a 
concise exposure to the concepts of physical chemistry. For the pharmacy 
student, the text is too elementary and is not significantly different from 
other physical chemistry texts written for nonchemistry majors. For the 
pharmaceutical scientist, the book may serve as a review; however, it 
probably is not broad enough in scope or great enough in depth to be 
recommended as an addition to his or her library. 


Reuiewed by Eugene L. Parrott 
Diuision of Pharmaceutics 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 
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Factors Affecting Serum Oxytetracycline Levels in 
Beef Calves 


H. DWIGHT MERCER *x, LARRY D. ROLLINS *, GORDON G. CARTER $, 
RICHARD P. GURAL 5, DAVID W. A. BOURNE 5, and 
LEWIS W. DITTERT 5 


Abstract 0 Fifteen Aberdeen Angus steers, 295-364 kg, were dosed with 
either 4.4 or 11 mg of oxytetracycline hydrochloride/kg im. The antimi- 
crobial activity of the serum was determined periodically, and the re- 
sulting data were treated statistically to determine the sources of varia- 
tion. Variance in serum levels of oxytetracycline activity was attributed 
to dose, time of bleeding, order of dosing, animal, and assay. The total 
variance component was proportionately greater for the 11-mg/kg dose 
than for the 4.4-mg/kg dose. Animal variance increased with the higher 
dose level of oxytetracycline. The influence of dose on serum level was 
tested by applying a t test to the mean serum levels and their standard 
deviations a t  each bleeding time. The 4.4- and 11-mg/kg serum levels were 
significantly different (p < 0.01) a t  all bleeding times. The 4.4-mg/kg 
serum levels multiplied by 2.5 were not significantly different ( p  < 0.05) 
from the 11-mg/kg serum levels a t  all bleeding times. 


Keyphrases Oxytetracycline-factors affecting serum levels, calves 
Drug levels, serum-oxytetracycline, factors causing variance, calves 


0 Antibacterials-oxytetracycline, factors affecting serum levels, 
calves 


Blood or serum drug levels are often utilized to deter- 
mine the absorption, availability, or excretion rates of 
certain drugs and chemical compounds. These levels have 
also been used to assess the bioavailability or bioequiv- 
alency of similar drug products. Previous reports (1-5) 
found undesirable variability in the drug level data from 
both human and animal studies. To compensate for these 
variables, large numbers of animals or humans may be 
required. 


Certain parameters, such as route of administration and 
drug formulation, obviously can influence variability. 
Other factors, such as animal, dose period, dose, and assay 
variance, have been less well defined as sources of varia- 
tion. More insidious factors, such as ion chelation and 
protein binding, also may contribute to the animal variance 
factor and, therefore, to the overall variance component. 
The physical preparation of analytical samples may in- 
troduce additional variations in results. 


Since it is not feasible to control all potential variables 
in a given blood level study, it was deemed advisable to 
determine, directly or indirectly, the extent that these 
factors contribute to the overall variance component in a 
study of serum levels of an antibiotic (oxytetracycline) in 
animals (calves). Five critical factors, comprising a major 
portion of the variance component, were studied. These 
factors were animal, dose, order of dosing, time of bleeding, 
and assay. 


EXPERIMENTAL 


Dosing and Animal Handling-Fifteen purebred Aberdeen Angus 
steers, 295364 kg, were divided into two groups of seven and eight calves 
each. Each group was further subdivided into two treatment levels. One 
group was given 4.4 mg, and the other was given 11 mg of oxytetracycline 
hydrochloride’/kg im. Treatments were administered one time to each 


animal for each sampling period. The dose was adjusted according to 
individual weights a t  each treatment interval. 


One group of animals was dosed and bled on Day 1, and the other group 
was dosed and bled 1 week later. This sequence of events was defined as 
Period 1. Seven weeks later, the groups were reversed according to a 
double-crossover design, and the study was repeated. These events were 
defined as Period 2. 


The animals were maintained in a drylot paddock area with free access 
to feed and water. They were observed daily for any deviation from 
normal health. No clinical illness was observed during the trials. 


Blood Sampling-Blood samples were collected from the jugular vein 
immediately prior to treatment and a t  intervals of 0.5,1,2,4,6,8,12,15, 
and 18 hr after Period 1 dosing. After Period 2 dosing, samples were taken 
a t  2,4,6,8, and 15 hr. Blood samples were protected from direct sunlight 
and refrigerated immediately after collection. Serum was harvested from 
the samples as rapidly as clot retraction occurred or generally within the 
hour. The serum samples were then frozen and protected from light until 
assayed, which generally occurred within 48 hr to 1 week. Quadruplicate 
assays were performed on each serum sample. 


Assay-Concentrations of oxytetracycline in serum were determined 
by using the microbiological cylinder plate assay method (6) with Bacillus 
cereus var. mycoides (ATCC 11778) as the test organism. 


Statistical Analysis-The data were treated statistically using a 
computer2 with a statistical analysis system (7). The following adjust- 
ments and assumptions were made: 


1. Only bleeding times common to both periods of the experiment ( ie . ,  
2,4,6,8,  and 15 hr following drug administration) were treated. 


2. From pharmacokinetic considerations, i t  was assumed that time 
of bleeding would influence the serum levels following drug adminis- 
tration in a definable way (8); this parameter was not included in the 
statistical analyses. I t  was anticipated that the influence of time could 
be depicted as plots of the mean serum levels f SD uersus time. These 
plots for the 4.4- and 11-mg/kg doses are shown in Fig. 1. 


3. It was assumed, Q priori, that dose would influence the serum levels; 
this parameter was not included in the analysis of variance. It was an- 
ticipated that the influence of dose could be examined by applying the 
Student t test to the mean serum levels for the two doses a t  each time 
point. 


4. I t  was assumed that the order of dosing (i.e., 4.4 followed by 11 
mg/kg or vice versa) might influence the results but that  the division of 
the animals into four groups and the handling of the groups on different 
days would not have an influence. 
5. I t  was assumed that the serum assays were carried out in a perfectly 


random manner. 
The data were divided into units consisting of the assay results for all 


animals at a single bleeding time following a single dose, and the variance 
components due to order of dosing, animal, and assay were determined. 
The “animal” parameter was “nested” within the “order of dosing” pa- 
rameter. The variance component of each parameter and the total vari- 
ance component are defined by the following equations (9): 


variance componentassay = u2 = mean squareassay (Eq. 1) 


variance componentanimal = u2 animal 


(Eq. 2) 
mean squareanimal - mean squareassay 


number of replicates per animal 
- - 


variance componentorder = u2 order 
mean squareorder - mean square,,,,,l 


number of replicates per order (Eq. 3) 


total variance component = u2 + u2 animal + uz order (Eq. 4) 


- - 


Liquamycin injectable (50 mg/ml), Pfizer Inc., New York, N.Y 
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Table I-Effect of Assay, Animal, and  Orde r  of Dosing on Mean Se rum Oxytetracycline Levels i n  Calves * 


Bleeding 
Time, 


Mean 
Serum Total 
Level, Variance 


Variance ComDonent (V.C.1 and Percent of 
Total Varikce Component Due to: 


Assay Animal Order of Dosing 
% . .  % . .  % hr d m l  ComDonent . .  


2 
4 
6 
8 


15 
Average 
Average, % 


2 
4 
6 
8 


15 
Average 
Averaee. % 


1.85 
2.33 
2.68 
2.49 
2.03 


4.15 
5.62 
6.23 
5.47 
4.78 


Dose = 4.4 mg/kg im 
0.36 0.05 14.7 
0.51 0.19 38.2 
1.76 1.00 56.8 
0.97 0.43 44.6 
1.21 0.80 65.8 
0.96 0.49 


100.0 51.5 
Dose = 11 mglkg im 


2.67 0.22 8.4 
3.16 1.38 43.8 
9.41 
2.92 
6.73 


3.80 40.4 
1.08 37.0 
2.69 40.0 


4.98 1.84 
100.0 36.9 


0.31 84.2 
0.24 47.1 
0.38 21.8 
0.43 44.5 
0.00 0.0 
0.27 


28.2 


1.21 45.4 
0.52 16.5 
2.74 29.1 
1.38 47.2 
1.19 17.7 
1.41 


28.3 


0.004 1.2 
0.07 14.6 
0.38 21.4 
0.11 10.9 
0.42 34.2 
0.19 


20.3 


1.23 46.2 
1.26 39.7 
2.87 30.5 
0.46 15.9 
2.85 42.3 
1.73 


34.8 
~ 


All fractions were calculated using six decimal places and rounded to two or three figures. 


RESULTS AND DISCUSSION 


The results are given in Table I in terms of mean serum levels for in- 
dividual bleeding times following a given dose with variance components 
due to assay, animal, and order of dosing. Only results common to both 
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Figure I-Mean serum levels (micrograms per milliliter f SD) of 
oxytetracycline in 15 Aberdeen Angus calves following intramuscular 
administrationof 4.4- (0) and l l - ( X )  rnglkgdoses. Eachpoint contains 
results from quadruplicate assays from 15 serum samples, except that 
14 samples were run for the 15-hr point of the 4.4-mglkg dose. 


periods (i.e.,  0,2,4,6,8, and 15 hr) are included. The influences of dose 
and time of bleeding were not included in the statistical analyses. 


The results showed that the absolute value of the total variance com- 
ponent was proportionately greater for the 11-mg/kg dose than for the 
4.4-mg/kg dose. The percent contribution of the animal component was 
the same in each case, indicating that the animal groups were well 
matched. As expected, the fraction of the variance component attribut- 
able to the assay was greater for the 4.4-mg/kg dose, since this dose re- 
sulted in lower serum levels, which presumably would produce more 
variable assays. The percent Contribution of the order of dosing was 
greater after the higher dose. 


Unfortunately, the bleeding schedule was insufficient to define the 
entire serum level-time curves. If this had been possible, the influence 
of dose on the serum levels could have been expressed in terms of the 
areas under the curves, which would have revealed any differences in the 
absorption efficiencies of the two doses. If both doses were equally well 
absorbed, the area under the 11-mg/kg curve would be exactly 2.5 times 
the area under the 4.4-mgkg curve (10). Definition of the entire serum 
level-time curves would also have revealed any differences in absorption 
or elimination kinetics of the two doses. 


In the absence of complete serum level-time curves, the influence of 


Table 11-t Test of Difference in Mean Serum Oxytetracycline 
Levels in  Calves (4.4 versus 11 m d k d  


4 4 m  Jk l l m  /k ++ 
Bleeding Serum Serum 


Time, Level, Level, 
hr uelml SD uelml SD ta 


2 
4 
6 


1.85 0.59 4.15 1.41 11.66 
2.33 0.68 5.62 1.59 14.74 
2.68 1.25 6.23 2.80 8.97 


8 2.49 0.94 5.47 1.62 12.32 
15 2.03 0.96 4.78 2.29 8.58 


All serum levels were significantly different at p < 0.01. 


Table 111-t Test of Difference in 2.5 X Mean Serum 
Oxytetracycline Levels in Calves (4.4 versus 11 mg/kg) 


2.5 X 4.4 mg/kg 11m /k * Mean 
Bleeding Serum Serum 


Time, Level, SD X Level, 
hr wdml (2.5)"* wg/ml S D  t 


2 4.63 0.93 4.15 1.41 2.20" 
4 5.83 1.08 5.62 1.59 0.85b 
6 6.70 1.98 6.23 2.80 1.06b 
8 6.23 1.49 5.47 1.62 2.67" 


15 5.08 1.52 4.78 2.29 0.86* 


0 Serum levels were not significantly different at p < 0.05. Serum levels were 
not significantly different at p < 0.01. 
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dose on serum level can be defined by comparing the mean serum levels 
for the two doses a t  each bleeding time (10). A t test was applied to  the 
mean serum levels and their standard deviations, and the results (Table 
11) showed that the mean serum levels were significantly different ( p  < 
0.01) a t  each bleeding time. 


A t test was also performed between the serum levels following the 
11-mg/kg dose and 2.5 times the serum levels following the 4.4-mg/kg 
dose. There was no significant difference ( p  < 0.05) between the serum 
levels following the 11-mg/kg dose and 2.5 times the serum levels fol- 
lowing the 4.4-mg/kg dose (Table 111). These results suggest that  serum 
levels are directly proportional to dose levels. 
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Anomalous Chemical Shifts of Methyl Groups of 
2,4-Dimethylbenzo[g]quinoline 


JERRY L. BORNX and C. E. HARSIN 


Abstract 0 The chemical shifts of the methyl groups of 2,4-dimethyl- 
benzo[g]quinoline are defined with respect to concentration, showing 
that the methyl resonances are reversed from their expected positions 
in concentrations normally used in NMR spectroscopy. The phenomenon 
is explained in terms of the probable “fixation” of bonds in the hetero 
ring. 


Keyphrases 2,4-Dimethylbenzo[g]quinoline-NMR spectrum, 
chemical shifts of methyl groups defined, effect of concentration 
NMR-spectrum, 2,4-dimethylbenzo[g]quinoline, chemical shifts of 
methyl groups defined, effect of concentration Quinoline, substi- 
tuted-2,4-dirnethylbenzo[g]quinoline, NMR spectrum, chemical shifts 
of methyl groups defined, effect of concentration 


During a study of the possibility of converting 2,4- 
dirnethylbenzo[g]quinoline (I) to benzofgjcinchoninic acid, 
large concentration chemical shifts for the methyl groups 
of I were observed. At  low concentrations (3.4 X M ) ,  
the absorptions for the methyl groups appeared as a dou- 
blet at 6 2.76 (J  = 1.2 Hz) and as a singlet a t  6 2.69. As the 
concentration of I was increased, the expected upfield 


FH3 Q 


shifts of the methyl groups occurred, but the downfield 
methyl resonance showed a larger upfield shift than the 
methyl resonance at  6 2.69. Therefore, a t  a concentration 
of 2.74 X 10-l M, the two methyl signals had overlapped 
to produce a single resonance at  6 2.64. When the concen- 
tration was increased to 6.4 X lo-’ M, a singlet a t  6 2.57 
and a doublet a t  6 2.5 (J  = 1 Hz) were observed. 


The classical assignment of the downfield resonance to 
the 2-methyl of I cannot be accommodated by this infor- 
mation. The chemical shift of the 2-methyl group would 
be expected to remain relatively constant as the concen- 
tration of I is increased while the 4-methyl group would be 
expected to have the greatest shift due to solute-solute 
interactions (1). This observation led to assignment of the 
resonance at  6 2.76 (J  = 1.2 Hz) (3.4 X M )  to the 4- 
methyl group and a t  6 2.69 to the 2-methyl group of I. 


EXPERIMENTAL 


Samples were weighed on a microbalance’ and then diluted to volume 
with benzene-de or spectrograde carbon tetrachloride containing 1% 
tetramethylsilane as an internal standard. The NMR spectra were ob- 
tained using a 60-MHz spectrometer2 equipped with a double-resonance 
accessory. 
2,4-Dimethylbenzo[g]quinoline (I) was prepared as reported previously 


1 Cahn RTL. * Perkin-Elmer R12-A. I n 
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An Arrhenius plot for k,, is illustrated in Fig. 8. By applying the 
method of least squares to the plots, the energy of activation for epi- 
merization to epihetacillin was 21.2 kcal/mole. 


In plots of log 121 versus pH at 35O in water, slight positive deviation 
from the first-order dependence on the hydroxide ion was observed a t  
alkaline pH < 10 (not presented in Fig. 7). This result may have been due 
to the considerable contribution of the hydrolysis rate, kz, to the k l  value 
estimated from the optical rotatory dispersion method. This result would 
occur because of the pH-dependent degradation behavior of hetacillin 
in which the epimerization process is a major pathway in a highly basic 
solution, whereas hydrolysis to  ampicillin becomes increasingly signifi- 
cant in medium basic and neutral solutions (2,3,6). 


No significant P-lactam cleavage reaction probably would take place 
in hetacillin itself, since'the disappearance of hetacillin was virtually 
accompanied, even in highly basic solutions, with two competing reac- 
tions, the formation of epihetacillin ( k  1 reaction) and the conversion to 
ampicillin (kz reaction), as verified by quantitative NMR studies (Figs. 
3-5). The extreme stability of the P-lactam in the hetacillin molecule was 
also revealed in epihetacillin degradation. The kq reaction concerned with 
the disappearance of epihetacillin is controlled by hydrolysis of the 0- 
lactam ring and conversion to epiampicillin. The pH dependency of k d  
at 35" (Table 111) indicates that the hydroxide-ion-catalyzed hydrolysis 
of the o-lactam moiety of epihetacillin is predominant above pH 11.5, 
and conversion to epiampicillin seems to  be significant below this pH. 


The second-order rate constant for the @-lactam hydrolysis of epi- 
hetacillin was calculated to be 65.8 M-' hr-' at  35", one-twentieth of the 
value for the hydrolysis of ampicillin 0-lactam (19). The remarkable 
stability of both p-lactam rings of hetacillin and its epimer may be at- 
tributed to the steric hindrance of gem-dimethyl groups of the imida- 
zolidine rings toward the attack by a hydroxide ion. 
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Reactions of Benzenesulfonohydrazides and 
Benzenesulfonamides with Hydrogen Chloride or 
Hydrogen Bromide in Acetic Acid 


D. K. YUNG 
A. R. MANZER *, and M. L. GILROY * 


T. P. FORREST*, 


Abstract n Benzenesulfonohydrazides capable of yielding a sulfinic acid 
intermediate by virtue of a basic nitrogen atom in the second position 
of the hydrazide moiety produced thiosulfonates when treated with 1 N 
hydrogen chloride in acetic acid and produced disulfides when treated 
with 1 N hydrogen bromide in the same solvent. In two cases, a crystalline 
mixture of p-nitrophenyl p-nitrobenzenethiosulfonate and bis(p-ni- 
trophenyl) disulfide was isolated from the hydrogen chloride reactions. 
No reaction product was obtained from either the hydrogen chloride or 
hydrogen bromide reaction with benzenesulfonohydrazides that were 
unable to  form a sulfinic acid intermediate. Reduction of benzenesul- 
fonamides to disulfides appeared to be possible only with hydrogen 
bromide in acetic acid. No thiosulfonate was isolated from the treatments 
of benzenesulfonamides with 1 N hydrogen chloride in acetic acid. p- 


Nitrophenyl p-nitrobenzenethiosulfonate and p-bromophenyl p-bro- 
mobenzenethiosulfonate exhibited some antimicrobial activities against 
Gram-positive bacteria. The latter compound also showed analgesic 
properties in the phenylquinone test. 


Keyphrases Benzenesulfonohydrazides and benzenesulfonamides 
-reaction with hydrogen chloride or bromide in acetic acid, pharmaco- 
logical activity of thiosulfonates formed Thiosulfonates-formed by 
reaction of benzenesulfonohydrazides and benzenesulfonamides with 
hydrogen chloride in acetic acid, pharmacological activity screened 
Antimicrobial activity-screened in thiosulfonates formed by reaction 
of benzenesulfonohydrazides and benzenesulfonamides with hydrogen 
chloride in acetic acid 


While preparing some potential antimicrobial unsym- 
metrical piperazine compounds, it was necessary to syn- 
thesize 1 - (p -acetamidobenzenesulfonamido)piperazine 
from l-(p-acetamidobenzenesulfonamido)-4-ethoxycar- 


bonylpiperazine ( la ,  Table I). Removal of ethoxycarbonyl 
groups of piperazine derivatives is usually accomplished 
by either acidic or alkaline hydrolysis (1,2). 


A nonhydrolytic method utilizing dry hydrogen bromide 
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Table I-Benzenesulfonohydrazides 0 


Analysis, % 
Com- Yield, 


pound Rl R, % Melting Point Formula 
__ 


Ia NHCOCH, 


Ib  Br 


Ic NO, 


IIa Br 


IIb NO, 


IIIa Br 


IIIb NO, 


IVa Br 


IVb NO, 


Va Br 


Vb NO, 


VIa Br 


VIb NO, 


N"0 
U 


54 


61 


67 


46 


74 


43 


85 


74 


91  


81  


50 


64 


93 


173.5-174.5" 
dec. 


148-1 5 0" 


154-1 55" 


143.5-144.5" 


155-157" 
dec. 


161  -1 6 2" 


1 8 2-1 84"a 


1 3  9- 14  0" 


147-148.5" 
dec.b 


17  5.5-1 7 6" 


170.5-17 1"' 


198-1 98.5" 


21 1-21 2" 


8 N4 ' 6  


10  3 BrN, O3 


'1, 1 N 3  '4 


'1 2 '4 


C 1 2 H , 0 N 4 0 6 S  


C, HI  ,BrN,0,S.H20 


C 1 0 H 1 0 N 4 0 5 S  


Calc. 


C 48.63 
H 5.99 
N 15.12 
S 8.66 
C 39.80 
H 4.62 
Br 20.37 
N 10.71 
s 8.18 
C 43.56 
H 5.07 
N 15.64 
s 8.95 
C 41.38 
H 4.74 
Br 25.03 
C 46.30 
H 5.30 
N 14.73 
S 11.24 c 37.39 
H 4.08 
Br 24.88 


-~ 


- 


C 44.05 
H 3.39 
Br 24.42 
- 


C 38.72 
H 2.71 
Br 21.47 
S 8.62 
- 


C 38.51 
H 3.23 
Br 21.36 
C 44.72 
H 3.13 
N 17.39 


Found 


48.62 
6.10 


15.18 
8.42 


39.69 
4.58 


20.76 
10.39 


7.96 
43.73 


5.00 
15.79 


8.90 
41.25 


4.77 
25.12 
46.65 


5.32 
14.88 
11.50 
37.40 
4.17 


25.11 
- 


43.80 
3.37 


24.62 
- 


38.88 
2.90 


21.75 
8.58 
- 


38.61 
3.29 


21.47 
45.03 


3.25 
17.21 


aLit. (19) m p  180.5-181". bLit. (20) m p  150". CLit. (20) m p  172-173". 


in acetic acid for 1-alkyl-4-ethoxycarbonylpiperazines and 
1-ethylsulfonyl-4-ethoxycarbonylpiperazine was reported 
(3). Similarly, other studies (4,5) used dry hydrogen bro- 
mide or dry hydrogen chloride in acetic acid to remove 
benzoxycarbonyl groups.from the nitrogen atoms in pep- 
tides. This paper describes the products isolated from the 
reactions of Ia and other structurally related compounds 
with dry hydrogen chloride in acetic acid and with dry 
hydrogen bromide in acetic acid. 


RESULTS AND DISCUSSION 


In the original attempt to remove the ethoxycarbonyl group of Ia, two 
problems were envisioned. First, the generally useful hydrolytic methods 
were considered unsuitable because of another vulnerable acetamido 
substituent in the molecule. Second, treatment of Ia with dry hydrogen 
bromide in acetic acid could result in the cleavage of the sulfonamide 
linkage, giving bis(pacetamidopheny1) disulfide (XIIa) (6, 7) instead 
of the desired product. 


However, in view of reported success with 1-ethylsulfonyl-4-ethoxy- 
carbonylpiperazine (3, Ia was treated with 1 N hydrogen bromide in 
acetic acid. The desired product was not obtained; only XIIa in a 48% 


yield was isolated. Since it was reported that cleavage of sulfonamide with 
hydrogen bromide in acetic acid was a reduction process (81, it was de- 
cided to replace the dry hydrogen bromide with hydrogen chloride, a less 
active reducing agent. The reaction of Ia with 1 N hydrogen chloride in 
acetic acid produced a product characterized by IR, NMR, and elemental 
analysis to be the thiosulfonate XIa in about an 80% yield. No other 
products could be isolated from the reaction mixture. 


In view of these results, two other piperazine compounds (Ib and Ic) 
were examined. In each instance, the corresponding thiosulfonates (XIb 
and XIc) were obtained in good yield on reaction with hydrogen chloride 
in acetic acid. However, treatment of Ib and Ic with 1 N hydrogen bro- 
mide in acetic acid resulted in the formation of disulfides (XIIb and 
XIIC ). 


0 


XI1 U: R = NHCOCH, 
XIIb: R = Br 
XIIc: R = NO2 


0 
XIa: R = NHCOCH,, 
XIb:R = Br 
XIc: R = NO, 
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Table 11-Major Reaction Products of Benzenesulfonohydrazides (I-VI) and Benzenesulfonamides (VII-X) with 1 N Hydrogen 
Chloride and/or 1 N Hydrogen Bromide in Acetic Acid 


Recovery of Recovery of 
Starting Reaction Product Starting 


Com- Reaction Product with 1 N Hydrogen Yield, Compound with 1 N Hydrogen Yield, Compound, 
pound Chloride in Acetic Acid % % Bromide in Acetic Acid % % 


Ia p -Acetamidophenyl p-acetamidobenzenethiosulfonate 82 - Bis(p-acetamidophenyl) disulfide 48 - 


Ib p-Bromophenyl p-bromobenzenethiosulfonate 77 - Bis(p-bromophenyl) disulfide 60 - 
monohydrate 


- Ic p-Nitrophenyl p-nitrobenzenethiosulfonate 72 - Bis(p-nitrophenyl) disulfide 84 
IIa p -Bromophenyl p-bromobenzenethiosulfonate 50 
IIb Mixture of p-nitrophenyl p-nitrobenzenethiosulfonate and - - Bis(p-nitrophenyl) disulfide 62 


IIIb p -Nitrophenyl p-nitrobenzenethiosulfonate 94 - Bis(p-nitrophenyl) disulfide 42 
IVa p-Bromophenyl p-bromobenzenethiosulfonate 70 


Va None isolated - - - 33 - 
Vb None isolated - - - 45 - 


Via None isolated - 88 None isolated - 95 
99 VIb None isolated - 84 None isolated - 


VIIa None isolated - 76 Bis(p-nitrophenyl) disulfide 91" 35 
VIIIa None isolated - - - 65 - 
VIIIb None isolated - 70 Bis(p-nitrophenyl) disulfide 99" 33 


IXa None isolated - 85 Bis(p-nitrophenyl) disulfide 98a 30 


- - - - 
- 


bis(p-nitrophenyl) disulfide 
IIIa p-Bromophenyl p-bromobenzenethiosulfonate 68 - Bis(p-bromophenyl) disulfide 56 - 


IVb Mixture of p-nitrophenyl p-nitrobenzenethiosulfonate and - - Bis(p -nitrophenyl) disulfide 90 


- 
- - - - 


- 


bis(p-nitrophenyl) disulfide 


70 - 
73 - 


Xu None isolated - 
Xb None isolated - 


Yield is calculated on the basis of unrecovered starting compound. 


To determine the scope of the reaction involving 1 N hydrogen chloride 
in acetic acid, 10 other benzenesulfonohydrazides without the piperazine 
ring (Table I) were investigated. As indicated in Table 11, thiosulfonates 
were obtained from IIa, IIIa, IIIb, and IVa. The hydrazides IIb and IVb, 
however, produced the disulfide (XIIc) in addition to the thiosulfonate 
(XIc). The two products were isolated as  a crystalline solid (mp 157- 
158"). which consisted of an equimolar mixture of the two, as indicated 
by the proton NMR spectrum. Recrystallizations from common organic 
solvents failed to separate the two compounds; however, they could be 
separated by TLC (silica gel) using carbon tetrachloride-benzene (4:l) 
as the eluant. The melting point and IR spectrum of the mixture were 
identical to those of the authentic mixture (1:l) of XIc and XIIc. 


The other four benzenesulfonohydrazides (Vu, Vb, VIa, and VIb) do 
not have a basic nitrogen in the second position and did not yield any 
isolatable products in the reaction with hydrogen chloride in acetic acid. 
A significant amount of unreacted starting compound was recovered in 
each instance when the acid was removed in uucuo. Thus, the formation 
of thiosulfonates in the reactions with hydrogen chloride in acetic acid 
apparently depends on the availability of a basic nitrogen atom in the 
second position of the benzenesulfonohydrazides. Such a postulation is 


Table 111-Benzenesulfonamides 


supported by the fact that none of the benzenesulfonamides (Table 111) 
produced any thiosulfonates under similar conditions. 


Thiosulfonates and sulfonic acids are known to result from dispro- 
portionation of sulfinic acids. In the acid-catalyzed hydrolysis of tolu- 
enesulfonohydrazides, sulfinic acids were formed as intermediates (9). 
Kice and coworkers (10,ll) proposed that the mechanism for the dis- 
proportionation of sulfinic acids involved an initial equilibrium between 
benzenesulfinic acid (XIII) and a sulfinyl sulfone intermediate (XIV), 
followed by the rearrangement of XIV to a sulfenyl sulfonate (XV). Re- 
action of XV with an additional molecule of XI11 led to thiosulfonate and 
sulfonic acid as final products. Sulfonohydrazides are also reported to 
undergo a pyrolytic disproportionation, presumably uia sulfinic acids, 
to yield a mixture of disulfide and thiosulfonate (12). 


In the present study, all those benzenesulfonohydrazides that yielded 
thiosulfonates when treated with hydrogen chloride in acetic acid are 
capable of forming a sulfinic acid by electron shift from the basic nitrogen 
atom in the second position to  the SO2 group (Scheme I). Thus, the for- 
mation of thiosulfonates from these hydrazides probably proceeds uia 
a sulfinic acid intermediate. When the same benzenesulfonohydrazides 
were allowed to react with 1 N hydrogen bromide in acetic acid, only the 


0 


Com- 
pound RI R2 


Yield, 
% Melting Point Formula 


Analysis, % 
Calc. Found 


- - VIIIa Br 52 90-910U C I HI  BrNO, S 


VIIIb NO2 


n 
N O  
U 


IXU NO, 


xa Br 


Xb  NO2 


C 48.87 48.84 
5.38 H 5.22 


N10.37 10.33 
C 44.11 44.05 
H 4.44 4.44 


74 170.5-1 7 lo '11 H 1 4 N 2 0 4 S  


89 172.5-173" CIlJH,,N2O,S 


N10.29 10.09 
- - 64 11 7.5-1 18. 50b C , HI  BrNO, S 


68 


aLit. (21) mp 91-91.5". bLit. (22) m p  116-117". cLit. (23) mp 168-169". 
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disulfides were formed. This finding is in contrast to reported results for 
the reactions of toluenesulfonohydrazides and aqueous hydrobromic acid, 
in which the thiosulfonates were the major products (9). A plausible ex- 
planation for the exclusive disulfide formation could be that the bromide 
ions attack the sulfinyl sulfur in XIV to give sulfinyl bromide (XVI) and 
XI11 before the sulfenyl sulfonate (XV) is formed. In dioxane-water 
(6040), the bromide ion was about five times more active a nucleophile 
than chloride ion toward the sulfinyl sulfur atom in XIV (13). Reduction 
of XVI by hydrogen bromide would yield the sulfenyl bromide (XVII), 
which has been suggested to be an intermediate for disulfide formation 
in the cleavage of sulfonamide with aqueous hydrogen bromide (7). 


The fact that the sulfonamides (VIIa, VIIIb, and IXa) are not capable 
of producing the sulfinic acid intermediate and are still reduced to the 
disulfides suggests that  the benzenesulfonohydrazides might react in a 
similar manner with hydrogen bromide to form the disulfides. However, 
the almost quantitative recovery of VIa and VIb from the reactions with 
hydrogen bromide in acetic acid does not support this suggestion. 


Although thiosulfonates are not novel compounds, information on their 
biological properties is lacking. For this reason, a gr .- xal  screening of the 
pharmacological activities was performed on XIb and XIc. Preliminary 
results indicated that none of the compounds showed any significant 
antidepressant, cardiovascular, anti-infiammatory, antidiabetic, anti- 
histaminic, or antiallergic activities. However, both compounds did ex- 
hibit some antimicrobial activities against Gram-positive bacteria such 
as Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 8030), 
Streptococcus pyogenes (ATCC 6538), Streptococcus faecalis (a clinical 
isolate), and Diplococcus pneumoniae (ATCC 6303) but not against 
Gram-negative bacteria. In addition, XIb showed some analgesic activity 
in the phenylquinone test’. 


EXPERIMENTALz 


The benzenesulfonohydrazides and benzenesulfonamides were pre- 
pared from the amine and the corresponding benzenesulfonyl chloride 
in pyridine and were purified by recrystallization from ethanol or aqueous 
ethanol. With the exception of l-amino-4-ethoxycarbonylpiperazine, all 
amines and benzenesulfonyl chlorides were obtained commercially. 1 - 
Amino-4-ethoxycarbonylpiperazine was prepared by a previously re- 
ported method (14). The physical data of the benzenesulfonohydrazides 
and benzenesulfonamides are listed in Tables I and 111, respectively. 


p-Acetamidophenyl p-Acetamidobenzenethiosulfonate (XIa) 
--In a flask fitted with a gas-absorption trap were placed 0.8 g (0.0022 
mole) of Ia and 70 ml of 1 N hydrogen chloride in acetic acid, prepared 
by adding acetic acid to 10-15% hydrogen chloride in acetic acid. The 
mixture was warmed in a steam bath for 25 min and a t  60” for 3 hr. The 
solution was allowed to stand a t  room temperature overnight and then 
filtered. About 0.2 g of crystalline XIa was collected and washed with 
ether. The filtrate was concentrated in vacuo to give a residue which, 
upon mixing with a small amount of ethanol, yielded an additional 0.12 
g of XIa. Removal of the ethanol gave an unmanageable tar-like material. 
The total yield of XIa was 8296, mp 227-228”, after recrystallization from 
aqueous ethanol. 


n 0 


XI11 
Scheme I 


The preliminary biological data were supplied by the Bio-Research Laboratories 
Ltd., Montreal, Quebec, Canada. 


Melting paints were determined on a Thomas-Hoover capillary melting-point 
apparatus and are uncorrected. Elemental analyses were performed by Robertson 
Laboratory, Florham Park, N.J. IR spectra were recorded on a Perkin-Elmer model 
237B spectrophotometer in potassium bromide. A Varian model T-60 spectrometer 
was used to record the NMR spectra, with deuterochloroform as the solvent and 
tetramethylsilane as the internal reference. 


XVI XVII 


Anal.-Calc. for C16Hl6N20aS: C, 52.73; H, 4.43; N, 7.69; s, 17.60. 
Found C, 52.36; H, 4.77; N, 7.72; S, 17.98. 


p-Bromophenyl p-bromobenzenethiosulfonate (XIb), mp 157-158’ 
[lit. (15) mp 160-161°], and p-nitrophenyl p-nitrobenzenethiosulfonate 
(XIc), mp 181-181.5O [lit. (16) mp 180-181”], were similarly prepared. 
The yields of these thiosulfonates are listed in Table 11. 


Bis(p-acetamidophenyl) Disulfide (X1Ia)-The procedure de- 
scribed for XIa was followed to synthesize this compound from the re- 
action of Ia with 1 N hydrogen bromide in acetic acid, prepared by adding 
acetic acid to 30-32% hydrogen bromide in acetic acid. Compound XIIa 
was recrystallized from aqueous ethanol, mp 217.5-219”. The yield was 
48%. 


Anal.-Calc. for C16H1&20&-H@: C, 54.83; H, 5.18; N, 8.00; S, 18.30. 
Found: C, 54.79; H, 5.14; N, 8.13; S, 18.54. 


Bis(p-bromophenyl) disulfide (XIIb), mp 92-93’ [lit. (17) mp 95-96’), 
and bis(p-nitrophenyl) disulfide (XIIc), mp 181-182.5’ [lit. (18) mp 
182”], were similarly prepared. The yields of these disulfides are shown 
in Table 11. 
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BOOKS 


REVIEWS 


Amino-Acids, Peptides, and Proteins, Vol. 8. A Specialist Periodical 
Report. Edited by R. C. SHEPPARD. The Chemical Society, Bur- 
lington House, London W1V OBN, England, 1976.504 pp. 16 X 24 cm. 
Price $56.00. Available from Special Issue Sales, American Chemical 
Society, 1155 Sixteenth St., N.W., Washington, DC 20036. 
This eighth volume of the continuing series on amino acids, peptides, 


and proteins covers the literature published in 1975. Like the previous 
volumes, it is of great help to all of us whose interests lie in peptide and 
protein chemistry. 


The areas reviewed are: amino acids, including their synthesis and 
resolution; structural investigations of peptides and proteins, which 
covers protein isolation, characterization, chemical modification, se- 
quence methodologies, and X-ray studies; peptide synthesis; peptides 
with structural features not typical of proteins; and a very welcome 
chapter on chemical structure and biological activity of hormones and 
related compounds. Included in the pertinent chapters are tabulations 
of primary structures published during 1975 as well as lists of syntheses 
achieved and of useful amino acid derivatives for peptide synthesis. 


Overall, this volume maintains the very high standards we have been 
accustomed to in this series of Specialist Reports. 


Reviewed by Brian J. Johnson 
Department of Microbiology 
University of Alabama Medical School 
Birmingham, AL 35294 


Contemporary Liquid Chromatography. By R. P. W. SCOTT. Wiley, 
605 Third Ave., New York, NY 10016,1976.326 pp. 16 X 24 cm. Price 
$21.50. 
The outstanding feature of this new book on liquid chromatography 


is the inordinate number of typographical errors. Errors in syntax and 
awkward terminology also abound. It is apparent that an editorial va- 
cancy occurred during the production of this latest volume in the Tech- 
niques in Chemistry series. Hopefully this lapse can be avoided in future 
volumes. 


There is definitely a need for a comprehensive book on modern chro- 
matographic (gas as well as liquid) techniques. The present volume, which 
purports to cover liquid chromatography, falls far short of what is needed, 
primarily due to errors of omission and emphasis. There is, by intention, 
no coverage of thin layer chromatography, size exclusion chromatography, 
or affinity chromatography, thus abrogating coverage of a t  least 50% of 
“contemporary liquid chromatography.” The author avoids meaningful 
discussion of applications to prevent the book from becoming dated. 
Unfortunately, this tactical maneuver leaves little to offer the practicing 
chromatographer. It would have clearly been better to discuss theoretical 
developments and instrumentation in the context of practical problem 
solving. Although a major portion of the book is devoted to theory, the 
theory presented is not adequately developed from first principles to 
interest the serious student, nor is it adequately explained to afford 
benefit to the casual applications-minded reader. 


Approximately one-third of the book is devoted to instrumentation, 
and in these sections Scott is far more successful. The difficulty here is 
that the material is either out of date or has been adequately covered (at 
this survey level) in other recent texts. The author often fails to make 
value judgements about equipment options, but when an opinion is 
ventured, I find myself in disagreement. The statement that “it has ob- 
viously been established that LC/MS will be a common technique in the 
future” is typical of a number of shortsighted comments which cannot 
be substantiated. 


The chapter devoted to Stationary and Mobile Phases for Liquid 
Chromatography suffers in the same manner as the reat of the volume. 
There is nothing new, there are unbelievable errors of omission (ion ex- 
change is “not within the scope of this book”), and important recent 


developments have been given short shift (e.g., the application of 
chemically bonded microparticle stationary phase materials). 


As a whole, this book does not do justice to the excellent reputation 
of its author. Nevertheless, I am pleased to own a copy because there are 
many good individual sections and it is always useful to get a different 
perspective. I cannot recommend this volume for the beginner. 


Revieuled by Peter T. Kissinger 
Department of Chemistry 
Purdue University 
West Lafayette, IN 47907 


Colorimetric and Fluorimetric Analysis of Steroids. By J. BARTOS 
and M. PESEZ. Academic (London), 24-28 Oval Rd., London, NW1 
7DX, England, 1976. vii + 274 pp. 15.5 X 23.5 cm. Price $21.50. 
Analytical methodology for steroids is important since these com- 


pounds are usually found at  low concentrations not only in dosage forms 
but also in biological samples. There is an extensive literature regarding 
spectrophotometric analysis of steroids, while literature involving fluo- 
rometric methods is scant and many of the procedures are nonspecific. 
The authors of this book have successfully compiled a volume detailing 
many colorimetric and fluorometric procedures for those natural or 
synthetic steroids of physiological interest. 


The methods reported are quantitative rather than qualitative, and 
only those based on chemical reactions that yield a color or fluorescence 
in solution are discussed. Many of‘the procedures were tested in the au- 
thors’ laboratory and even modified when an improvement could be 
made. This testing provided a selection procedure for inclusion in the 
book, where several methods based on the reaction and reagents were 
found in the literature. 


After general chapters on steroid nomenclature, functional group 
analysis of steroids, and halochroniism and halofluorism reactions, there 
are specific sections dealing with sterols and vitamin D, bile acids, es- 
trogens, gestogens, androgens, corticosteroids, contraceptive progesto- 
gens, cardiac glycosides, steroid saponins and sapogenins, and steroid 
alkaloids. Included in each chapter are general colorimetric and fluoro- 
metric procedures for the particular class of steroid. These are usually 
followed by specific methodology for the more important compounds in 
that class. 


The book is well written and undoubtedly will be useful to pharma- 
ceutical scientists involved in steroid research. It should be purchased 
for inclusion in a university science library collection. It is not recom- 
mended for use as a pharmacy course textbook since it is a compilation 
of analytical methodology. Whether or not it is included in a school of 
pharmacy library will depend upon the research interests of the staff since 
most undergraduates will not benefit from the volume. 


Reviewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, GA 30602 


Progress in Drug Metabolism. Vol. 1. Edited by J. W. BRIDGES and 
L. F. CHASSEAUD. Wiley, 605 Third Ave., New York, NY 10016, 
1976.286 pp. 15 X 25 cm. 


This first volume of a new review series contains five chapters: Newer 
Developments in the Mass Spectrometry of Drugs and Metabolites by 
B. J. Millard, Bioactivation and Cytotoxicity by T. A. Connors, The Role 
of Epoxides in Bioactivation and C!arcinogenesis by R. C. Garner, Clinical 
Aspects of Microsomal Enzyme Induction by J. 0. Hunter and L. F. 
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is incorrect; it is not a bis quaternary but is rather a mono quaternary 
combined with a tertiary amine moiety. 


Chapter 7, Drugs Affecting the Mind, briefly discusses psychothera- 
peutic drugs, hallucinogenic drugs, and cannabis and is a pleasure to read. 
Chapter 8, Ophthalmic Drugs, covers tropane, pilocarpine, arecoline, 
muscarine, cocaine, and related alkaloids, with emphasis on the tropane 
alkaloids. Chapter 9, Drugs Acting on the Cardiovascular System, dis- 
cusses cardiac glycosides, hypotensive agents, and anticoagulants. The 
portion dealing with cardiac glycosides is well written and provides in- 
teresting reading. Chapter 10, Steroid Hormones, introduces plant 
sources for steroidal sapogenins that serve as starting material for the 
clinically useful semisynthetic steroids. Other chapters (11-17) describe 
GI agents, drugs affecting respiration, vitamins, antibiosis, natural toxic 
agents, crop protection agents, and formulation aids. As the names of 
these chapters imply, the authors have made a great effort to correlate 
plants and drugs from diversified subjects. 


In general, the coverage is good and thorough, despite the fact that the 
literature survey is in most cases only up to 1973. The text is easy to read, 
although the stereochemistry of many well-known drugs included in this 
volume is not indicated. 


The book would be a useful addition to undergraduate libraries with 
interests in drugs of plant origin and would be complementary to ad- 
vanced undergraduate courses in natural product chemistry. 


Reuiewed by Kuo-Hsiung Lee 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


“Experimental Pharmaceutics” is not a complete textbook in itself. 
Use of the manual requires the guidance of an instructor willing to provide 
or point out references for the student to read. Several lists of references 
are strategically located in the manual. The publication is flexible in that 
each section is complete in itself, so that certain sections could be used 
without using the others. In fact, parts of a section could be utilized to 
reduce laboratory or discussion time. 


The authors have provided, in the appendix, certain valuable data such 
as dissociation constants, freezing-point depressions, sodium chloride 
equivalents, ophthalmic buffer systems, and hydrophile-lipophile balance 
values. The authors have pointed out the importance of presenting data 
in a clear, concise manner and have included an outline of how to present 
experimental data. 


In this manual, the authors have put together a logical outline of 
pharmaceutical systems, each supported with an adequate number of 
pharmaceutical preparations for the student to make and evaluate. The 
physical science concepts of pharmacy are integrated nicely into the 
preparation and evaluation of pharmaceutical dosage forms. “Experi- 
mental Pharmaceutics” is highly recommended for use as a laboratory 
manual in beginning courses in pharmaceutics. 


Reuiewed by Elmer M. Plein 
School of Pharmacy 
Uniuersity of Washington 
Seattle, W A  98295 


Experimental Pharmaceutics, 4th Ed. By EUGENE L. PARROTT 
and WITOLD SASKI. Burgess, 7108 Ohms Lane, Minneapolis, MN 
55435,1977. vi + 338 pp. 21 X 28 cm. Price $10.95. 
This laboratory manual, composed of 31 chapters and an appendix, 


is divided into five sections: metrology, solids, solutions, polyphasic 
systems, and plastic systems. 


The authors have presented the material in a manner that relates 
pharmacy to a mathematical, scientific basis without presupposing a 
background in calculus or physical chemistry. The manual is different 
from many in the same field in that pharmaceutical preparations or 
dosage forms as such are not emphasized. They are, however, considered 
within their general classification by physical state to point out their 
relationships and similarities. 


Solids can be used as an example of the method of presenting the ma- 
terial. The authors first consider the characteristics of particles and the 
means of reducing particle size. The blending of solids and some prop- 
erties of solids are then presented. Methods of combining powdered 
materials to produce dosage forms of larger size such as granules, tablet 
triturates, and compressed tablets follow. Experiments on solids include 
also the coating of tablets and means of evaluating the solid dosage forms 
by in uitro and in uiuo tests. The in uiuo test is a urinary recovery test. 
In this series of experiments with solids, the student is taught techniques 
and skills in manipulating solids with various types of hand and mecha- 
nized equipment, specifications of solid dosage forms, physical testing 
by in uitro procedures, and bioavailability testing and evaluation by in 
uiuo procedures. 


Students are asked to complete tables and fill in blanks in the manual 
with information that they have gathered from their experiments and 
from assigned readings. Adequate space and graphs are provided for these 
purposes. 


Physical Chemistry for the  Life Sciences. By JAMES R. BAR- 
RANTE. Prentice-Hall, Englewood Cliffs, NJ 07632,1977.337 pp. 14 
X 22:5 cm. Price $14.95. 
The book is designed as a text in basic physical chemistry for students 


majoring in biochemistry, biology, medicine, and dentistry. It is intended 
for a one-semester course and includes those areas of physical chemistry 
important to the life sciences. The level of mathematics is lower than that 
usually found in a physical chemistry text. A t  the end of each chapter, 
under Special Topics, there are on the average three pages of material 
that require an adequate mathematical background. There are problems 
and selected answers at the end of each chapter. 


The chapters are: Properties of Gases, First Law of Thermodynamics, 
Second and Third Laws of Thermodynamics, Free Energy and Equilib- 
rium, Solutions, Chemical Equilibrium, Ionic Equilibria, Reaction Ki- 
netics, Electrochemistry, Selected Properties of Macromolecules, and 
Photochemistry. Although the author states that, when feasible, biological 
examples are used to illustrate physical-chemical principles, most of the 
presentation centers about very simple systems for which biological ex- 
amples are not available. 


The book is attractive and is well written for those interested in a 
concise exposure to the concepts of physical chemistry. For the pharmacy 
student, the text is too elementary and is not significantly different from 
other physical chemistry texts written for nonchemistry majors. For the 
pharmaceutical scientist, the book may serve as a review; however, it 
probably is not broad enough in scope or great enough in depth to be 
recommended as an addition to his or her library. 


Reuiewed by Eugene L. Parrott 
Diuision of Pharmaceutics 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 
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dose on serum level can be defined by comparing the mean serum levels 
for the two doses a t  each bleeding time (10). A t test was applied to  the 
mean serum levels and their standard deviations, and the results (Table 
11) showed that the mean serum levels were significantly different ( p  < 
0.01) a t  each bleeding time. 


A t test was also performed between the serum levels following the 
11-mg/kg dose and 2.5 times the serum levels following the 4.4-mg/kg 
dose. There was no significant difference ( p  < 0.05) between the serum 
levels following the 11-mg/kg dose and 2.5 times the serum levels fol- 
lowing the 4.4-mg/kg dose (Table 111). These results suggest that  serum 
levels are directly proportional to dose levels. 
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Anomalous Chemical Shifts of Methyl Groups of 
2,4-Dimethylbenzo[g]quinoline 


JERRY L. BORNX and C. E. HARSIN 


Abstract 0 The chemical shifts of the methyl groups of 2,4-dimethyl- 
benzo[g]quinoline are defined with respect to concentration, showing 
that the methyl resonances are reversed from their expected positions 
in concentrations normally used in NMR spectroscopy. The phenomenon 
is explained in terms of the probable “fixation” of bonds in the hetero 
ring. 


Keyphrases 2,4-Dimethylbenzo[g]quinoline-NMR spectrum, 
chemical shifts of methyl groups defined, effect of concentration 
NMR-spectrum, 2,4-dimethylbenzo[g]quinoline, chemical shifts of 
methyl groups defined, effect of concentration Quinoline, substi- 
tuted-2,4-dirnethylbenzo[g]quinoline, NMR spectrum, chemical shifts 
of methyl groups defined, effect of concentration 


During a study of the possibility of converting 2,4- 
dirnethylbenzo[g]quinoline (I) to benzofgjcinchoninic acid, 
large concentration chemical shifts for the methyl groups 
of I were observed. At  low concentrations (3.4 X M ) ,  
the absorptions for the methyl groups appeared as a dou- 
blet at 6 2.76 (J  = 1.2 Hz) and as a singlet a t  6 2.69. As the 
concentration of I was increased, the expected upfield 


FH3 Q 


shifts of the methyl groups occurred, but the downfield 
methyl resonance showed a larger upfield shift than the 
methyl resonance at  6 2.69. Therefore, a t  a concentration 
of 2.74 X 10-l M, the two methyl signals had overlapped 
to produce a single resonance at  6 2.64. When the concen- 
tration was increased to 6.4 X lo-’ M, a singlet a t  6 2.57 
and a doublet a t  6 2.5 (J  = 1 Hz) were observed. 


The classical assignment of the downfield resonance to 
the 2-methyl of I cannot be accommodated by this infor- 
mation. The chemical shift of the 2-methyl group would 
be expected to remain relatively constant as the concen- 
tration of I is increased while the 4-methyl group would be 
expected to have the greatest shift due to solute-solute 
interactions (1). This observation led to assignment of the 
resonance at  6 2.76 (J  = 1.2 Hz) (3.4 X M )  to the 4- 
methyl group and a t  6 2.69 to the 2-methyl group of I. 


EXPERIMENTAL 


Samples were weighed on a microbalance’ and then diluted to volume 
with benzene-de or spectrograde carbon tetrachloride containing 1% 
tetramethylsilane as an internal standard. The NMR spectra were ob- 
tained using a 60-MHz spectrometer2 equipped with a double-resonance 
accessory. 
2,4-Dimethylbenzo[g]quinoline (I) was prepared as reported previously 


1 Cahn RTL. * Perkin-Elmer R12-A. I n 
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Table I-Chemical Shifts (6) of the Protons of I at Various Concentrations a 


Concentration, 
M H3 H5 Hio 2-CH3 4-CH3 H6,7.8.9 


m, 7.44 and 7.98 3.4 x 10-2 7.02 8.38 8.53 2.69 d, 2.76, J = 1.2 Hz 
2.74 X lo-’ 6.9 8.24 8.48 2.64 2.64 m, 7.42 and 7.98 
6.4 X lo-’ 6.77 8.14 8.43 2.57 d, 2.50, J = 1 Hz m, 7.36 and 7.86 
Benzene-d6 5.8 8.20 8.89 2.58 d, 2.27, J = 0.66 Hz m, 7.25 and 7.8 


Except as noted, spectra were run in carbon tetrachloride; 1% tetramethylsilane was utilized as the internal standard (6 = 0.0) in all samples. 


(2). The chemical shifts for the protons of I at various concentrations are 
shown in Table I. 


Compound I, 150 mg, was refluxed for 15 min in 4 ml of methyl alco- 
holdl, to which had been added 200 mg of metallic sodium. The reaction 
was then treated with 25 ml of water, the mixture was extracted with 
ether, and this extract was dried with magnesium sulfate. The residue 
remaining after evaporation under vacuum was recrystallized from pe- 
troleum ether, mp 92-93’ [tit. (2) mp 92-93’], and the NMR spectrum 
was determined in benzene-d6. The downfield methyl resonance con- 
tained 26% less protons than the upfield 4-methyl group. 
2-Methyl-4-phenylbenzo[g]quinoline (11) was prepared as described 


by Huisgen (3). The product melted at  110’ [lit. (3) mp 110’1; NMR 6 
8.58 (9, lH), 8.27 (s, lH), 8.14 (m, 9H), 7.09 (s, lH), and 2.76 (s,3H). No 
appreciable change in the spectrum was found when the concentration 
of I1 was changed. 


DISCUSSION 


The lack of coupling between proton H3 and the methyl group of 2- 
methylquinoline and the fact that the methyl protons of 4-methylqui- 
noline were observed as a doublet ( J  = 0.95 Hz) (4) supported the dis- 
cussed assignment of the methyl resonances of I. In addition, the methyl 
resonance of I1 was a singlet. To show that the doublet of I was the result 
of coupling to proton H3 rather than to a long-range interaction, proton 
H3 was irradiated to produce a singlet for the 4-methyl resonance of I. 
The ability of benzene to produce larger upfield chemical shifts for methyl 
groups on the 4-position of quinoline or pyridine is well documented (l), 
and the same physical phenomenon should result in an upfield shift for 
the 4-methyl of I. 


When the spectrum of I was run in benzene-&, the methyls appeared 
as expected as a singlet a t  6 2.58 and as a doublet a t  6 2.27 (J = 0.66 Hz). 
When I was treated with sodium methoxide-methyl alcohol-dl, the 
downfield resonance as observed in benzene-d6 exchanged more rapidly 
than the upfield resonance, showing that the downfield resonance in 
benzene-ds was due to the more acidic 2-methyl group (5). 


The finding of Clar and MacKay (6) that the splitting between 
methyl-substituted anthracenes and aromatic protons.was directly re- 


lated to the extent of double bond fixation has application to the ben- 
zoklquinoline system. Since the resonance energy of benzo[g]quinoline 
is 21.2 kcdmole less than anthracene, the possibility of even greater bond 
localization exists with I than with anthracene. The lack of coupling be- 
tween proton H3 and the 2-methyls of I and I1 substantiated the local- 
ization of bonds in the hetero ring of benzo[g]quinolines as shown in 
Structures I and 11. 


The localization of the bonds in the hetero ring results in less para- 
magnetic shielding for the 2-methyl group because it is removed from 
the aromatic naphthalene ring. The 4-methyl group is affected by the 
paramagnetic shielding of the naphthalene section of the molecule, re- 
sulting in its downfield position with respect to the 2-methyl in dilute 
solutions where solute-solute interactions are minimized. In more con- 
centrated solutions, increased shielding of the 4-methyl group due to 
solute-solute interactions produces a spectrum that conforms to the 
classical absorption pattern. 
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Abstract 0 High-pressure liquid chromatography was used with a 5-pm 
silica gel column to quantitate the phenol in phenolated calamine lotion 
USP and a commercial antiseptic solution. This method requires less than 
10 min/assay, and other compounds present in the products analyzed did 
not interfere. 


Methods for the quantitative analysis of phenol include 
a bromometric analysis (l), a colorimetric analysis based 
on the reaction of phenol with copper sulfate (2), and, most 


Keyphrases Phenol-high-pressure liquid chromatographic analysis, 
pharmaceutical preparations 0 High-pressure liquidchromatography- 
analysis, phenol in pharmaceutical preparations Antipruritics-phenol, 
high-pressure liquid chromatographic analysis in pharmaceutical prep- 
arations 


recently, a colorimetric analysis based on the reaction of 
phenol with ferric chloride (3). This report describes a 
rapid quantitative method for the analysis of the phenol 
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REVIEWS 


Amino-Acids, Peptides, and Proteins, Vol. 8. A Specialist Periodical 
Report. Edited by R. C. SHEPPARD. The Chemical Society, Bur- 
lington House, London W1V OBN, England, 1976.504 pp. 16 X 24 cm. 
Price $56.00. Available from Special Issue Sales, American Chemical 
Society, 1155 Sixteenth St., N.W., Washington, DC 20036. 
This eighth volume of the continuing series on amino acids, peptides, 


and proteins covers the literature published in 1975. Like the previous 
volumes, it is of great help to all of us whose interests lie in peptide and 
protein chemistry. 


The areas reviewed are: amino acids, including their synthesis and 
resolution; structural investigations of peptides and proteins, which 
covers protein isolation, characterization, chemical modification, se- 
quence methodologies, and X-ray studies; peptide synthesis; peptides 
with structural features not typical of proteins; and a very welcome 
chapter on chemical structure and biological activity of hormones and 
related compounds. Included in the pertinent chapters are tabulations 
of primary structures published during 1975 as well as lists of syntheses 
achieved and of useful amino acid derivatives for peptide synthesis. 


Overall, this volume maintains the very high standards we have been 
accustomed to in this series of Specialist Reports. 


Reviewed by Brian J. Johnson 
Department of Microbiology 
University of Alabama Medical School 
Birmingham, AL 35294 


Contemporary Liquid Chromatography. By R. P. W. SCOTT. Wiley, 
605 Third Ave., New York, NY 10016,1976.326 pp. 16 X 24 cm. Price 
$21.50. 
The outstanding feature of this new book on liquid chromatography 


is the inordinate number of typographical errors. Errors in syntax and 
awkward terminology also abound. It is apparent that an editorial va- 
cancy occurred during the production of this latest volume in the Tech- 
niques in Chemistry series. Hopefully this lapse can be avoided in future 
volumes. 


There is definitely a need for a comprehensive book on modern chro- 
matographic (gas as well as liquid) techniques. The present volume, which 
purports to cover liquid chromatography, falls far short of what is needed, 
primarily due to errors of omission and emphasis. There is, by intention, 
no coverage of thin layer chromatography, size exclusion chromatography, 
or affinity chromatography, thus abrogating coverage of a t  least 50% of 
“contemporary liquid chromatography.” The author avoids meaningful 
discussion of applications to prevent the book from becoming dated. 
Unfortunately, this tactical maneuver leaves little to offer the practicing 
chromatographer. It would have clearly been better to discuss theoretical 
developments and instrumentation in the context of practical problem 
solving. Although a major portion of the book is devoted to theory, the 
theory presented is not adequately developed from first principles to 
interest the serious student, nor is it adequately explained to afford 
benefit to the casual applications-minded reader. 


Approximately one-third of the book is devoted to instrumentation, 
and in these sections Scott is far more successful. The difficulty here is 
that the material is either out of date or has been adequately covered (at 
this survey level) in other recent texts. The author often fails to make 
value judgements about equipment options, but when an opinion is 
ventured, I find myself in disagreement. The statement that “it has ob- 
viously been established that LC/MS will be a common technique in the 
future” is typical of a number of shortsighted comments which cannot 
be substantiated. 


The chapter devoted to Stationary and Mobile Phases for Liquid 
Chromatography suffers in the same manner as the reat of the volume. 
There is nothing new, there are unbelievable errors of omission (ion ex- 
change is “not within the scope of this book”), and important recent 


developments have been given short shift (e.g., the application of 
chemically bonded microparticle stationary phase materials). 


As a whole, this book does not do justice to the excellent reputation 
of its author. Nevertheless, I am pleased to own a copy because there are 
many good individual sections and it is always useful to get a different 
perspective. I cannot recommend this volume for the beginner. 


Revieuled by Peter T. Kissinger 
Department of Chemistry 
Purdue University 
West Lafayette, IN 47907 


Colorimetric and Fluorimetric Analysis of Steroids. By J. BARTOS 
and M. PESEZ. Academic (London), 24-28 Oval Rd., London, NW1 
7DX, England, 1976. vii + 274 pp. 15.5 X 23.5 cm. Price $21.50. 
Analytical methodology for steroids is important since these com- 


pounds are usually found at  low concentrations not only in dosage forms 
but also in biological samples. There is an extensive literature regarding 
spectrophotometric analysis of steroids, while literature involving fluo- 
rometric methods is scant and many of the procedures are nonspecific. 
The authors of this book have successfully compiled a volume detailing 
many colorimetric and fluorometric procedures for those natural or 
synthetic steroids of physiological interest. 


The methods reported are quantitative rather than qualitative, and 
only those based on chemical reactions that yield a color or fluorescence 
in solution are discussed. Many of‘the procedures were tested in the au- 
thors’ laboratory and even modified when an improvement could be 
made. This testing provided a selection procedure for inclusion in the 
book, where several methods based on the reaction and reagents were 
found in the literature. 


After general chapters on steroid nomenclature, functional group 
analysis of steroids, and halochroniism and halofluorism reactions, there 
are specific sections dealing with sterols and vitamin D, bile acids, es- 
trogens, gestogens, androgens, corticosteroids, contraceptive progesto- 
gens, cardiac glycosides, steroid saponins and sapogenins, and steroid 
alkaloids. Included in each chapter are general colorimetric and fluoro- 
metric procedures for the particular class of steroid. These are usually 
followed by specific methodology for the more important compounds in 
that class. 


The book is well written and undoubtedly will be useful to pharma- 
ceutical scientists involved in steroid research. It should be purchased 
for inclusion in a university science library collection. It is not recom- 
mended for use as a pharmacy course textbook since it is a compilation 
of analytical methodology. Whether or not it is included in a school of 
pharmacy library will depend upon the research interests of the staff since 
most undergraduates will not benefit from the volume. 


Reviewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, GA 30602 


Progress in Drug Metabolism. Vol. 1. Edited by J. W. BRIDGES and 
L. F. CHASSEAUD. Wiley, 605 Third Ave., New York, NY 10016, 
1976.286 pp. 15 X 25 cm. 


This first volume of a new review series contains five chapters: Newer 
Developments in the Mass Spectrometry of Drugs and Metabolites by 
B. J. Millard, Bioactivation and Cytotoxicity by T. A. Connors, The Role 
of Epoxides in Bioactivation and C!arcinogenesis by R. C. Garner, Clinical 
Aspects of Microsomal Enzyme Induction by J. 0. Hunter and L. F. 
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Mechanism of Methacholine-Induced Rise in 
Intraocular Pressure in the Dog 


EUGENE R. BAIZMAN and HOWARD J. JENKINSX 


Abstract 0 The mechanism of the methacholine-induced rise in in- 
traocular pressure in the dog was studied to determine the basis of the 
relationship, if any, between lens thickness and intraocular pressure. The 
results rule out a vasodilator component in methacholine intraocular 
pressure elevation, and the tonometric recording of the elevation makes 
unlikely the involvement of methacholine stimulation of the rectus 
muscles of the eye. Thus, indirect evidence points to methacholine 
stimulation of ciliary muscle contraction with consequent thickening of 
the lens as responsible for its intraocular pressure-elevating effect and, 
hence, the ability of the response under investigation to specify the cy- 
cloplegic liability of a neurotropic antispasmodic agent. 


Keyphrases Methacholine-mechanism of induced rise in intraocular 
pressure, effect of phenylephrine, dogs Intraocular pressure-mech- 
anism of methacholine-induced rise, effect of phenylephrine, dogs 
Phenylephrine-effect on methacholine-induced rise in intraocular 
pressure, dogs Cholinergic agents-methacholine, mechanism of in- 
duced rise in intraocular pressure, effect of phenylephrine, dogs 0 Ad- 
renergic agents-phenylephrine, effect on methacholine-induced rise 
in intraocular pressure, dogs 


During studies to determine the relative response of a 
number of parameters to intravenously administered 
methacholine chloride, intraocular pressure, as measured 
with an applanation tonometer, increased during a brief 
postinjection period and then decreased to normal (1). In 
contrast, parasympathomimetic agents in general, when 
applied topically to the cornea, were reported (2,3) to lower 
intraocular pressure. It became apparent that the increase 
in intraocular pressure in response to methacholine is dose 
dependent and that it can be offset by the prior adminis- 
tration of an anticholinergic compound such as atropine 
if the dose of the latter is adequate. Moreover, if the dose 
of the anticholinergic be such as to effect a partial block 
of established extent of the cholinergic receptors, the 
magnitude of the dose of methacholine that will elicit a 50% 
increase (half of the maximal response) in intraocular 
pressure (Meso) is an index of the affinity of the anticho- 
linergic agent for cholinergic receptors associated with the 
response. 


EXPERIMENTAL 


Mongrel, male dogs, 12-17 kg, were fed once a day at approximately 
the same time each day and allowed water ad libitum. Each dog was 
anesthetized with 10 mg of thiopental sodium/kg and 90 mg of cr-chlor- 
alose/kg iv, mixed in the calculated amounts and heated in an aqueous 
solution to 40-45" to increase solubility just prior to injection. 


Blood pressure was recorded directly by femoral artery puncture and 
pressure transducer. Changes in intraocular pressure during a determi- 
nation were transmitted to a pressure preamplifier by an applanation 
pressure transducer, the pressure-sensitive metallic core of which was 
positioned directly over the pupil on the corneal surface. A short piece 
of glass tubing, flanged at its point of contact with the eyeball, was used 
to support the base of the tonometer so that the core of the tapered end 
made unobstructed contact with the corneal surface. 


The dosage regimen employed in the initial portion of this study was 
identical with that used previously (1). The first standard dose of 5.55 
pg of methacholine/kg iv was injected and subsequently flushed into the 
circulatory system of the animal with 3 ml of saline. Intraocular pressure 
responses to methacholine were read a t  their respective peaks. Blood 


pressure responses were read twice for each dose of methacholine ad- 
ministered. The first reading was made just prior to drug administration, 
and the second was made a t  the nadir of the depressor response. 


The second standard dose of methacholine (5.55 pg/kg) was adminis- 
tered in the same manner as the first. If the response to either of these 
two drug administrations differed by much more than 10% from the av- 
erage of the two, a third standard dose of methacholine was given. Then 
the three responses were averaged for use in subsequent calculations to 
determine the degree of inhibition of the response occasioned by the 
anticholinergic agent. 


When the effect of the last preanticholinergic dose of methacholine 
had terminated, a 6.5-figlkg iv dose of the anticholinergic agent, glyco- 
pyrrolate bromide, was administered. During the following 30 min, the 
anticholinergic compound was allowed to exert its full effect. Then the 
preanticholinergic dose of methacholine (5.55 fig/kg) was repeated, and 
the responses of the two parameters to this dose were read in the same 
manner as described previously. After ensuring that all records had re- 
turned to their respective baselines, a second dose of methacholine was 
administered 15 rnin after the administration of the initial postan- 
ticholinergic dose; similarly, a third dose of this drug was administered 
15 min following the second dose. 


In all determinations, the quantities of the postanticholinergic doses 
of methacholine were equivalent to: ( a )  the preanticholinergic dose, ( b )  
twice the preanticholinergic dose, and (c) three times the preanticho- 
linergic dose. This series was chosen in an attempt to elicit responses such 
that one would be approximately 50% of the (average) preanticholinergic 
response, one would be greater than 50% of this (average) response, and 
one would be less than 50%. 


Each postanticholinergic response to methacholine was expressed as 
the percent inhibition of the (average) preanticholinergic response. An 
Meso was then obtained for each parameter whose responses lent them- 
selves to quantitative treatment (intraocular pressure and arterial blood 
pressure) by plotting dose-response data on logarithmic-probability 
paper, with the percent inhibition as the ordinate and the dose of meth- 
acholine as the abscissa (single dose of anticholinergic per determination). 
The fit of the line to the plotted points was determined both by visual 
inspection and by the method of least squares. The Meso's so obtained 
were averaged, and their standard deviations were determined. 


The first modification of the described drug dosage regimen was the 
substitution of an intravenous dose of phenylephrine hydrochloride for 
glycopyrrolate. Doses of 10,20, and 30 pg/kg of the latter were adminis- 
tered 15 min apart, beginning 15 min after the last prephenylephrine dose 
of methacholine had been injected. Responses were recorded in the usual 
manner. 


Exactly 60 sec after the injection of the first dose of phenylephrine, at  
the peak of the response to this pressor agent, a dose of methacholine 
equivalent to the prephenylephrine dose (5.55 pg/kg) was administered 
and the responses were recorded. After both intraocular pressure and 
blood pressure parameters had again returned to their respective base- 
lines, the second phenylephrine dose was administered, followed 1 rnin 
later by a dose of methacholine identical to the one previously adminis- 
tered. The third and largest dose of phenylephrine was then given, again 
followed precisely 1 min later by 5.55 pg/kg of methacholine. By means 
of the prior systemic administration of phenylephrine, a potent vaso- 
constrictor and pressor agent, it was possible to obtain pharmacological 
opposition to the depressor and vasodilator effects of methacholine which 
might be involved in the intraocular pressure rise. 


RESULTS AND DISCUSSION 


Variations in such physiological phenomena as respiration and arterial 
blood pressure can affect intraocular pressure (4), and intraocular pres- 
sure elevated as a result of such variations has been reported. Carballo 
(4) stated that acetylcholine and anticholinesterases elevate ocular ten- 
sion by producing vasodilation in the eye and by stimulating the con- 
traction of the external rectus muscles. This finding was substantiated 
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Table I-Methacholine-Induced Responses of Intraocular Pressure and Arterial Blood Pressure after Injection of Phenylephrine 
Hydrochloride in a 16.0-kg Dog 


Pupil Intraocular Arterial 
Size, Pressure, Blood Pressure, 


Time Drug mm mm Hg mm Hg 


2:45 


3:OO 
3:lO 
3:20 
3:22 
3:32 
3:37 
3:38 
3:48 
3:53 
3:54 
4:04 
4:09 
4:lO 


Thiopental, 10 mg/kg iv, and 


Chloralose, 45 mg/kg sc 
90 mg/kg iv 


Methacholine, 55 pg/kg iv 


Phenylephrine, 10 fig/kg iv 
Methacholine, 5.55 pg/kg iv 


Phenylephrine, 20 pglkg iv 
Methacholine, 5.55 pglkg iv 


Phenylephrine, 30 pglkg iv 
Methacholine, 5.55 pg/kg iv 


chloralose, 


- 
3 
3 
4 
3 
4 
4 
3 
4 
3 
4 
4 
4 


- 


- 


1701105 
1821115 
70/50 


198/120 
2401180 
150180 


2501180 
18211 20 
2001130 
250190 
1701120 


2001122 


by Colle et al. (5), who observed that administration of large doses of 
acetylcholine produced a rapid rise in intraocular pressure of the perfused 
dog head, with a rise in systemic blood pressure. Here also vasodilation 
of intraocular vessels and contraction of the rectus muscle were impli- 
cated in the response. Methacholine, certain anticholinesterases, and 
pilocarpine have all caused a vasodilation of the conjunctival and in- 
traocular vessels as well as increased permeability of their walls (6). The 
volume of blood contained in the vessels of the choroid and of the ciliary 
body constitutes a large part of the total volume of the eye. Hence, any 
agent affecting the filling of these vessels may affect intraocular pressure 
(7). 


Cholinergic agents, especially echothiophate iodide and pilocarpine, 
may produce a shallowing of the anterior chamber, which could result 
from an anterior displacement of the lens with relaxation of the sus- 
pensory ligaments following contraction of the ciliary muscle (8). The 
thrust of the anterior lenticular displacement may cause a bowing of the 


I I 


.) PREPHENYLEPHRINE ' RESPONSES AFTER 
RESPONSES 10 f i g l k g  


c I I- t 


RESPONSES AFTER RESPONSES AFTER 
20 f i g k g  30 p g k g  


Figure 1-Intraocular and arterial blood pressure responses to meth- 
acholine chloride (5.55 fig/kg) in an anesthetized dog before and after 
injection of 10, 20, and 30 p g  of phenylephrine hydrochloridelkg iu. 
(Time: 1 mm = 1 sec; arterial blood pressure: I mm = 10 mm Hg; in- 
traocular pressure: I mm = 1 mm Hg. )  


iris in the direction of the cornea, narrowing the chamber angle and in- 
creasing resistance to drainage. As the thickening lens pushes anteriorly 
against the iris, its more spherical anterior surface may achieve a pupil 
block, which prevents dissipation of a pressure rise through this avenue 
of escape. 


Thus, there are three (chief) mechanisms by which parasympathetic 
stimulation and parasympathomimetic agents may increase intraocular 
pressure such as is obtained in the intravenous administration of meth- 
acholine chloride in the dog: 


1. Increased aqueous humor production through vasodilation and 
increased permeability of ciliary vessels. 


2. Anterior thickening of the crystalline lens pushing the iris toward 
the rigid cornea, thereby decreasing the drainage angle of the anterior 
chamber and the chamber volume. (A combination of 1 and 2 is possi- 
ble.) 


3. Contraction of the external rectus muscle with consequent reduction 
in intrachamber volume. 


In light of results obtained when phenylephrine was injected intrave- 
nously, vasodilation probably does not play a significant role in the 
methacholine-induced rise in intraocular pressure in the intact dog (Table 
I and Fig. 1). Little, if any, change occurred in the elevation of intraocular 
pressure after methacholine injection when phenylephrine was admin- 
istered intravenously beforehand and was acting systemically to constrict 
intraocular vessels or was applied topically, directly upon the corneal 
surface (not shown). Phenylephrine was used to eliminate the possibility 
that intraocular vessel changes elicited by methacholine are responsible 
for the rise in intraocular pressure. This sympathomimetic mydriatic 
agent is reported to lower significantly an elevated intraocular pressure 
by decreasing aqueous humor formation through constriction of the in- 
traocular vessels of the ciliary body and the choroid coat. Furthermore, 
it induces no significant changes in the aqueous humor outflow, the ciliary 
muscle, or the crystalline lens (9-11). 


A comparison of the mean and standard deviation of the mean blood 
pressure Me50 values with the mean and standard deviation of the in- 
traocular pressure Meso values for glycopyrrolate shows a significant 
difference ( p  = 0.005) between the affinities of vascular and ciliary cho- 
linergic receptors for this anticholinergic agent (Table 11). This difference 
indicates that the rise in intraocular pressure elicited by methacholine 
is not secondary to the fall in arterial blood pressure, i.e., to vasodilation 
and the subsequent increase in aqueous humor production. Thus, the two 
responses do not appear to represent the same basic phenomenon and 
might be separable on an experimental basis. Moreover, the rapidity of 
the rise of intraocular pressure in response to methacholine makes in- 
creased aqueous humor production an unlikely etiologic factor. Besides, 
the contraction of ciliary muscle in response to methacholine reduces 
muscle volume, with a resultant constriction of ciliary blood vessels, each 
of which tends to lower intraocular pressure. On the other hand, the re- 
duction in the diameter of the ciliary circle, which attends contraction 
of the ciliary muscle, itself reduces the size of the anterior chamber and 
favors a pressure rise. In the early work of Armaly ( 8), the latter effect 
predominated in the cat eye after parasympathetic stimulation. 


Because of the nature of the intraocular pressure determination 
(employing an applanation tonometer), any contraction of the external 
rectus muscle would manifest itself as a decrease in intraocular pressure 
and would be thus detectable. 


By deduction, then, it appears that a thickening of the crystalline lens 
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Table 11-Determination of Mean Values for Glvcouyrrolate (6.5 u d k p  iv) 


Arterial Blood 
Intraocular Pressure, 


Pressure, mm Hg Inhibition, % mm Hg Inhibition, 96 


Mean preantispasmodic 12.0 85.00 
Methacholine, 5.55 pg/kg iv 4.0 66.66 35.02 58.80 
Methacholine, 11.10 pg/kg iv 6.0 50.00 49.98 41.20 
Methacholine, 16.65 pg/kg iv 7.5 37.50 57.46 32.40 
Me50 value (from graphs) 10.08 pglkg 8.10 pg/kg 
Meso mean 


t = 5.489 
9.95 + 2.14 ( n  = 9) 5.79 f 1.61 (n  = 16) 


with a resultant thrust of the iris in the direction of the cornea, decreasing 
the chamber volume and drainage angle, together with a (possible) block 
of the pupillary opening preventing the dissipation of increasing chamber 
pressure is responsible for the methacholine-induced rise in intraocular 
pressure. This rise probably occurs only after intravenous injection of 
methacholine when the rapid forward thrust of the iris by the thickening 
of the lens, which appears responsible for it, is able to overcome for a time 
the tendency of the drainage system to offset it, a tendency soon realized 
in the speedy return of pressure to baseline following the postinjection 
rise. Subsequent investigation might involve another route of metha- 
choline administration in an effort to determine the influence of the 
administration route on the response. It should also attempt to determine 
whether a dose of methacholine that is threshold for blood pressure re- 
duction has any effect on intraocular pressure or, conversely, the extent 
to which methacholine might reduce blood pressure before it effects an 
increase in intraocular pressure. 


The significance of this study involves the use of the parameter of in- 
traocular pressure to determine the liability of a neurotropic antispas- 
modic (parasympatholytic) agent to induce cycloplegia. If a direct rela- 
tionship exists between intraocular pressure and lens thickness, as this 
study indicates, then the extent to which the neurotropic antispasmodic 
interferes with a cholinergic-induced rise in intraocular pressure is a 
measure of its tendency to produce cycloplegia or blurring of vision. 
Hence, neurotropic antispasmodic compounds with relatively high in- 
traocular pressure Mew’s (in relation to their antimotility or antisecretory 
Me50’s) should have a high liability with respect to the side effect of cy- 
cloplegia. 


The study reported is a facet of a comprehensive investigation con- 
ducted over years. Numerous determinations of the effect of neurotropic 


antispasmodic agents on the intraocular pressure response to metha- 
choline in the dog were made, and the data reported here are represen- 
tative. 
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Impurities in Drugs I: 
Imipramine, Desipramine, and Their Formulations 


K. M. McERLANEX, N. M. CURRAN, and E. G. LOVERING 


Abstract Nineteen lots of imipramine tablets and four lots of des- 
ipramine tablets were examined for impurities by TLC. Iminodibenzyl, 
desipramine, and l0,11-dihydro-5-[3-(methylamino-3’-dimethylami- 
nopropyl)propyl] -5H-dibenz [b,f]azepine dihydrobromide (I) were found 
in some imipramine tablets, and iminodibenzyl and imipramine were 
found in some desipramine tablets, all a t  levels of less than 0.3% of label 
claim of the drug. Except for I, the identity of the impurities was estab- 
lished by comparison with known standards; I was synthesized and its 
composition was established by elemental analysis. All impurities, in- 
cluding I, were characterized by TLC, GLC, and mass spectrometry. 


Keyphrases 0 Imipramine tablets-impurities, TLC, GLC, and mass 
spectral analysis Desipramine tablets-impurities, TLC, GLC, and 
mass spectral analysis Impurities-in imipramine and desipramine 
tablets, TLC, GLC, and mass spectral analysis 0 Tablets-imipramine 
and desipramine, TLC, GLC, and mass spectral analysis of impurities 


Dosage forms-tablets, imipramine and desipramine, TLC, GLC, and 
mass spectral analysis of impurities 0 Antidepressants-imipramine and 
desipramine tablets, TLC, GLC, and mass spectral analysis of impuri- 
ties 


Organic compounds found as impurities in drugs and 
drug formulations may be intermediates or by-products 
of the drug synthesis, products of drug or excipient deg- 
radation, products of drug-excipient interaction, or the 


result of contamination. The nature of the impurities in 
a drug may depend on the synthetic process and the source 
of materials used in manufacture or the nature and source 
of the excipients. Impurities may be toxic, and their 
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is incorrect; it is not a bis quaternary but is rather a mono quaternary 
combined with a tertiary amine moiety. 


Chapter 7, Drugs Affecting the Mind, briefly discusses psychothera- 
peutic drugs, hallucinogenic drugs, and cannabis and is a pleasure to read. 
Chapter 8, Ophthalmic Drugs, covers tropane, pilocarpine, arecoline, 
muscarine, cocaine, and related alkaloids, with emphasis on the tropane 
alkaloids. Chapter 9, Drugs Acting on the Cardiovascular System, dis- 
cusses cardiac glycosides, hypotensive agents, and anticoagulants. The 
portion dealing with cardiac glycosides is well written and provides in- 
teresting reading. Chapter 10, Steroid Hormones, introduces plant 
sources for steroidal sapogenins that serve as starting material for the 
clinically useful semisynthetic steroids. Other chapters (11-17) describe 
GI agents, drugs affecting respiration, vitamins, antibiosis, natural toxic 
agents, crop protection agents, and formulation aids. As the names of 
these chapters imply, the authors have made a great effort to correlate 
plants and drugs from diversified subjects. 


In general, the coverage is good and thorough, despite the fact that the 
literature survey is in most cases only up to 1973. The text is easy to read, 
although the stereochemistry of many well-known drugs included in this 
volume is not indicated. 


The book would be a useful addition to undergraduate libraries with 
interests in drugs of plant origin and would be complementary to ad- 
vanced undergraduate courses in natural product chemistry. 


Reuiewed by Kuo-Hsiung Lee 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


“Experimental Pharmaceutics” is not a complete textbook in itself. 
Use of the manual requires the guidance of an instructor willing to provide 
or point out references for the student to read. Several lists of references 
are strategically located in the manual. The publication is flexible in that 
each section is complete in itself, so that certain sections could be used 
without using the others. In fact, parts of a section could be utilized to 
reduce laboratory or discussion time. 


The authors have provided, in the appendix, certain valuable data such 
as dissociation constants, freezing-point depressions, sodium chloride 
equivalents, ophthalmic buffer systems, and hydrophile-lipophile balance 
values. The authors have pointed out the importance of presenting data 
in a clear, concise manner and have included an outline of how to present 
experimental data. 


In this manual, the authors have put together a logical outline of 
pharmaceutical systems, each supported with an adequate number of 
pharmaceutical preparations for the student to make and evaluate. The 
physical science concepts of pharmacy are integrated nicely into the 
preparation and evaluation of pharmaceutical dosage forms. “Experi- 
mental Pharmaceutics” is highly recommended for use as a laboratory 
manual in beginning courses in pharmaceutics. 


Reuiewed by Elmer M. Plein 
School of Pharmacy 
Uniuersity of Washington 
Seattle, W A  98295 


Experimental Pharmaceutics, 4th Ed. By EUGENE L. PARROTT 
and WITOLD SASKI. Burgess, 7108 Ohms Lane, Minneapolis, MN 
55435,1977. vi + 338 pp. 21 X 28 cm. Price $10.95. 
This laboratory manual, composed of 31 chapters and an appendix, 


is divided into five sections: metrology, solids, solutions, polyphasic 
systems, and plastic systems. 


The authors have presented the material in a manner that relates 
pharmacy to a mathematical, scientific basis without presupposing a 
background in calculus or physical chemistry. The manual is different 
from many in the same field in that pharmaceutical preparations or 
dosage forms as such are not emphasized. They are, however, considered 
within their general classification by physical state to point out their 
relationships and similarities. 


Solids can be used as an example of the method of presenting the ma- 
terial. The authors first consider the characteristics of particles and the 
means of reducing particle size. The blending of solids and some prop- 
erties of solids are then presented. Methods of combining powdered 
materials to produce dosage forms of larger size such as granules, tablet 
triturates, and compressed tablets follow. Experiments on solids include 
also the coating of tablets and means of evaluating the solid dosage forms 
by in uitro and in uiuo tests. The in uiuo test is a urinary recovery test. 
In this series of experiments with solids, the student is taught techniques 
and skills in manipulating solids with various types of hand and mecha- 
nized equipment, specifications of solid dosage forms, physical testing 
by in uitro procedures, and bioavailability testing and evaluation by in 
uiuo procedures. 


Students are asked to complete tables and fill in blanks in the manual 
with information that they have gathered from their experiments and 
from assigned readings. Adequate space and graphs are provided for these 
purposes. 


Physical Chemistry for the  Life Sciences. By JAMES R. BAR- 
RANTE. Prentice-Hall, Englewood Cliffs, NJ 07632,1977.337 pp. 14 
X 22:5 cm. Price $14.95. 
The book is designed as a text in basic physical chemistry for students 


majoring in biochemistry, biology, medicine, and dentistry. It is intended 
for a one-semester course and includes those areas of physical chemistry 
important to the life sciences. The level of mathematics is lower than that 
usually found in a physical chemistry text. A t  the end of each chapter, 
under Special Topics, there are on the average three pages of material 
that require an adequate mathematical background. There are problems 
and selected answers at the end of each chapter. 


The chapters are: Properties of Gases, First Law of Thermodynamics, 
Second and Third Laws of Thermodynamics, Free Energy and Equilib- 
rium, Solutions, Chemical Equilibrium, Ionic Equilibria, Reaction Ki- 
netics, Electrochemistry, Selected Properties of Macromolecules, and 
Photochemistry. Although the author states that, when feasible, biological 
examples are used to illustrate physical-chemical principles, most of the 
presentation centers about very simple systems for which biological ex- 
amples are not available. 


The book is attractive and is well written for those interested in a 
concise exposure to the concepts of physical chemistry. For the pharmacy 
student, the text is too elementary and is not significantly different from 
other physical chemistry texts written for nonchemistry majors. For the 
pharmaceutical scientist, the book may serve as a review; however, it 
probably is not broad enough in scope or great enough in depth to be 
recommended as an addition to his or her library. 


Reuiewed by Eugene L. Parrott 
Diuision of Pharmaceutics 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 
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Table I-Chemical Shifts (6) of the Protons of I at Various Concentrations a 


Concentration, 
M H3 H5 Hio 2-CH3 4-CH3 H6,7.8.9 


m, 7.44 and 7.98 3.4 x 10-2 7.02 8.38 8.53 2.69 d, 2.76, J = 1.2 Hz 
2.74 X lo-’ 6.9 8.24 8.48 2.64 2.64 m, 7.42 and 7.98 
6.4 X lo-’ 6.77 8.14 8.43 2.57 d, 2.50, J = 1 Hz m, 7.36 and 7.86 
Benzene-d6 5.8 8.20 8.89 2.58 d, 2.27, J = 0.66 Hz m, 7.25 and 7.8 


Except as noted, spectra were run in carbon tetrachloride; 1% tetramethylsilane was utilized as the internal standard (6 = 0.0) in all samples. 


(2). The chemical shifts for the protons of I at various concentrations are 
shown in Table I. 


Compound I, 150 mg, was refluxed for 15 min in 4 ml of methyl alco- 
holdl, to which had been added 200 mg of metallic sodium. The reaction 
was then treated with 25 ml of water, the mixture was extracted with 
ether, and this extract was dried with magnesium sulfate. The residue 
remaining after evaporation under vacuum was recrystallized from pe- 
troleum ether, mp 92-93’ [tit. (2) mp 92-93’], and the NMR spectrum 
was determined in benzene-d6. The downfield methyl resonance con- 
tained 26% less protons than the upfield 4-methyl group. 
2-Methyl-4-phenylbenzo[g]quinoline (11) was prepared as described 


by Huisgen (3). The product melted at  110’ [lit. (3) mp 110’1; NMR 6 
8.58 (9, lH), 8.27 (s, lH), 8.14 (m, 9H), 7.09 (s, lH), and 2.76 (s,3H). No 
appreciable change in the spectrum was found when the concentration 
of I1 was changed. 


DISCUSSION 


The lack of coupling between proton H3 and the methyl group of 2- 
methylquinoline and the fact that the methyl protons of 4-methylqui- 
noline were observed as a doublet ( J  = 0.95 Hz) (4) supported the dis- 
cussed assignment of the methyl resonances of I. In addition, the methyl 
resonance of I1 was a singlet. To show that the doublet of I was the result 
of coupling to proton H3 rather than to a long-range interaction, proton 
H3 was irradiated to produce a singlet for the 4-methyl resonance of I. 
The ability of benzene to produce larger upfield chemical shifts for methyl 
groups on the 4-position of quinoline or pyridine is well documented (l), 
and the same physical phenomenon should result in an upfield shift for 
the 4-methyl of I. 


When the spectrum of I was run in benzene-&, the methyls appeared 
as expected as a singlet a t  6 2.58 and as a doublet a t  6 2.27 (J = 0.66 Hz). 
When I was treated with sodium methoxide-methyl alcohol-dl, the 
downfield resonance as observed in benzene-d6 exchanged more rapidly 
than the upfield resonance, showing that the downfield resonance in 
benzene-ds was due to the more acidic 2-methyl group (5). 


The finding of Clar and MacKay (6) that the splitting between 
methyl-substituted anthracenes and aromatic protons.was directly re- 


lated to the extent of double bond fixation has application to the ben- 
zoklquinoline system. Since the resonance energy of benzo[g]quinoline 
is 21.2 kcdmole less than anthracene, the possibility of even greater bond 
localization exists with I than with anthracene. The lack of coupling be- 
tween proton H3 and the 2-methyls of I and I1 substantiated the local- 
ization of bonds in the hetero ring of benzo[g]quinolines as shown in 
Structures I and 11. 


The localization of the bonds in the hetero ring results in less para- 
magnetic shielding for the 2-methyl group because it is removed from 
the aromatic naphthalene ring. The 4-methyl group is affected by the 
paramagnetic shielding of the naphthalene section of the molecule, re- 
sulting in its downfield position with respect to the 2-methyl in dilute 
solutions where solute-solute interactions are minimized. In more con- 
centrated solutions, increased shielding of the 4-methyl group due to 
solute-solute interactions produces a spectrum that conforms to the 
classical absorption pattern. 


Quantitative Determination of Phenol by 
High-pressure Liquid Chromatography 


JOSEPH D. MUSTO, JAYANT N. SANE, and 
VICTOR D. WARNER 
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Abstract 0 High-pressure liquid chromatography was used with a 5-pm 
silica gel column to quantitate the phenol in phenolated calamine lotion 
USP and a commercial antiseptic solution. This method requires less than 
10 min/assay, and other compounds present in the products analyzed did 
not interfere. 


Methods for the quantitative analysis of phenol include 
a bromometric analysis (l), a colorimetric analysis based 
on the reaction of phenol with copper sulfate (2), and, most 


Keyphrases Phenol-high-pressure liquid chromatographic analysis, 
pharmaceutical preparations 0 High-pressure liquidchromatography- 
analysis, phenol in pharmaceutical preparations Antipruritics-phenol, 
high-pressure liquid chromatographic analysis in pharmaceutical prep- 
arations 


recently, a colorimetric analysis based on the reaction of 
phenol with ferric chloride (3). This report describes a 
rapid quantitative method for the analysis of the phenol 
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Table I-Assay Results (Percent Concentration of Phenol) on 
Phenolated Calamine Lotion and  a Commercial Antiseptic 
Snlution 


Phenolated Commercial 
Calamine Lotion Antiseptic Solution 


Assav Assav USP Assav ReDorted" 


1 
2 
3 
4 


1.01 1 .oo 1.36 1.4 
1.02 1 .oo 1.34 1.4 
0.96 1.00 1.35 1.4 
1.02 1.00 1.35 1.4 


SD 0.03 0.008 
cv 3.0% 0.59% 
Average deviation 0.02 0.005 


a Data from "Handbook of Non-Prescription Drugs,'' G. B. Griffenhagen and 
L. L. Hawkins, Eds., American Pharmaceutical Association, Washington, D.C., 1973, 
p. 1:10. 


present in commercial products using high-pressure liquid 
chromatography (HPLC). 


EXPERIMENTAL 


Reagents and Chemicals-All chemicals and reagents were USP, NF, 
ACS, or chromatographic grade. Phenolated calamine lotion USP (1% 
phenol) and a commercial antiseptic solution (1.4% phenol) were pur- 
chased locally. 


Preparation of Solutions-Solutions of 1.00% (w/v) phenol and 1 . W o  
(w/v) hexylresorcinol were prepared in methylene chloride. Five standard 
solutions were prepared by placing 2 ml of the 1.00% hexylresorcinol in 
each of five 10-ml volumetric flasks, adding varying amounts of 1.009b 
phenol (0.5-2.0 ml) to each flask, and diluting to 10 ml with methylene 
chloride. These dilutions yielded five standard solutions of phenol ranging 
from 0.050 to 0.20046 with the internal standard (0.200% hexylresorcinol). 
These solutions were used to establish the accuracy and linearity of the 
chromatographic response. An aqueous standard containing 0.110% (w/v) 
phenol was used as the primary standard for analysis of the unknown 
samples. 


Establishment of Linearity-The five standard phenol-hexylres- 
orcinol solutions (0.050-0.200%) in methylene chloride served to establish 
the linearity of response. Ten microliters of each solution was injected 
into the chromatograph, and the peak height ratio of the phenol to the 
internal standard (0.200% hexylresorcinol) was calculated and plotted 
uersus the phenol concentration. The data indicated that the chroma- 
tographic response was linear up to the highest phenol concentration 
(0.200%) tested. 


Assay Procedure-The phenolated calamine lotion was thoroughly 
mixed. A 10-ml aliquot of the emulsion was diluted to 100 ml with distilled 
water, and 10 ml of this diluted sample was centrifuged. An aliquot of 5 
ml of the supernate was extracted by adding 1.0 ml of 1 N HCI, 4 ml of 
methylene chloride, and 1 ml of the internal standard (1.00% hexylres- 
orcinol in methylene chloride). The mixture was centrifuged, and the 
aqueous layer was discarded. Ten microliters of the methylene chloride 
extracts was injected into the chromatograph. 


The commercial antiseptic solution, 10 ml, was diluted to 100 ml with 
distilled water. A 5-ml aliquot of the diluted solution was extracted by 
adding 1.0 ml of 1 N HCl, 4 ml of methylene chloride, and 1 ml of the 
internal standard (1.00% hexylresorcinol in methylene chloride). The 
mixture was centrifuged, and the aqueous layer was discarded. Ten mi- 
croliters of the methylene chloride extract was injected. 


The aqueous phenol standard containing 0.1 10% phenol was extracted 
by adding 1.0 ml of 1 N HCI, 4 ml of methylene chloride, and 1 ml of the 
internal standard (1.00% hexylresorcinol in methylene chloride). The 
mixture was centrifuged, and the aqueous layer was discarded. Ten mi- 


croliters of the methylene chloride extract was injected. The final con- 
centration of the internal standard in the aqueous phenol standard ex- 
tract and sample extracts was 0.200%. 


The 0.100% phenol standard solution containing 0.200% internal 
standard (hexylresorcinol in methylene chloride) was always injected 
during the analysis to monitor instrument response. 


The percent phenol in the analyzed sample (% S )  was calculated ac- 
cording to: 


where % std is the percent phenol in the aqueous phenol standard solu- 
tion, R, is the ratio of the peak height of phenol and hexylresorcinol in 
the extracted sample, Rstd is the ratio of the peak height of phenol and 
hexylresorcinol in the extracted aqueous phenol standard solution, and 
D is the dilution factor (= 10). 


Interference from Othe r  Components-In the analysis of pheno- 
lated calamine, no interference was observed in the chromatogram. The 
commercial antiseptic solution contained thymol and menthol in addition 
to phenol, but neither agent interfered with the assay. Thymol eluted a t  
1.97 min; menthol, as expected, was not observed by the UV detector. 


Instrument  Parameters-A high-pressure liquid chromatograph' 
with a UV detector (254 nm) was used with a solvent system containing 
63% heptane, 34% chloroform, and 3% methanol. The column2 was 0.63 
cm ( v d  in.) o.d., 15 cm long, and packed with 5-pm silica gel3. The tem- 
perature was ambient, and the solvent flow was 3 ml/min (at an inlet 
pressure of 1000 psi). Samples and standards of 10 pl  were injected, giving 
an elution order of phenol (2.75 min) and hexylresorcinol(4.73 min). 


DISCUSSION 


The results (Table I) show that phenol can be readily assayed in phe- 
nolated calamine lotion USP and a commercial antiseptic solution using 
a simple HPLC method. The extraction and HPLC analyses gave a linear 
response with phenol concentrations between 0.050 and 0.200%. An 
aqueous phenol standard containing 0.110% phenol was assayed with each 
batch of samples, and the concentrations of the samples were calculated 
based upon this standard. This aqueous phenol standard very closely 
simulated the unknown samples and was carried through the identical 
extraction procedure. 


A control was also run with each batch to monitor instrument condi- 
tions. This procedure minimized assay errors due to technique. Total 
analysis time per sample was less than 10 min. 
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Table 11-Determination of Mean Values for Glvcouyrrolate (6.5 u d k p  iv) 


Arterial Blood 
Intraocular Pressure, 


Pressure, mm Hg Inhibition, % mm Hg Inhibition, 96 


Mean preantispasmodic 12.0 85.00 
Methacholine, 5.55 pg/kg iv 4.0 66.66 35.02 58.80 
Methacholine, 11.10 pg/kg iv 6.0 50.00 49.98 41.20 
Methacholine, 16.65 pg/kg iv 7.5 37.50 57.46 32.40 
Me50 value (from graphs) 10.08 pglkg 8.10 pg/kg 
Meso mean 


t = 5.489 
9.95 + 2.14 ( n  = 9) 5.79 f 1.61 (n  = 16) 


with a resultant thrust of the iris in the direction of the cornea, decreasing 
the chamber volume and drainage angle, together with a (possible) block 
of the pupillary opening preventing the dissipation of increasing chamber 
pressure is responsible for the methacholine-induced rise in intraocular 
pressure. This rise probably occurs only after intravenous injection of 
methacholine when the rapid forward thrust of the iris by the thickening 
of the lens, which appears responsible for it, is able to overcome for a time 
the tendency of the drainage system to offset it, a tendency soon realized 
in the speedy return of pressure to baseline following the postinjection 
rise. Subsequent investigation might involve another route of metha- 
choline administration in an effort to determine the influence of the 
administration route on the response. It should also attempt to determine 
whether a dose of methacholine that is threshold for blood pressure re- 
duction has any effect on intraocular pressure or, conversely, the extent 
to which methacholine might reduce blood pressure before it effects an 
increase in intraocular pressure. 


The significance of this study involves the use of the parameter of in- 
traocular pressure to determine the liability of a neurotropic antispas- 
modic (parasympatholytic) agent to induce cycloplegia. If a direct rela- 
tionship exists between intraocular pressure and lens thickness, as this 
study indicates, then the extent to which the neurotropic antispasmodic 
interferes with a cholinergic-induced rise in intraocular pressure is a 
measure of its tendency to produce cycloplegia or blurring of vision. 
Hence, neurotropic antispasmodic compounds with relatively high in- 
traocular pressure Mew’s (in relation to their antimotility or antisecretory 
Me50’s) should have a high liability with respect to the side effect of cy- 
cloplegia. 


The study reported is a facet of a comprehensive investigation con- 
ducted over years. Numerous determinations of the effect of neurotropic 


antispasmodic agents on the intraocular pressure response to metha- 
choline in the dog were made, and the data reported here are represen- 
tative. 
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Impurities in Drugs I: 
Imipramine, Desipramine, and Their Formulations 


K. M. McERLANEX, N. M. CURRAN, and E. G. LOVERING 


Abstract Nineteen lots of imipramine tablets and four lots of des- 
ipramine tablets were examined for impurities by TLC. Iminodibenzyl, 
desipramine, and l0,11-dihydro-5-[3-(methylamino-3’-dimethylami- 
nopropyl)propyl] -5H-dibenz [b,f]azepine dihydrobromide (I) were found 
in some imipramine tablets, and iminodibenzyl and imipramine were 
found in some desipramine tablets, all a t  levels of less than 0.3% of label 
claim of the drug. Except for I, the identity of the impurities was estab- 
lished by comparison with known standards; I was synthesized and its 
composition was established by elemental analysis. All impurities, in- 
cluding I, were characterized by TLC, GLC, and mass spectrometry. 


Keyphrases 0 Imipramine tablets-impurities, TLC, GLC, and mass 
spectral analysis Desipramine tablets-impurities, TLC, GLC, and 
mass spectral analysis Impurities-in imipramine and desipramine 
tablets, TLC, GLC, and mass spectral analysis 0 Tablets-imipramine 
and desipramine, TLC, GLC, and mass spectral analysis of impurities 


Dosage forms-tablets, imipramine and desipramine, TLC, GLC, and 
mass spectral analysis of impurities 0 Antidepressants-imipramine and 
desipramine tablets, TLC, GLC, and mass spectral analysis of impuri- 
ties 


Organic compounds found as impurities in drugs and 
drug formulations may be intermediates or by-products 
of the drug synthesis, products of drug or excipient deg- 
radation, products of drug-excipient interaction, or the 


result of contamination. The nature of the impurities in 
a drug may depend on the synthetic process and the source 
of materials used in manufacture or the nature and source 
of the excipients. Impurities may be toxic, and their 
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Table I-Chromatographic Characteristics 


TLC GLC 
TLC Detectability Retention 


Compound Rr Limit", WE Time, min 


Iminodibenzvl 0.81 0.06 
Imipramineg 0.67 0.03 
I 0.26 0.03 
Desipramine' 0.36 0.03 


3 
6.5 


23 
8 


(1 Applied with 200 pg of the drug. * As an impurity in desipramine. As an im- 
purity in imipramine. 


presence may be indicative of inadequately controlled 
manufacturing or storage conditions. 


To obtain a broadly based perspective of impurity levels 
and the potential problems associated with them, drug 
products and formulations from many different sources 
should be examined. This paper, the first of a series re- 
porting the occurrence of impurities in drugs, describes a 
study of imipramine and desipramine formulations. 


Imipramine hydrochloride is official in USP XIX (1) and 
BP 1973 (2,3). Limits for iminodibenzyl, one of the starting 
materials, are set a t  0.1% by the USP and at  0.2% by the 
BP. Tablets and injections are described in the USP, and 
tablets are described in the BP, but only the latter specifies 
a limit for iminodibenzyl(O.3%) in tablet formulations. 


Desipramine hydrochloride is official in NF XIV (4) and 
in BP 1973 (2). The limits specified for iminodibenzyl are 
0.1 and 0.2%, respectively. Tablets and capsules are de- 
scribed in the NF, and tablets are described in the BP. The 
latter sets a limit of 0.3% for the content of iminodibenzyl 
in tablets. 


EXPERIMENTAL 


Materials-Imipramine hydrochloride and desipramine hydrochlo- 
ride were the respective USP and NF reference standard materials. 
Nineteen lots of seven brands of imipramine tablets and four lots of two 
brands of desipramine tablets were obtained from the manufacturers. 
The other reagents used were redistilled chloroform', benzene', ethyl 
acetate', absolute ethanol2, and dimethylaminopropyl chloride3. Ma- 
cherey-Nagel TLC plates4 were precoated with 0.25-mm silica gel G 
containing a 254-nm fluorescent indicator. 


Standard Solutions-For imipramine studies, 56.5 mg of imipramine 
hydrochloride was dissolved in 2.0 ml of 0.1 N hydrochloric acid, made 
basic with 0.1 ml of concentrated ammonium hydroxide, and extracted 
by shaking into 5.0 ml of chloroform containing 0.15 mg of iminodibenzyl, 
0.17 mg of desipramine hydrochloride, and 0.22 mg of l0,ll-dihydro- 
5-[3-(methylamino-3'-dimethylaminopropyl)propyl] - 5H - dibenz [ b , f ] -  
azepine dihydrobromide (I, Scheme I). The standard solution in chlo- 
roform was separated from the aqueous layer. The desipramine standard 
solution was prepared in a similar way by extracting 57.9 mg of desipra- 
mine hydrochloride into 5 ml of chloroform containing 0.15 mg of imi- 
nodibenzyl and 0.17 mg of imipramine hydrochloride. 


Both reference standard drugs were shown, by the TLC system de- 
scribed in this paper, to be free of detectable impurities. Each standard 
solution contained 10 mg/ml of the free base form of the drug with the 
remaining compounds, also as the free bases, a t  0.3% with respect to the 
drug. 


TLC Solvent Systems-For imipramine, a system of benzene-ethyl 
acetate-absolute ethanol-concentrated ammonium hydroxide (5050 
153) was used. For desipramine, the proportions were 505020:3, re- 
spectively. Both solutions were placed in filter paper-lined chromato- 
graphic tanks and allowed to equilibrate for 1 hr prior to use. 


Tablet Extraction-Twenty tablets were weighed and finely pow- 
dered. An amount of drug equivalent to 50 mg of the free base was 


' Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 
2 Consolidated Alcohols Ltd., Toronto, Ontario, Canada. 


' Brinkmann Instruments, Toronto, Ontario, Canada. 
Aldrich Chemical Co., Milwaukee, Wis. 
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Scheme I 


weighed into a 10-ml polytef-lined, screw-capped centrifuge tube. Then 
2 ml of 0.1 N hydrochloric acid was added, and the tube was shaken vig- 
orously for 15 min on a horizontal shaker. Concentrated ammonium 
hydroxide, 0.1 ml, and 5 ml of redistilled chloroform were added, and the 
tube was shaken for 20 min. A portion of the chloroform layer, containing 
the drug and impurities, was removed for analysis. 


Screening for Impurities-The R/ of each drug and impurity in 
chloroform solution was determined in the appropriate TLC system. To 
check for possible decomposition, each compound was scraped from the 
plate and subjected to GLC and mass spectrometry. A portion of the el- 
uate recovered from the gas chromatograph was rerun in the TLC system. 
The lower detection limit of each impurity was established by spotting 
serial dilutions of the appropriate stock solution. 


Aliquots of 10 and 20 pl(100 and 200 pg) of the tablet extract in chlo- 
roform for each formulation were spotted beside 10- and 2 0 4  (100- and 
200-pg) aliquots of the appropriate standard solution. Plates were de- 
veloped, and the compounds were visualized using UV light a t  254 nm 
and subsequently spraying with 0.5% (w/v) potassium dichromate in 20% 
(v/v) sulfuric acid. The concentration of impurities was approximated 
by comparison of the spot diameters and intensities with the corre- 
sponding spots due to the standard solutions. 


Isolation of Impurities-A tablet extract containing 40 mg of drug 
as the hydrochloride in 1.0 ml of chloroform was applied in a narrow band 
to a 0.25-mm TLC plate, 20 X 20 cm, and developed in the appropriate 
solvent system. Four such plates were prepared. Impurities were visu- 
alized by UV light at 254 nm and by spraying a 1-cm band along each side 
of the plate with 0.5% (w/v) potassium dichromate in 20% (v/v) sulfuric 
acid. 


To reduce the possibility of decomposition during manipulation, the 
impurities were converted to the more stable hydrochloride form by 
spraying lightly with ethanolic hydrochloric acid, and the bands were 
scraped from the TLC plates. The scrapings were stirred with 25 ml of 
absolute ethanol for 60 min and then filtered, and the ethanol solution 
was evaporated to dryness on a rotary evaporator at room temperature. 
The purity of the isolated compounds was checked by TLC and GLC. 


Samples of impurities for mass spectral analysis were isolated by GLC 
using a column of 5% OV-25 on 100-120-mesh Chromosorb W (HP). The 
injection port, detector block, and column temperatures were 250,250, 
and 240°, respectively. The flow rates of nitrogen, hydrogen, and air were 
40,50, and 400 mllmin, respectively. Approximately 50 pg of drug from 
the TLC plate extract was injected into the chromatographic column. 


Fractions were collected in dry ice-cooled capillary tubes held over the 
flame tip of the chromatograph. The hydrogen flame was extinguished 
just prior to elution of the required fraction and reignited after collection 
to burn off material.condensed on the flame tip. TLC showed that each 
fraction consisted of a single component, was free from decomposition 
products, and was identical to the material originally removed from the 
TLC plate. 
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Synthesis-Dimethylaminopropyl chloride was obtained from its 
hydrochloride salt by triturating 16.0 g of the latter with 8.0 g of flaked 
sodium hydroxide (5). The free amine was decanted from the solid phase 
and distilled at 124-128'/160 mm Hg through a 5-cm vigreaux col- 
umn. 


Compound I was prepared by refluxing a mixture of 7.5 g of freshly 
distilled dimethylaminopropyl chloride and 0.83 g of desipramine (11) 
in 20.0 ml of dry acetone for 18 hr (Scheme I). The acetone and excess 
dimethylaminopropyl chloride were removed on a rotary evaporator. The 
residue was taken up in 10 ml of 0.1 N hydrochloric acid, washed twice 
with 50 ml of ether, made basic with 1.0 ml of concentrated ammonium 
hydroxide, and extracted with two 50-ml portions of chloroform. The 
chloroform was removed on a rotary evaporator a t  room temperature, 
and ethanolic hydrogen bromide was added to the residue. The resulting 
salt was crystallized by the addition of ether and dried at 56'/1 mm Hg. 
The crystalline melting point5 was 218-221" (uncorrected). 


And-Calc. for C23H33Nr2HBr: C, 53.81; H, 6.87; N, 8.19. Found: C, 
53.95; H, 6.97; N, 8.05. 


The PMR6 spectrum (1% in deuterochloroform, 40") exhibited dis- 
tinctive signals downfield from trimethylsilane at  131 Hz due to the 
three-proton N-methyl singlet and at 138 Hz due to the six-proton 
N,N-dimethyl singlet, but the signal at 73.5 Hz due to the NH proton in 
desipramine was not observed. The mass spectrum7 was obtained by 
direct probe in the electron-impact mode at  70 ev and 160". Attempts 
to prepare the crystalline hydrochloride salt were unsuccessful. 
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Scheme I1 


RESULTS AND DISCUSSION 


A single chloroform extraction was sufficient for complete removal of 
imipramine and desipramine from aqueous tablet powder mixtures. No 


5 Thomas-Hoover capillary melting-point apparatus. 
6 Varian A-60A NMR spectrometer. 
7 Hitachi Perkin-Elmer RMU 6L mass spectrometer. 
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drug was found in the chloroform fraction following a second extraction 
of the aqueous tablet powder mixture. In addition, the diameters and 
intensities of the TLC spots from tablet extracts were identical to those 
from standard solutions of the hydrochlorides a t  corresponding con- 
centrations. No degradation of the drug or its impurities was observed 
when the free bases were applied at  0.5-hr intervals over 3 hr. The TLC 
solvent system was chosen to maximize separation of the impurities. The 
toluene-methanol (955) system described in BP 1973 (2) is adequate only 
for iminodibenzyl. 


The identity of iminodibenzyl, imipramine, and desipramine found 
in tablet formulations was established by comparison of the TLC R,  
values, GLC retention times, and mass spectral fragmentation patterns 
with those of known samples. Tablet impurities for GLC were recovered 
from TLC plates, and GLC eluates were collected for mass spectrometry 
and TLC, as previously described. The purity of the standard compounds 
was authenticated by subjecting them to the TLC, GLC, and mass 
spectral treatment. 


The structure postulated for I is in agreement with the elemental 
analysis and the PMR spectrum. It is further supported by the mass 
spectral results, which conformed to the fragmentation scheme presented 


1. C1COzC,H6 
2. KOH 111 - I1 


Scheme 111 
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Table 11-Impurities in Imipramine Tablets 


Dose, 
Brand me 


Impurities”, % 
Iminodibenzyl Desipramine I Other 


~ 


A 


B 


C 


D 


E 


F 


G 


10 
25 
10 
25 
50 
10 
25 
50 
75 


150 
25 
50 
10 
25 
50 
10 
25 
10 
25 


0.2 
0.05 
0.1 
0.2 
0.2 
0.2 
0.05 
0.05 
0.1 
0.2 
ND 
0.1 
0.1 
ND 
0.1 
0.1 
0.1 
0.1 
0.1 


0.3 
0.1 
0.1 
0.1 
0.2 
0.2 
0.05 
0.1 
0.1 
0.1 
0.1 
0.25 
0.2 
0.2 
0.15 
0.2 
0.2 
0.3 
0.3 


0.25 
0.10 
0.05 
0.1 
0.2 
0.1 
0.05 
0.1 
0.1 
ND 
0.05 
ND 
ND 
ND 
ND 
0.2 
0.2 
0.1 
0.3 


NDb 
ND 
Ri0.15; Trc 
R 0.15; Tr 


Tr 


d D  


d D  


d D  


Rf 0.30; 0.3% 
R 0.30;Tr 


ND 
ND 


R 0.30;0.2% 


ND 


Rj 0.30; 0.3% 


ND 
ND 
ND 


a Expressed as percentage of the label claim of drug in the free base form. b None detected. Trace. 


in Scheme 11. Detectability limits and Rj values by TLC and retention 
times by GLC for imipramine, desipramine, iminodibenzyl, and I are 
given in Table I. 


Nineteen lots of imipramine tablets from seven manufacturers were 
tested for impurities (Table 11). All lots contained desipramine at  levels 
from 0.1 to 0.3%, and all but two contained iminodibenzyl a t  levels from 
0.05 to 0.2%. Compound I was found in 14 lots in amounts to 0.3%. The 
occurrence of desipramine (11) and I in imipramine (111) formulations 
may be due to the presence of monomethylaminopropyl chloride in the 
dimethylaminopropyl chloride used as a starting material in at least one 
synthetic process (6) (Scheme I). Iminodibenzyl (IV) is used as a starting 
material, but its presence may also result from decomposition of the drug 
(7). 


An impurity a t  Rf 0.30 was observed in five lots a t  levels from trace to 
0.3%, on the basis of the sensitivity established for imipramine. This 
impurity may be the 10-hydroxy analog of imipramine suggested by 
Adank and Hammerschmidt (7), but attempts to isolate and identify the 
compound were unsuccessful. Trace amounts of an impurity a t  Rf 0.15 
were observed in two lots, but no attempt a t  isolation and identification 
was made. 


Each of four lots of two brands of desipramine contained iminodi- 
benzyl, and three of the four contained imipramine, all a t  levels below 
0.15% (Table 111). Iminodibenzyl is a synthetic precursor (8) (Scheme 


Table 111-Impurities in Desipramine Tablets 


Dose, Impurities”, % 
Brand me Iminodi benzyl Imipramine 


A 10 
A 25 
A 50 
B 25 


0.15 
0.15 
0.15 
0.1 


0.15 
0.15 
0.15, 
ND 


-~ 


0 Expressed as a percentage of the label claim of drug in the free base form. None 
detected. 


111) and may also result from breakdown of the drug (9); the source of 
imipramine may be due to the residual material remaining if imipramine 
is demethylated oia the chloroformate ester to produce desipramine (10). 
The level of iminodibenzyl in all formulations tested was below the limit 
of 0.3% specified for tablets in BP 1973, even though some formulations 
were manufactured to specifications other than those of the BP. 
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BOOKS 


REVIEWS 


Amino-Acids, Peptides, and Proteins, Vol. 8. A Specialist Periodical 
Report. Edited by R. C. SHEPPARD. The Chemical Society, Bur- 
lington House, London W1V OBN, England, 1976.504 pp. 16 X 24 cm. 
Price $56.00. Available from Special Issue Sales, American Chemical 
Society, 1155 Sixteenth St., N.W., Washington, DC 20036. 
This eighth volume of the continuing series on amino acids, peptides, 


and proteins covers the literature published in 1975. Like the previous 
volumes, it is of great help to all of us whose interests lie in peptide and 
protein chemistry. 


The areas reviewed are: amino acids, including their synthesis and 
resolution; structural investigations of peptides and proteins, which 
covers protein isolation, characterization, chemical modification, se- 
quence methodologies, and X-ray studies; peptide synthesis; peptides 
with structural features not typical of proteins; and a very welcome 
chapter on chemical structure and biological activity of hormones and 
related compounds. Included in the pertinent chapters are tabulations 
of primary structures published during 1975 as well as lists of syntheses 
achieved and of useful amino acid derivatives for peptide synthesis. 


Overall, this volume maintains the very high standards we have been 
accustomed to in this series of Specialist Reports. 


Reviewed by Brian J. Johnson 
Department of Microbiology 
University of Alabama Medical School 
Birmingham, AL 35294 


Contemporary Liquid Chromatography. By R. P. W. SCOTT. Wiley, 
605 Third Ave., New York, NY 10016,1976.326 pp. 16 X 24 cm. Price 
$21.50. 
The outstanding feature of this new book on liquid chromatography 


is the inordinate number of typographical errors. Errors in syntax and 
awkward terminology also abound. It is apparent that an editorial va- 
cancy occurred during the production of this latest volume in the Tech- 
niques in Chemistry series. Hopefully this lapse can be avoided in future 
volumes. 


There is definitely a need for a comprehensive book on modern chro- 
matographic (gas as well as liquid) techniques. The present volume, which 
purports to cover liquid chromatography, falls far short of what is needed, 
primarily due to errors of omission and emphasis. There is, by intention, 
no coverage of thin layer chromatography, size exclusion chromatography, 
or affinity chromatography, thus abrogating coverage of a t  least 50% of 
“contemporary liquid chromatography.” The author avoids meaningful 
discussion of applications to prevent the book from becoming dated. 
Unfortunately, this tactical maneuver leaves little to offer the practicing 
chromatographer. It would have clearly been better to discuss theoretical 
developments and instrumentation in the context of practical problem 
solving. Although a major portion of the book is devoted to theory, the 
theory presented is not adequately developed from first principles to 
interest the serious student, nor is it adequately explained to afford 
benefit to the casual applications-minded reader. 


Approximately one-third of the book is devoted to instrumentation, 
and in these sections Scott is far more successful. The difficulty here is 
that the material is either out of date or has been adequately covered (at 
this survey level) in other recent texts. The author often fails to make 
value judgements about equipment options, but when an opinion is 
ventured, I find myself in disagreement. The statement that “it has ob- 
viously been established that LC/MS will be a common technique in the 
future” is typical of a number of shortsighted comments which cannot 
be substantiated. 


The chapter devoted to Stationary and Mobile Phases for Liquid 
Chromatography suffers in the same manner as the reat of the volume. 
There is nothing new, there are unbelievable errors of omission (ion ex- 
change is “not within the scope of this book”), and important recent 


developments have been given short shift (e.g., the application of 
chemically bonded microparticle stationary phase materials). 


As a whole, this book does not do justice to the excellent reputation 
of its author. Nevertheless, I am pleased to own a copy because there are 
many good individual sections and it is always useful to get a different 
perspective. I cannot recommend this volume for the beginner. 


Revieuled by Peter T. Kissinger 
Department of Chemistry 
Purdue University 
West Lafayette, IN 47907 


Colorimetric and Fluorimetric Analysis of Steroids. By J. BARTOS 
and M. PESEZ. Academic (London), 24-28 Oval Rd., London, NW1 
7DX, England, 1976. vii + 274 pp. 15.5 X 23.5 cm. Price $21.50. 
Analytical methodology for steroids is important since these com- 


pounds are usually found at  low concentrations not only in dosage forms 
but also in biological samples. There is an extensive literature regarding 
spectrophotometric analysis of steroids, while literature involving fluo- 
rometric methods is scant and many of the procedures are nonspecific. 
The authors of this book have successfully compiled a volume detailing 
many colorimetric and fluorometric procedures for those natural or 
synthetic steroids of physiological interest. 


The methods reported are quantitative rather than qualitative, and 
only those based on chemical reactions that yield a color or fluorescence 
in solution are discussed. Many of‘the procedures were tested in the au- 
thors’ laboratory and even modified when an improvement could be 
made. This testing provided a selection procedure for inclusion in the 
book, where several methods based on the reaction and reagents were 
found in the literature. 


After general chapters on steroid nomenclature, functional group 
analysis of steroids, and halochroniism and halofluorism reactions, there 
are specific sections dealing with sterols and vitamin D, bile acids, es- 
trogens, gestogens, androgens, corticosteroids, contraceptive progesto- 
gens, cardiac glycosides, steroid saponins and sapogenins, and steroid 
alkaloids. Included in each chapter are general colorimetric and fluoro- 
metric procedures for the particular class of steroid. These are usually 
followed by specific methodology for the more important compounds in 
that class. 


The book is well written and undoubtedly will be useful to pharma- 
ceutical scientists involved in steroid research. It should be purchased 
for inclusion in a university science library collection. It is not recom- 
mended for use as a pharmacy course textbook since it is a compilation 
of analytical methodology. Whether or not it is included in a school of 
pharmacy library will depend upon the research interests of the staff since 
most undergraduates will not benefit from the volume. 


Reviewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, GA 30602 


Progress in Drug Metabolism. Vol. 1. Edited by J. W. BRIDGES and 
L. F. CHASSEAUD. Wiley, 605 Third Ave., New York, NY 10016, 
1976.286 pp. 15 X 25 cm. 


This first volume of a new review series contains five chapters: Newer 
Developments in the Mass Spectrometry of Drugs and Metabolites by 
B. J. Millard, Bioactivation and Cytotoxicity by T. A. Connors, The Role 
of Epoxides in Bioactivation and C!arcinogenesis by R. C. Garner, Clinical 
Aspects of Microsomal Enzyme Induction by J. 0. Hunter and L. F. 
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Chasseaud, and Drug-Serum Protein Interactions and Their Biological 
Significance by J. W. Bridges and A. G. E. Wilson. 


This volume is English in origin and evidently was planned to serve 
in conjunction with the Chemical Society’s series “Foreign Compound 
Metabolism in Mammals.” According to D. V. Parke’s foreword, “Prog- 
ress in Drug Metabolism” will review advances in the general funda- 
mentals of drug metabolism, reactions, phenomena, techniques, etc., 
while “Foreign Compound Metabolism in Mammals” will deal with the 
metabolic fate of individual chemicals. Presumably, this philosophy will 
continue to be observed in future volumes of this series. 


Four of these five reviews are on topics that have been extensively and 
repeatedly reviewed in the past several years (Bioactivation and Cyto- 
toxicity is the exception). Mass spectrometry, epoxidation, enzyme in- 
duction, and serum protein binding are all, of course, topics of continuing 
and intense interest in the area of drug metabolism, but progress is never 
sufficiently rapid to permit completely original reviews every 2 years or 
so. Most of the content of these reviews, therefore, has been covered re- 
cently. Three of the reviews, as originally written, had 1974 as their last 
reference dates, although one of these contained 1975 references in a note 
added in proof. The other two reviews, which have the editors of the 
volume among their authors, have 1975 references (and one reference to 
a 1976 paper of the authors in press). This first volume of “Progress in 
Drug Metabolism” was evidently a long time a-borning. 


The reviews are uniformly well written, quite readable, and contain 
some interesting insights. Those who are relatively unfamiliar with the 
subject matter would do well to read these reviews in preference to other 
almost as recent reviews of the same topics. The rest of us could profit 
by rereading for fresh insight on these subjects. I’m glad I did. Libraries 
will certainly need to collect this series. Perhaps what’s really needed is 
a series of short monographs which provide an annual drug metabo- 
lism-centered update. 


The content of the review on plasma protein binding of drugs is espe- 
cially interesting when it indicates that there is still a dearth of funda- 
mental understanding of this area. Bridges and Wilson find it necessary 
to correct many of the same misconceptions that Goldstein was correcting 
in 1949. Perhaps there can’t be too many reviews on topics of central 
importance to drug metabolism and pharmacokinetics. 


Reviewed by Morris Pfeffer 
Bristol Laboratories 
Syracuse, NY 13201 


Lehrbuch der Pharmazeutischen Chemie, 8th Ed. By HARRY AU- 
TERHOFF and JOACHIM KNABE. Wissenschaftliche Verlags- 
gesellschaft m.b.H., 7 Stuttgart 1, Postfach 40, W. Germany, 1976.591 
pp. 17 X 25 cm. Price $25.00 (62 DM). 
This review was undertaken on the assumption that my colleagues 


might find it of interest to know what is available to teachers of medicinal 
chemistrylpharmaceutical chemistry in German-speaking countries. 


This book by Auterhoff (who is a professor a t  Tdbingen University) 
and Knabe is in its eighth edition since 1962 and thus has had ample 
opportunity for frequent updating. However, despite occasional lapses 
into modernity, such as a brief discussion of prostaglandins (p. 177) and 
a mention of cyclic AMP (p. 487), it is basically an old-fashioned text- 
book. 


There are several positive points. The first 99 pages, the so-called in- 
organic part, is a good review for the student. Beginning with nomen- 
clature and going through the seven groups of the periodic system (each 
as a chapter), a mini subtext of inorganic pharmaceutical chemistry is 
presented. This section is not truly inorganic because organometallic 
drugs are discussed (e.g., bismuth subgallate and tartar emetic), as are 
organic analytical reagents such as rhodamine B because of its use for 
the analysis of antimony compounds. 


The second part of the book (the remainder) is much more organic than 
current American texts because it mixes more organic with the medicinal 
chemistry. Not only syntheses (which are certainly not excessive) but also 
some refresher material such as nomenclature, ring systems, funda- 
mentals of physical methods (spectroscopy), and organic reactions, in- 
cluding aromatic substitution rules, are given. A little biochemistry is also 
reviewed, e.g., the stereochemistry of amino and fatty acids and coenzyme 
A. The division of this section is very reminiscent of the older editions 


of Olsen’s and Gisvold’s “Textbook of Organic Medicinal and Pharma- 
ceutical Chemistry” in that it contains chapters on olefins, alcohols, ke- 
tones, etc., followed by chapters based on therapeutics. There is a sepa- 
rate chapter on hormones, vitamins, and enzymes and one on ADME, 
which curiously is at  the end of the book rather than with the introductory 
chapters. There are some references, and the index appears adequate. 
The American reader will encounter unfamiliar trade names (e.g., En- 
doxan for cyclophosphamide) and unfamiliar variants of familiar drugs 
[ e.g., flucloxacillin (floxacillin), where fluorine replaces one chlorine in 
dicloxacillin 1. 


The grave shortcoming of the book, however, is the almost total absence 
of discussions of drug action mechanisms. A newcomer to the field, say 
one conversant with organic and some biochemistry, after studying the 
text, would still not really know what drugs are-in the modern sense. 
There are occasional brief, almost meaningless statements such as: 
“polymixin raises the permeability of the cell membrane,” or, regarding 
penicillin, “it is the building of cell wall construction material, murein, 
which is inhibited,” with no further explanation or discussion. Rather 
than discovering that asparagus contains 1.2 mg of folic acid/100 g, I 
would have preferred to see a discussion devoted to dihydrofolic acid 
reductase inhibition mechanisms of antimalarials, methotrexate, or 
sulfonamide action. In the chapter on sympathomimetics, there is a 
statement on receptors but no real explanation-not a word on struc- 
ture-activity relationships. Because of this glaring shortcoming, I feel 
this book is not suitable for the modern pharmaceutical curriculum. 


Reviewed by Alex Gringauz 
Arnold and Marie Schwartz College of 


Long Island University 
Brooklyn, N Y  11201 


Pharmacy and Health Sciences 


Interactions of Drugs of Abuse. Annals of the New York Academy 
of Sciences, Vol. 281. Edited by ELLIOT S. VESELL and MONIQUE 
C. BRAUDE. The New York Academy of Sciences, 2 East 63rd St., 
New York, NY 10021,1976.489 pp. 15 X 23 cm. 
This book contains the proceedings of the first Conference on Inter- 


actions of Drugs of Abuse held in New York, March 9-11,1976, at the 
New York Academy of Sciences. This conference was rather timely since 
there is an ever-increasing polydrug use throughout the United States 
and the world. 


The subject matter of the conference was divided into two parts: ( a )  
general information concerning the molecular, cellular, and clinical as- 
pects of drug interaction; and ( b )  the major thrust of the conference, 
determination of the interaction of specific drugs and drug classes in- 
cluding marijuana, narcotics and narcotic antagonists, CNS depressants, 
CNS stimulants, and hallucinogens. Although extensive effort was made 
to define all the potential ramifications of drug interactions, it is quite 
obvious that only the surface has been scratched. In discussing molecular, 
cellular, and clinical aspects of drug interaction, one could devote several 
volumes to describing results of experiments designed to study such in- 
teractions. Likewise, specific drug interactions could be the subject of 
a tremendous amount of research effort. In general, this book is well 
written and the data are presented in an organized fashion. 


This conference has opened up a new area of research which will be 
explored vigorously in the next several years. Because our society is prone 
to polydrug use, the importance of drug interaction research becomes 
paramount not only for drugs of abuse but for all drugs in general. 


Reviewed by R. Duane Sofia 
Wallace Laboratories 
Cranbury, NJ 08512 


NOTICES 


Venous Thrornboernbolisrn. Prevention and Treatment. Edited by 
JOHN L. MADDEN and MICHAEL HUME. Appleton-Century- 
Crofts, 292 Madison Ave., New York, NY 10017,1976.240 pp. 15 X 23 
cm. 
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Amino-Acids, Peptides, and Proteins, Vol. 8. A Specialist Periodical 
Report. Edited by R. C. SHEPPARD. The Chemical Society, Bur- 
lington House, London W1V OBN, England, 1976.504 pp. 16 X 24 cm. 
Price $56.00. Available from Special Issue Sales, American Chemical 
Society, 1155 Sixteenth St., N.W., Washington, DC 20036. 
This eighth volume of the continuing series on amino acids, peptides, 


and proteins covers the literature published in 1975. Like the previous 
volumes, it is of great help to all of us whose interests lie in peptide and 
protein chemistry. 


The areas reviewed are: amino acids, including their synthesis and 
resolution; structural investigations of peptides and proteins, which 
covers protein isolation, characterization, chemical modification, se- 
quence methodologies, and X-ray studies; peptide synthesis; peptides 
with structural features not typical of proteins; and a very welcome 
chapter on chemical structure and biological activity of hormones and 
related compounds. Included in the pertinent chapters are tabulations 
of primary structures published during 1975 as well as lists of syntheses 
achieved and of useful amino acid derivatives for peptide synthesis. 


Overall, this volume maintains the very high standards we have been 
accustomed to in this series of Specialist Reports. 


Reviewed by Brian J. Johnson 
Department of Microbiology 
University of Alabama Medical School 
Birmingham, AL 35294 


Contemporary Liquid Chromatography. By R. P. W. SCOTT. Wiley, 
605 Third Ave., New York, NY 10016,1976.326 pp. 16 X 24 cm. Price 
$21.50. 
The outstanding feature of this new book on liquid chromatography 


is the inordinate number of typographical errors. Errors in syntax and 
awkward terminology also abound. It is apparent that an editorial va- 
cancy occurred during the production of this latest volume in the Tech- 
niques in Chemistry series. Hopefully this lapse can be avoided in future 
volumes. 


There is definitely a need for a comprehensive book on modern chro- 
matographic (gas as well as liquid) techniques. The present volume, which 
purports to cover liquid chromatography, falls far short of what is needed, 
primarily due to errors of omission and emphasis. There is, by intention, 
no coverage of thin layer chromatography, size exclusion chromatography, 
or affinity chromatography, thus abrogating coverage of a t  least 50% of 
“contemporary liquid chromatography.” The author avoids meaningful 
discussion of applications to prevent the book from becoming dated. 
Unfortunately, this tactical maneuver leaves little to offer the practicing 
chromatographer. It would have clearly been better to discuss theoretical 
developments and instrumentation in the context of practical problem 
solving. Although a major portion of the book is devoted to theory, the 
theory presented is not adequately developed from first principles to 
interest the serious student, nor is it adequately explained to afford 
benefit to the casual applications-minded reader. 


Approximately one-third of the book is devoted to instrumentation, 
and in these sections Scott is far more successful. The difficulty here is 
that the material is either out of date or has been adequately covered (at 
this survey level) in other recent texts. The author often fails to make 
value judgements about equipment options, but when an opinion is 
ventured, I find myself in disagreement. The statement that “it has ob- 
viously been established that LC/MS will be a common technique in the 
future” is typical of a number of shortsighted comments which cannot 
be substantiated. 


The chapter devoted to Stationary and Mobile Phases for Liquid 
Chromatography suffers in the same manner as the reat of the volume. 
There is nothing new, there are unbelievable errors of omission (ion ex- 
change is “not within the scope of this book”), and important recent 


developments have been given short shift (e.g., the application of 
chemically bonded microparticle stationary phase materials). 


As a whole, this book does not do justice to the excellent reputation 
of its author. Nevertheless, I am pleased to own a copy because there are 
many good individual sections and it is always useful to get a different 
perspective. I cannot recommend this volume for the beginner. 


Revieuled by Peter T. Kissinger 
Department of Chemistry 
Purdue University 
West Lafayette, IN 47907 


Colorimetric and Fluorimetric Analysis of Steroids. By J. BARTOS 
and M. PESEZ. Academic (London), 24-28 Oval Rd., London, NW1 
7DX, England, 1976. vii + 274 pp. 15.5 X 23.5 cm. Price $21.50. 
Analytical methodology for steroids is important since these com- 


pounds are usually found at  low concentrations not only in dosage forms 
but also in biological samples. There is an extensive literature regarding 
spectrophotometric analysis of steroids, while literature involving fluo- 
rometric methods is scant and many of the procedures are nonspecific. 
The authors of this book have successfully compiled a volume detailing 
many colorimetric and fluorometric procedures for those natural or 
synthetic steroids of physiological interest. 


The methods reported are quantitative rather than qualitative, and 
only those based on chemical reactions that yield a color or fluorescence 
in solution are discussed. Many of‘the procedures were tested in the au- 
thors’ laboratory and even modified when an improvement could be 
made. This testing provided a selection procedure for inclusion in the 
book, where several methods based on the reaction and reagents were 
found in the literature. 


After general chapters on steroid nomenclature, functional group 
analysis of steroids, and halochroniism and halofluorism reactions, there 
are specific sections dealing with sterols and vitamin D, bile acids, es- 
trogens, gestogens, androgens, corticosteroids, contraceptive progesto- 
gens, cardiac glycosides, steroid saponins and sapogenins, and steroid 
alkaloids. Included in each chapter are general colorimetric and fluoro- 
metric procedures for the particular class of steroid. These are usually 
followed by specific methodology for the more important compounds in 
that class. 


The book is well written and undoubtedly will be useful to pharma- 
ceutical scientists involved in steroid research. It should be purchased 
for inclusion in a university science library collection. It is not recom- 
mended for use as a pharmacy course textbook since it is a compilation 
of analytical methodology. Whether or not it is included in a school of 
pharmacy library will depend upon the research interests of the staff since 
most undergraduates will not benefit from the volume. 


Reviewed by James T. Stewart 
School of Pharmacy 
University of Georgia 
Athens, GA 30602 


Progress in Drug Metabolism. Vol. 1. Edited by J. W. BRIDGES and 
L. F. CHASSEAUD. Wiley, 605 Third Ave., New York, NY 10016, 
1976.286 pp. 15 X 25 cm. 


This first volume of a new review series contains five chapters: Newer 
Developments in the Mass Spectrometry of Drugs and Metabolites by 
B. J. Millard, Bioactivation and Cytotoxicity by T. A. Connors, The Role 
of Epoxides in Bioactivation and C!arcinogenesis by R. C. Garner, Clinical 
Aspects of Microsomal Enzyme Induction by J. 0. Hunter and L. F. 
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Chasseaud, and Drug-Serum Protein Interactions and Their Biological 
Significance by J. W. Bridges and A. G. E. Wilson. 


This volume is English in origin and evidently was planned to serve 
in conjunction with the Chemical Society’s series “Foreign Compound 
Metabolism in Mammals.” According to D. V. Parke’s foreword, “Prog- 
ress in Drug Metabolism” will review advances in the general funda- 
mentals of drug metabolism, reactions, phenomena, techniques, etc., 
while “Foreign Compound Metabolism in Mammals” will deal with the 
metabolic fate of individual chemicals. Presumably, this philosophy will 
continue to be observed in future volumes of this series. 


Four of these five reviews are on topics that have been extensively and 
repeatedly reviewed in the past several years (Bioactivation and Cyto- 
toxicity is the exception). Mass spectrometry, epoxidation, enzyme in- 
duction, and serum protein binding are all, of course, topics of continuing 
and intense interest in the area of drug metabolism, but progress is never 
sufficiently rapid to permit completely original reviews every 2 years or 
so. Most of the content of these reviews, therefore, has been covered re- 
cently. Three of the reviews, as originally written, had 1974 as their last 
reference dates, although one of these contained 1975 references in a note 
added in proof. The other two reviews, which have the editors of the 
volume among their authors, have 1975 references (and one reference to 
a 1976 paper of the authors in press). This first volume of “Progress in 
Drug Metabolism” was evidently a long time a-borning. 


The reviews are uniformly well written, quite readable, and contain 
some interesting insights. Those who are relatively unfamiliar with the 
subject matter would do well to read these reviews in preference to other 
almost as recent reviews of the same topics. The rest of us could profit 
by rereading for fresh insight on these subjects. I’m glad I did. Libraries 
will certainly need to collect this series. Perhaps what’s really needed is 
a series of short monographs which provide an annual drug metabo- 
lism-centered update. 


The content of the review on plasma protein binding of drugs is espe- 
cially interesting when it indicates that there is still a dearth of funda- 
mental understanding of this area. Bridges and Wilson find it necessary 
to correct many of the same misconceptions that Goldstein was correcting 
in 1949. Perhaps there can’t be too many reviews on topics of central 
importance to drug metabolism and pharmacokinetics. 


Reviewed by Morris Pfeffer 
Bristol Laboratories 
Syracuse, NY 13201 


Lehrbuch der Pharmazeutischen Chemie, 8th Ed. By HARRY AU- 
TERHOFF and JOACHIM KNABE. Wissenschaftliche Verlags- 
gesellschaft m.b.H., 7 Stuttgart 1, Postfach 40, W. Germany, 1976.591 
pp. 17 X 25 cm. Price $25.00 (62 DM). 
This review was undertaken on the assumption that my colleagues 


might find it of interest to know what is available to teachers of medicinal 
chemistrylpharmaceutical chemistry in German-speaking countries. 


This book by Auterhoff (who is a professor a t  Tdbingen University) 
and Knabe is in its eighth edition since 1962 and thus has had ample 
opportunity for frequent updating. However, despite occasional lapses 
into modernity, such as a brief discussion of prostaglandins (p. 177) and 
a mention of cyclic AMP (p. 487), it is basically an old-fashioned text- 
book. 


There are several positive points. The first 99 pages, the so-called in- 
organic part, is a good review for the student. Beginning with nomen- 
clature and going through the seven groups of the periodic system (each 
as a chapter), a mini subtext of inorganic pharmaceutical chemistry is 
presented. This section is not truly inorganic because organometallic 
drugs are discussed (e.g., bismuth subgallate and tartar emetic), as are 
organic analytical reagents such as rhodamine B because of its use for 
the analysis of antimony compounds. 


The second part of the book (the remainder) is much more organic than 
current American texts because it mixes more organic with the medicinal 
chemistry. Not only syntheses (which are certainly not excessive) but also 
some refresher material such as nomenclature, ring systems, funda- 
mentals of physical methods (spectroscopy), and organic reactions, in- 
cluding aromatic substitution rules, are given. A little biochemistry is also 
reviewed, e.g., the stereochemistry of amino and fatty acids and coenzyme 
A. The division of this section is very reminiscent of the older editions 


of Olsen’s and Gisvold’s “Textbook of Organic Medicinal and Pharma- 
ceutical Chemistry” in that it contains chapters on olefins, alcohols, ke- 
tones, etc., followed by chapters based on therapeutics. There is a sepa- 
rate chapter on hormones, vitamins, and enzymes and one on ADME, 
which curiously is at  the end of the book rather than with the introductory 
chapters. There are some references, and the index appears adequate. 
The American reader will encounter unfamiliar trade names (e.g., En- 
doxan for cyclophosphamide) and unfamiliar variants of familiar drugs 
[ e.g., flucloxacillin (floxacillin), where fluorine replaces one chlorine in 
dicloxacillin 1. 


The grave shortcoming of the book, however, is the almost total absence 
of discussions of drug action mechanisms. A newcomer to the field, say 
one conversant with organic and some biochemistry, after studying the 
text, would still not really know what drugs are-in the modern sense. 
There are occasional brief, almost meaningless statements such as: 
“polymixin raises the permeability of the cell membrane,” or, regarding 
penicillin, “it is the building of cell wall construction material, murein, 
which is inhibited,” with no further explanation or discussion. Rather 
than discovering that asparagus contains 1.2 mg of folic acid/100 g, I 
would have preferred to see a discussion devoted to dihydrofolic acid 
reductase inhibition mechanisms of antimalarials, methotrexate, or 
sulfonamide action. In the chapter on sympathomimetics, there is a 
statement on receptors but no real explanation-not a word on struc- 
ture-activity relationships. Because of this glaring shortcoming, I feel 
this book is not suitable for the modern pharmaceutical curriculum. 


Reviewed by Alex Gringauz 
Arnold and Marie Schwartz College of 


Long Island University 
Brooklyn, N Y  11201 


Pharmacy and Health Sciences 


Interactions of Drugs of Abuse. Annals of the New York Academy 
of Sciences, Vol. 281. Edited by ELLIOT S. VESELL and MONIQUE 
C. BRAUDE. The New York Academy of Sciences, 2 East 63rd St., 
New York, NY 10021,1976.489 pp. 15 X 23 cm. 
This book contains the proceedings of the first Conference on Inter- 


actions of Drugs of Abuse held in New York, March 9-11,1976, at the 
New York Academy of Sciences. This conference was rather timely since 
there is an ever-increasing polydrug use throughout the United States 
and the world. 


The subject matter of the conference was divided into two parts: ( a )  
general information concerning the molecular, cellular, and clinical as- 
pects of drug interaction; and ( b )  the major thrust of the conference, 
determination of the interaction of specific drugs and drug classes in- 
cluding marijuana, narcotics and narcotic antagonists, CNS depressants, 
CNS stimulants, and hallucinogens. Although extensive effort was made 
to define all the potential ramifications of drug interactions, it is quite 
obvious that only the surface has been scratched. In discussing molecular, 
cellular, and clinical aspects of drug interaction, one could devote several 
volumes to describing results of experiments designed to study such in- 
teractions. Likewise, specific drug interactions could be the subject of 
a tremendous amount of research effort. In general, this book is well 
written and the data are presented in an organized fashion. 


This conference has opened up a new area of research which will be 
explored vigorously in the next several years. Because our society is prone 
to polydrug use, the importance of drug interaction research becomes 
paramount not only for drugs of abuse but for all drugs in general. 


Reviewed by R. Duane Sofia 
Wallace Laboratories 
Cranbury, NJ 08512 


NOTICES 


Venous Thrornboernbolisrn. Prevention and Treatment. Edited by 
JOHN L. MADDEN and MICHAEL HUME. Appleton-Century- 
Crofts, 292 Madison Ave., New York, NY 10017,1976.240 pp. 15 X 23 
cm. 
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Spironolactone: Relationship between Concentrations of 
Dethioacetylated Metabolite in Human Serum and Milk 


DALE L. PHELPS * and AZIZ KARIM tx 


Abstract The concentration of canrenone, a principal metabolite of 
spironolactone, was determined in human serum and milk. The milk to 
serum concentration ratios of this metabolite were 0.72 a t  2 hr and 0.51 
a t  14.5 hr after ingestion of spironolactone. I t  was estimated that the 
maximum quantity of canrenone ingested daily by a human infant via 
its mother’s milk would be approximately 0.2% of the daily dose of spi- 
ronolactone given to the mother. 


Keyphrases Spironolactone metabolite-canrenone, human milk to 
serum Concentration ratio Canrenone-human milk to serum con- 
centration ratio 0 Aldosterone antagonists-canrenone, human milk to 
serum concentration ratio 


Excretion of drugs and/or their biologically active me- 
tabolites in human milk in amounts sufficient to elicit 
pharmacological responses in the nursing infant is a po- 
tential risk associated with numerous drugs (1). High lipid 
solubility, nonionization at  blood pH, and low binding to 
plasma proteins are some factors that favor drug transfer 
from blood to milk. Several reviews (2-4) documented 
excretion of various classes of drug molecules in human 
milk; however, for spironolactonel, no information is 
available regarding milk excretion of either the unchanged 
drug or its metabolites. 


Previous studies showed that spironolactone is rapidly 
and extensively metabolized in humans. The unchanged 
drug has not been detected in the urine (5-8). The prin- 
cipal metabolite in the blood is the dethioacetylated de- 
rivative, canrenone2, which is extensively (98%) bound to 
plasma proteins and has a log-linear phase half-life of 
about 17 hr (8). Recently, the single oral dose of canrenone 
was reported to have about one-third the activity of spi- 
ronolactone in inhibiting the action of fludrocortisone on 
electrolyte elimination in humans (9). This paper reports 
findings on the relationship between the concentration of 
canrenone in human serum and milk. 


EXPERIMENTAL 


A 28-year-old primagravida Caucasian patient with documented pri- 
mary hyperaldosteronism took 25 mg of spironolactone twice a day until 
the spontaneous onset of labor at  37 weeks gestation, resulting in the 
normal delivery of a healthy female infant (2.69 kg). Breast feeding was 
permitted, and the infant’s serum electrolytes were monitored. Seventeen 
days after birth, the mother’s blood and expressed breast milk specimens 
were taken in the morning, 14.5 hr after her last 25-mg dose. (The dosage 
by that time had been increased to 25 mg four times a day.) The mother 
took her first dose of the day, and 2 hr later (after nursing) the maternal 
blood and expressed milk specimens were again obtained. Serum was 
separated within 30 min of collection, and biological specimens were 
stored a t  -20° until analysis. 


Canrenone levels were assayed by the spectrofluorometric method of 
Gochman and Gantt (5). Since this method does not describe canrenone 
measurement in milk, initial recovery studies were performed after known 
amounts of canrenone were added to the control milk of a healthy mother. 


1 Aldactone, G. D. Searle & Co., is 17~-hydroxy-7a-acetylthio-3-oxopregn-4- 


2Also known as Aldadiene, Phanurane, and SC-9376 and is 178-hydroxy-3- 
ene-21-carboxylic acid y-lactone. 


oxopregna-4,6-diene-21 -carboxylic acid y-lactone. 


In the concentration range of 50-400 ng/ml, the recovery was between 
95 and 115% and the coefficient of variation ( n  = 3) was less than 14%. 
For a 1-ml sample, the lowest limit of detection was 25 nglml. 


RESULTS 


A t  2 hr after ingestion of spironolactone (25 mg), the serum and milk 
concentrations of canrenone (average f SD of three determinations) were 
144 f 8 and 104 f 4 ng/ml, respectively. At 14.5 hr, the corresponding 
values were 92 f 4 and 47 += 3 ng/ml. The milk to serum concentration 
ratios a t  early and late periods were 0.72 and 0.51, respectively, indicating 
that the canrenone concentration in the milk declined at  a rate similar 
to that in the serum. 


DISCUSSION 


Canrenone is a lipid-soluble steroid and exists in the unionized form 
in the blood. These factors tend to favor its transfer from blood to milk. 
The low milk concentration of canrenone in the present study can be 
attributed to its extensive binding to the plasma proteins (8). Karim et 
al. (10) found that the maximum and minimum steady-state plasma 
levels of canrenone in healthy males who received twice the usual rec- 
ommended doses of spironolactone (200 mg once a day) were approxi- 
mately 500 and 100 nglml, respectively. 


If it is assumed that the milk to serum (or plasma) concentration ratio 
of canrenone is 0.8 and that the infant’s breast milk intake per day is 1000 
ml, then the maximum quantity of canrenone that could be ingested by 
the infant per day would be about 0.2% of the mother’s daily dose of 
spironolactone. In the present study, serum levels of sodium and potas- 
sium were monitored in the infant and were in the normal range. In this 
case, the amount of canrenone excreted in milk while the mother was 
receiving therapeutic doses of spironolactone was not clinically signifi- 
cant. However, nursing infants of treated mothers should have their 
electrolyte balance monitored (serum and urine) until additional data 
can be collected to allow for possible biological variation. 
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Chemical and Spectroscopic Analysis of a 
Phenobarbital-Ephedrine Complex 


MARSHA B. MRTEKX, JAMES E. GEARIEN, and MARTIN I. BLAKE 


Abstract A complex of phenobarbital and ephedrine was prepared 
and characterized. The complex was differentiated from physical mix- 
tures of the two drugs by TLC and IR spectroscopy. NMR spectroscopy 
was used to verify the proportion of each drug in the complex and to 
confirm the existence of intermolecular binding. Mass spectrometry was 
employed to establish that all fragments characteristic of the individual 
drug entities could be isolated from the complex. Elemental analysis 
confirmed the chemical composition of the complex. A possible chemical 
structure for the complex was hypothesized on the basis of the chemical 
and spectroscopic data. 


Keyphrases 0 Phenobarbital-complex with ephedrine prepared, 
chemical and spectroscopic analysis 0 Ephedrine-complex with phe- 
nobarbital prepared, chemical and spectroscopic analysis Com- 
plexes-phenobarbital with ephedrine, preparation, chemical and 
spectroscopic analysis 


One widely used method to measure complexation has 
been to monitor a change in the curve produced for some 
additive property such as spectrophotometric absorbance. 
Titration techniques have been used whenever a change 
in pH accompanied the complexation reaction. The change 
in absolute solubility in a given solvent was used to mea- 
sure quantitatively the production of caffeine complexes 
(l) ,  and a phase solubility technique was used to study the 
formation of complex salts of triamterene with several 
acids (2). 


The color reaction of local anesthetics with 1,3,5-trini- 
trobenzene was utilized to study the stoichiometry of 
complex formation (3). NMR spectroscopy was used (4) 
to study the structure of the caffeine-sodium benzoate 
complex, and differential thermal analysis was used (5) to 
follow the interaction of aminopyrine and barbital. A 
combination of NMR and IR spectroscopy was employed 
to investigate the extent of hydrogen bonding resulting in 
increased solubility of paraben combinations (6). 


A number of molecular phenobarbital complexes were 
investigated. Phase solubility studies of phenobarbital and 
polyethylene glycol complexes (7), an IR study of pheno- 
barbital association with purines (8), and IR studies of 
phenobarbital complexes with quinine, quinidine, and 
hydroquinidine (9) were reported. The isolation of a 1:l 
phenobarbital-ephedrine complex formed by acid-base 
neutralization in ether also was reported (10). 


The objective of this study was to apply chemical and 
spectroscopic analytical techniques to determine the na- 
ture and structure of a phenobarbital-ephedrine com- 
plex. 


EXPERIMENTAL 


Phenobarbital was recrystallized from boiling water, and the melting 
point of the recrystallized and dried product was determined by differ- 
ential thermal analysis to be 174-176’. Ephedrine hemihydrate was made 
anhydrous by azeotroping with benzene, and the resulting solid was dried 
and stored under vacuum. The melting point determined by differential 
thermal analysis was 33-36O. Spectral grade chloroform was used for the 
IR analysis. All other reagents were analytical grade. The recrystallized 


Table I-& Values for Ephedrine, Phenobarbital, and Complex 


R/ 
Solvent Pheno- 
System Plates Ephedrine barbital Complex 


50% Ethanol Alumina 0.38 0.75 0.70 
Anhydrous methanol Alumina 0.57 0.31 0.23 
50% Ethanol Silica 0.10 0.80 0.80 


0.03 
Anhydrous methanol Silica 0.18 0.71 0.71 


0.11 


complex was subjected to elemental analysis’. 
Synthesis of Complex-Exactly 1.65 g (10 mmoles) of anhydrous 


ephedrine was added to 2.70 g (12 mmoles) of phenobarbital. The mixture 
was dissolved in approximately 15 ml of anhydrous ether, which had been 
stored over metallic sodium. Any excess phenobarbital was removed by 
filtration. The resulting solution was crystallized by chilling in an ace- 
tone-dry ice bath. The sides of the flask were scratched with a sharp glass 
rod to induce crystallization. 


A “dry box” was prepared from an air-tight glove box containing 
phosphorus pentoxide under an atmosphere of nitrogen and was fitted 
with a suction hose for filtration. A specially prepared funnel was made 
by cutting a hole for a 9-cm biichner funnel in a 15-cm polyethylene 
biichner funnel. The holes in the outer funnel were sealed with a resin, 
and the space between the two funnels was filled with crushed dry ice. 
The funnel and filter paper were allowed to equilibrate in the dry box for 
at least 0.5 hr prior to filtration. 


The crystals were collected in the central filter, and the ether was re- 
moved as rapidly as possible by vigorous suction aided by a positive 
pressure from nitrogen gas being introduced into the box. The filter 
system, including the dry ice and the crystalline material, was rapidly 
removed to a vacuum desiccator containing sulfuric acid and phosphorus 
pentoxide. The desiccator was immediately evacuated, and the crystals 
were left to dry for not less than 24 hr. 


TLC-TLC was performed on both silica’ and alumina3 fluorescent 
plates for phenobarbital, ephedrine, and the complex. The plates were 
spotted with an ether solution of each compound, and spots were visu- 
alized with a UV lamp and iodine vapors. The following solvents were 
used: anhydrous methanol, 95% ethanol, 70% ethanol, anhydrous ether, 
75% benzene-25% ethyl acetate, and 50% benzenedo% ethyl acetate. 


IR Spectroscopy-IR spectra were obtained4 for ephedrine, pheno- 
barbital, and the complex using approximately 10% (w/v) samples dis- 
solved in spectral grade chloroform. 


NMR Spectroscopy-NMR spectroscopy5 was used to examine the 
proton resonance structures of ephedrine, phenobarbital, the complex, 
ephedrine acetate, and phenobarbital triethylamine solutions in deu- 
terochloroform (approximately 5% w/v). The spectra were determined 
in the field-sweep mode using an internal tetramethylsilane standard. 


CENT1 M ETERS-’ 


Figure 1-ZR spectrum of  phenobarbital. 


1 Carbon and hydrogen analyses were performed by Micro-Tech Laboratories, 


3 Merck aluminum oxide type T F254. 
4 Perkin-Elmer 337 grating spectrophotometer. 


Skokie, 111. Nitrogen analysis was obtained using a Coleman nitrogen analyzer. 
Merck silica gel 60 F254. 


Varian T-60A NMR spectrometer equipped with Fourier transform. 
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Figure 2-IR spectrum of ephedrine 
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Figure 3-IR spectrum of complex. 


Mass Spectrometry-Mass spectrograms for ephedrine, phenobar- 
bital, and the complex were obtained6. 


RESULTS AND DISCUSSION 


The results of Babin and Coustou (10) for the preparation of the 
complex by titration could not be duplicated in this laboratory. Only by 
removing all sources of water from the reagents and from the atmosphere 
surrounding them could a crystalline substance be isolated. It was then 
necessary to dry the crystals in a chilled, evacuated vessel to prevent 
further absorption of water and subsequent liquefaction. Once the 
crystals were completely free of solvent, they exhibited no further hy- 
groscopic tendency. Differential thermal analysis showed the complex 
to have a wide melting range, centering a t  approximately 70'. 


The results of TLC studies performed on the complex are summarized 
in Table I. Since the manufacturer's plates were used without subsequent 
activation, hydration of the silica plates cannot he ruled out as a cause 
of the decomposition of the complex that occurred on the silica plates 
but not on the alumina plates. 


IR spectroscopy of phenobarbital in spectral grade chloroform yielded 
values of 3690 and 3630 cm-I for NH and of 1750 and 1730 cm-' for C O  
(Fig. 1). Ephedrine yielded peaks a t  3670 and 3620 cm-' for the phenolic 
hydrogen and a broad peak between 3500 and 3300 cm-' for the hydro- 
gen-bonded COH group (Fig. 2). The IR spectrum of the complex differed 
greatly from spectra of the individual compounds. An NH peak was found 
at  approximately 3375 cm-' with broad and ill-defined peaks surrounding 
it, indicating that hydrogen bonding existed in this area of the molecular 
complex (Fig. 3). The 3600-2600-cm-' region for the complex more 
closely resembled that of the salts of ephedrine than of the alkaloid itself. 
A CO peak was found a t  1750 cm-', as in the spectrum of phenobarbi- 
tal. 


To gain further evidence of complex formation, the NMR spectra of 
ephedrine, phenobarbital, and the product of their reaction were exam- 
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Figure I-NMR spectrum of phenobarbital. 


6 Hitachi Perkin-Elmer RMU-60 spectrometer. 
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ined. The formation of a complex (Structure I) might he expected to affect 
the magnetic environment of the hydrogens of the aromatic rings of both 
compounds and the protons on the carbon atom of ephedrine adjacent 
to the methylamino group. It is assumed that the reaction proceeds first 
with salt formation, followed by the formation of a hydrogen bond be- 
tween phenobarbital and the hydroxyl group of ephedrine and an 
alignment of the phenyl groups one on top of the other. 


The NMR spectra of phenobarbital and ephedrine are shown in Figs. 
4 and 5, respectively. The spectrum of the product of the reaction between 
phenobarbital and ephedrine (Fig. 6) appears to exist as a superimposi- 
tion of one spectrum on another. A closer examination indicates an ap- 
preciable change in the chemical shift of the protons of the aromatic ring 
of phenobarbital, the benzylic proton of ephedrine, and the methine 
proton adjacent to the methylamino group of ephedrine (Table 11). Since 
these shifts might result from the protonation of ephedrine by pheno- 
barbital or the formation of the anion of phenobarbital, the spectra of 
these species were examined. The anion was formed by treating a solution 
of phenobarbital in deuterochloroform with excess triethylamine (Fig. 
7). The spectrum of the protonated species of ephedrine (Fig. 8) was 
obtained by treating a deuterochloroform solution of ephedrine with 
excess acetic acid. The significant chemical shifts of these species are 
summarized in Table 11. 


In the complex, the aromatic protons of ephedrine and phenobarbital 
overlapped, representing an upfield shift of the aromatic protons of 
phenobarbital to 7.28 ppm. Formation of the anion of phenobarbital 
caused a downfield shift of the aromatic protons to 7.41 ppm. Protonation 
of ephedrine caused a downfield shift of the aromatic protons. The 
benzylic proton of ephedrine appeared as a doublet a t  4.65 ppm. When 
protonated with excess acetic acid, it was slightly shifted downfield to 
4.83 ppm. In the complex, this proton gave a doublet at 5.14 ppm. Pro- 
tonation of the hydrogen adjacent to the methylamino group of ephedrine 
caused a downfield shift from 2.69 to 3.15 ppm. In the complex, this 
multiplet was found at 2.78 ppm. 


The chemical shifts reported in Tahle I1  represent several spectral 
examinations and did not result from concentration differences. The 
findings indicate that the product of the reaction of phenobarbital and 
ephedrine is held together by weak intermolecular forces as well as an 
ionic bond. The changes in chemical shifts of aliphatic protons between 
ephedrine, the complex, and the protonated species were all to a lower 
magnetic field, and the complex was shifted the most. In the case of the 
aromatic protons of phenobarbital, however, the aromatic protons of the 
anion were shifted downfield from phenobarbital while those of the 
complex were shifted upfield. Integration of the NMR signal as well as 
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Figure 5-NMR spectrum of ephedrine. 







Table 11-Pertinent Chemical Shifts from NMR Spectra 
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Figure 6-NMR spectrum of complex. 


elemental analysis suggests that  the complex is composed of equimo- 
lecular quantities of phenobarbital and ephedrine. 


While i t  is not possible to elucidate completely the structure of the 
complex, the spectral data suggest the protonat ion of ephedrine by 
phenobarbital followed by the formation of a hydrogen bond hetween 
the alcoholic hydroxyl of ephedrine and a suitable group of phenobarbital. 
A structure resembling I would place the phenyl groups of one molecule 
above the other and provide an opportunity for hydrophobic bonding. 
Such an arrangement might provide a conformational change in pheno- 
barbital, which would account for the change in chemical shift of the 
aromatic protons. 


The observed fragmentation pattern for phenobarbital as determined 
by mass spectrometry yielded two different primary fragments: one from 
the loss of an NH group, which had an m/e ratio of 217, and another from 
the loss of a CO group with an mle of 204. Both gave rise to a secondary 
fragment of m/e 189 in which both a CO and an NH were missing. This 
fragment was broken down further by loss of a second CO to give an ion 
with m/e 161. A second NH was then lost to produce a fragment of m/c, 
146. The mass spectrometry data show that ephedrine broke down into 
four primary fragments with m/e ratios of 132, 105,91, and 58. Further- 
more, the fragment a t  105 split to produce an ion with an m/e ratio of 77. 
The fragmentation pattern observed from the mass spectrometry of the 
complex was the combination of  the two patterns for phenobarbital and 
ephedrine. 


PI n i  
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Figure 7-NMR spectrum of phenobarbital plus triethylamine. 
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Figure 8-NMR spectrum of ephedrine plus acetic acid. 


Chemical Shifts, ppm 


Aromatic Proton Adjacent to Nitrogen 
Benzylic Methine Proton 


Compound Proton of Ephedrine of Ephedrine 


- Phenobarbital 7.33 - 
Phenobarbital 7.41 - - 


Complex 7.28 5.14 2.78 
Ephedrine acetate 7.32 4.83 3.15 
Ephedrine 7.28 4.65 2.69 


triethylamine 


- 


A d - C a l c .  for 1:l complex: C, 67.37; H, 7.18; N, 10.27. Found: C, 
66.99; H, 7.23; N, 10.25. 


CONCLUSIONS 


A complex of phenobarbital and ephedrine was isolated and demon- 
strated to have different physical and chemical properties from the in- 
dividual drugs or from simple admixtures of the drugs. I t  is postulated 
that the phenobarbital-ephedrine complex forms through a combination 
of bonding types rather than simply being a salt formed as the product 
of a neutralization reaction between an acid and a base. The complex 
does, however, exhibit some characteristics of a salt, and salt formation 
is proposed as one bonding mechanism involved. 


Other types of bonds are proposed as an explanation for some of its 
unique properties. Face-to-face stacking of the aromatic rings may occur 
and allow x forces to interact between the rings. Hydrogen bonding may 
also occur a t  several sites. In addition to dimer formation, it is also pos- 
sible that trimers, tetramers, and higher aggregates such as base-stacked 
tetramers, spirals, and indefinite linear aggregates may occur. 
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FIFTY MORE FDAs? 


A great deal has been said and written on the subject of the purported cancer 
drug, laetrile or amygdalin. The substance has enjoyed an abundant share of both 
critics and advocates. 


The critics have included the majority of what might be characterized as “the 
health care establishment”; namely, government health agencies, the major societies 
of practitioners in medicine and pharmacy, the scientific societies in the field of 
health-related research, and so on. 


We, ourselves, commented on the subject in our October 1975 column when we 
disputed the editorial position of The New York Times that the public should not 
be denied “harmless, but ineffective, remedies.” A t  that time we predicted that a 
public policy position embodying this concept would return us to the bygone days 
of nostrums and quack remedies. 


The next August, we spoke out on a closely related subject-namely, legislation 
to overturn the effectiveness or efficacy provision of the 1962 Drug Amendments 
to the Federal Food, Drug, and Cosmetic Act. If such legislation were enacted, the 
result would be to permit marketing of unproved drugs without regard to claims 
made for them. In essence, physicians-if not the general public-would be able 
to prescribe, to obtain, and to administer “harmless, but ineffective, remedies.” 
In our view, this latter situation would be equally unfortunate from the standpoint 
of the public health and welfare. 


Inasmuch as laetrile has been opposed primarily on the grounds that it is inef- 
fective as a cancer treatment, attention has primarily focused on the repercussions 
its approval would have on the integrity of the effectiveness requirement as a con- 
dition for drug approval and marketing. 


However, another problem of potentially major proportions has now surfaced, 
and it is the purpose of this editorial to bring attention to this aspect. 


Laetrile proponents, in failing to obtain permission for laetrile marketing and 
distribution on the federal level, have turned to the individual state legislatures 
in an effort to obtain enabling legislation. This strategy would permit manufacture 
and distribution intrastate-thereby circumventing the federal prohibition which 
only governs drugs or drug products that move in interstate commerce. 


A t  last count, about a dozen states have already succumbed to the onslaught of 
lobbying efforts by the laetrile proponents. Various others will probably follow in 
the next round of state legislative sessions. 


What is the effect of this action? Well, for one thing someone has to look after 
the questions of quality, purity, packaging, and labeling of the laetrile that will be 
manufactured and marketed within these states. 


It is one thing to inject a patient with a costly, but harmless, placebo. It is quite 
another matter to inject that patient with a costly, contaminated placebo. Hence, 
comprehensive standards are necessary regarding the purity of the product. Free- 
dom from microbiological contamination, absence of heavy metal impurities, sta- 
bility of ingredients (which include cyanide precursors), proper labeling, protective 
packaging, directions for storage, instructions for safe administration, and so on 
are all the niceties which we take for granted in the case of drugs produced by 
conventional drug manufacturers and moving through the usual channels of federal 
Food and Drug Administration scrutiny, approval, and surveillance. But the FDA 
is inoperative with regard to laetrile; it has no jurisdiction or authority. 


Indeed, if a laetrile product were to come before FDA in any manner that would 
bring it under FDA inspection or monitoring authority, then FDA would be obliged 
to seize that product because it is illegal under federal law; the statutes prohibit 
FDA from condoning the existence of such a product in channels of distribution. 


The only alternative is for each of these individual states to establish its own 
mini-FDA. Each state-level mini-FDA would then perform, within the respective 
states, all of the functions with regard to laetrile that we normally associate with 
the federal agency for conventional drugs. Already one or more states are moving 
in this direction. And if anyone believes that once established and operational these 
state-level agencies will confine themselves to laetrile monitoring, that person is 
ignoring the clear lessons of history. 


In only a short time, we anticipate that we shall have siiccessfully replicated 50 
of these mini-FDAs, each contributing its own huge dose of red tape, paperwork, 
and bureaucratic procedures to a broad spectrum of drugs. Beyond the hassle for 
the drug industry and the frustration for the health professions, the cost to taxpayers 
will be enormous. 


Whatever the benefits and limitations of the present federal FDA, we suspect 
that neither its proponents or opponents relish the prospect of such a dual system. 
Consequently, if this outcome is to be avoided, the potential problem must be rec- 
ognized, and appropriate action taken to avoid such a development from ensu- 
ing. 








Chasseaud, and Drug-Serum Protein Interactions and Their Biological 
Significance by J. W. Bridges and A. G. E. Wilson. 


This volume is English in origin and evidently was planned to serve 
in conjunction with the Chemical Society’s series “Foreign Compound 
Metabolism in Mammals.” According to D. V. Parke’s foreword, “Prog- 
ress in Drug Metabolism” will review advances in the general funda- 
mentals of drug metabolism, reactions, phenomena, techniques, etc., 
while “Foreign Compound Metabolism in Mammals” will deal with the 
metabolic fate of individual chemicals. Presumably, this philosophy will 
continue to be observed in future volumes of this series. 


Four of these five reviews are on topics that have been extensively and 
repeatedly reviewed in the past several years (Bioactivation and Cyto- 
toxicity is the exception). Mass spectrometry, epoxidation, enzyme in- 
duction, and serum protein binding are all, of course, topics of continuing 
and intense interest in the area of drug metabolism, but progress is never 
sufficiently rapid to permit completely original reviews every 2 years or 
so. Most of the content of these reviews, therefore, has been covered re- 
cently. Three of the reviews, as originally written, had 1974 as their last 
reference dates, although one of these contained 1975 references in a note 
added in proof. The other two reviews, which have the editors of the 
volume among their authors, have 1975 references (and one reference to 
a 1976 paper of the authors in press). This first volume of “Progress in 
Drug Metabolism” was evidently a long time a-borning. 


The reviews are uniformly well written, quite readable, and contain 
some interesting insights. Those who are relatively unfamiliar with the 
subject matter would do well to read these reviews in preference to other 
almost as recent reviews of the same topics. The rest of us could profit 
by rereading for fresh insight on these subjects. I’m glad I did. Libraries 
will certainly need to collect this series. Perhaps what’s really needed is 
a series of short monographs which provide an annual drug metabo- 
lism-centered update. 


The content of the review on plasma protein binding of drugs is espe- 
cially interesting when it indicates that there is still a dearth of funda- 
mental understanding of this area. Bridges and Wilson find it necessary 
to correct many of the same misconceptions that Goldstein was correcting 
in 1949. Perhaps there can’t be too many reviews on topics of central 
importance to drug metabolism and pharmacokinetics. 


Reviewed by Morris Pfeffer 
Bristol Laboratories 
Syracuse, NY 13201 


Lehrbuch der Pharmazeutischen Chemie, 8th Ed. By HARRY AU- 
TERHOFF and JOACHIM KNABE. Wissenschaftliche Verlags- 
gesellschaft m.b.H., 7 Stuttgart 1, Postfach 40, W. Germany, 1976.591 
pp. 17 X 25 cm. Price $25.00 (62 DM). 
This review was undertaken on the assumption that my colleagues 


might find it of interest to know what is available to teachers of medicinal 
chemistrylpharmaceutical chemistry in German-speaking countries. 


This book by Auterhoff (who is a professor a t  Tdbingen University) 
and Knabe is in its eighth edition since 1962 and thus has had ample 
opportunity for frequent updating. However, despite occasional lapses 
into modernity, such as a brief discussion of prostaglandins (p. 177) and 
a mention of cyclic AMP (p. 487), it is basically an old-fashioned text- 
book. 


There are several positive points. The first 99 pages, the so-called in- 
organic part, is a good review for the student. Beginning with nomen- 
clature and going through the seven groups of the periodic system (each 
as a chapter), a mini subtext of inorganic pharmaceutical chemistry is 
presented. This section is not truly inorganic because organometallic 
drugs are discussed (e.g., bismuth subgallate and tartar emetic), as are 
organic analytical reagents such as rhodamine B because of its use for 
the analysis of antimony compounds. 


The second part of the book (the remainder) is much more organic than 
current American texts because it mixes more organic with the medicinal 
chemistry. Not only syntheses (which are certainly not excessive) but also 
some refresher material such as nomenclature, ring systems, funda- 
mentals of physical methods (spectroscopy), and organic reactions, in- 
cluding aromatic substitution rules, are given. A little biochemistry is also 
reviewed, e.g., the stereochemistry of amino and fatty acids and coenzyme 
A. The division of this section is very reminiscent of the older editions 


of Olsen’s and Gisvold’s “Textbook of Organic Medicinal and Pharma- 
ceutical Chemistry” in that it contains chapters on olefins, alcohols, ke- 
tones, etc., followed by chapters based on therapeutics. There is a sepa- 
rate chapter on hormones, vitamins, and enzymes and one on ADME, 
which curiously is at  the end of the book rather than with the introductory 
chapters. There are some references, and the index appears adequate. 
The American reader will encounter unfamiliar trade names (e.g., En- 
doxan for cyclophosphamide) and unfamiliar variants of familiar drugs 
[ e.g., flucloxacillin (floxacillin), where fluorine replaces one chlorine in 
dicloxacillin 1. 


The grave shortcoming of the book, however, is the almost total absence 
of discussions of drug action mechanisms. A newcomer to the field, say 
one conversant with organic and some biochemistry, after studying the 
text, would still not really know what drugs are-in the modern sense. 
There are occasional brief, almost meaningless statements such as: 
“polymixin raises the permeability of the cell membrane,” or, regarding 
penicillin, “it is the building of cell wall construction material, murein, 
which is inhibited,” with no further explanation or discussion. Rather 
than discovering that asparagus contains 1.2 mg of folic acid/100 g, I 
would have preferred to see a discussion devoted to dihydrofolic acid 
reductase inhibition mechanisms of antimalarials, methotrexate, or 
sulfonamide action. In the chapter on sympathomimetics, there is a 
statement on receptors but no real explanation-not a word on struc- 
ture-activity relationships. Because of this glaring shortcoming, I feel 
this book is not suitable for the modern pharmaceutical curriculum. 


Reviewed by Alex Gringauz 
Arnold and Marie Schwartz College of 


Long Island University 
Brooklyn, N Y  11201 


Pharmacy and Health Sciences 


Interactions of Drugs of Abuse. Annals of the New York Academy 
of Sciences, Vol. 281. Edited by ELLIOT S. VESELL and MONIQUE 
C. BRAUDE. The New York Academy of Sciences, 2 East 63rd St., 
New York, NY 10021,1976.489 pp. 15 X 23 cm. 
This book contains the proceedings of the first Conference on Inter- 


actions of Drugs of Abuse held in New York, March 9-11,1976, at the 
New York Academy of Sciences. This conference was rather timely since 
there is an ever-increasing polydrug use throughout the United States 
and the world. 


The subject matter of the conference was divided into two parts: ( a )  
general information concerning the molecular, cellular, and clinical as- 
pects of drug interaction; and ( b )  the major thrust of the conference, 
determination of the interaction of specific drugs and drug classes in- 
cluding marijuana, narcotics and narcotic antagonists, CNS depressants, 
CNS stimulants, and hallucinogens. Although extensive effort was made 
to define all the potential ramifications of drug interactions, it is quite 
obvious that only the surface has been scratched. In discussing molecular, 
cellular, and clinical aspects of drug interaction, one could devote several 
volumes to describing results of experiments designed to study such in- 
teractions. Likewise, specific drug interactions could be the subject of 
a tremendous amount of research effort. In general, this book is well 
written and the data are presented in an organized fashion. 


This conference has opened up a new area of research which will be 
explored vigorously in the next several years. Because our society is prone 
to polydrug use, the importance of drug interaction research becomes 
paramount not only for drugs of abuse but for all drugs in general. 


Reviewed by R. Duane Sofia 
Wallace Laboratories 
Cranbury, NJ 08512 


NOTICES 


Venous Thrornboernbolisrn. Prevention and Treatment. Edited by 
JOHN L. MADDEN and MICHAEL HUME. Appleton-Century- 
Crofts, 292 Madison Ave., New York, NY 10017,1976.240 pp. 15 X 23 
cm. 
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Imidazo[4,5-f]quinolines 111: 
Antibacterial 7 -Methyl-9- (substituted 
Arylamino)imidazo[ 4,5-f]quinolines 


HARRY R. SNYDER. Jr.". CLAUDE F. SPENCER, and 
RAYMOND FREEDMAN ' 


Abstract 0 A series of 7-methyl-9-(substituted ary1amino)imidazo- 
[4,5-f]quinolines was prepared and screened against four varieties of 
bacteria. The compounds possessed antibacterial activity against both 
Gram-positive and Gram-negative organisms. 


Keyphrases 0 Imidazo[4,5-f]quinolines, substituted-synthesized, 
screened for antibacterial activity Antibacterial activity-various 
substituted imidazo[4,5-f]quinolines screened Structure-activity re- 
lationships-various substituted imidazo[4,5-f]quinolines screened for 
antibacterial activity 


Synthesis and biological evaluation of a series of 9- 
(substituted amino)imidazo[4,5-f]quinolines (1,2) as an- 
thelmintic agents against the tapeworm Hymenolepis 
nana led to the screening of these compounds for anti- 
bacterial properties. Several 7-methyl-9-(substituted ar- 
ylamino)imidazo[4,5-f]quinolines (2) were particularly 
effective against Haemophilis vaginalis. Accordingly, a 
series of these compounds was prepared t o  explore this 
activity further. 


DISCUSSION 


Chemistry-All but two of the compounds listed in Table I were 
prepared by treating 9-chloro-7-methylimidazo[4,5-f]quinoline (11) (3) 
with the appropriate anilines as previously described (2) (Scheme I). Most 
prerequisite anilines were purchased. However, the anilines for VI, 
XII-XIV, and XX were obtained by the catalytic reduction of the cor- 
responding nitro compounds. Compounds VIII and X were obtained by 
the acid hydrolysis of VII and IX, respectively. With the exception of VI, 
all products were obtained as the hydrochloride salts. 


Biological Screening and Results-Compounds 111-XXIII were 
screened in uitro against Staphylococcus aureus (Mi-l2)l, Escherichia 
coli (Es-~)', Corynebacterium liquefaciens (Co-ll)l, and Haernophilis 
uaginalis (He-127)'. 


Screening data for the compounds are listed in Table I, along with data 
for nitrofurazone2 for comparison. These compounds possess activity 
against Gram-positive and Gram-negative organisms. 


added, and the mixture was shaken under hydrogen at  40 psi until ab- 
sorption was complete. The catalyst was removed by filtration, and the 
filtrate was concentrated to 80 ml under reduced pressure. The residue 
was chilled and filtered to yield 10.8 g, mp 93-97'. The filtrate was con- 
centrated to 10 ml, chilled, and filtered to yield 3.2 g, mp 92-93'. The total 
yield was 14.0 g (82%). A small sample (1.0 g) was recrystallized from 
absolute ethanol to yield 0.5 g, mp 97-100'. 


Anal.-Calc. for CloH13ClN20: C, 56.47; H, 6.16; N, 13.17. Found: C, 
56.43; H, 6.05; N, 13.19. 


7-Methyl-g-(substituted Arylamino)imidazo[4,5-flquinolines 
(111-XXII1)-All of these compounds, except VIII and X, were prepared 
by the procedure of Spencer et al. (2). 
9-(4-Aminoanilino)-7-methylimidazo[4,5-fquinoline Hydro- 


chloride (VII1)-A solution of VII (20.0 g, 0.05 mole) in concentrated 
hydrochloric acid was heated under reflux for 30 min. A clear yellow so- 
lution formed after about 15 min; in another 5 min, crystals began to 
separate. After cooling, the product was filtered, washed with hydro- 
chloric acid and then with methanol, and air dried to give 20 g of yellow 
crystals. These crystals contained a variable amount of hydrogen chloride 
even after drying in uacuo. 


The product was converted to the monohydrochloride by the following 
procedure. A solution of the material in water (200 ml) was made alkaline 
with ammonium hydroxide. The yellow precipitate was filtered, washed 
with water, and suspended in water (300 ml). One equivalent (4.2 ml) of 
concentrated hydrochloric acid was added, and the mixture was heated 
on the steam bath (solution incomplete) and then kept overnight at room 
temperature. The product was filtered, washed with absolute ethanol, 
and air dried to give 12 g of VIII. Drying at  100' in uacuo removes the 
water, but it is rapidly reabsorbed on exposure to the atmosphere. 


Compound XI was hydrolyzed in a similar manner to give X directly 
with no additional workup required. 


Biological Testing-Compounds 111-XXIII were screened in uitro 
against three varieties of bacteria, S. aureus, E. coli, and C. liquefaciens, 
according to procedures previously described (6). In addition, the com- 
pounds were tested against H. uagirzalis by the following method. The 
inoculum of H. uaginalis was prepared by growing the organism for 18-20 
hr at 37" in brain-heart infusion broth4 with 0.1% agar and 10% calf serum 
added. The culture was adjusted in fresh medium to an optical density 
of 0.4 in a spectrometer5 set at  440 nm. Cotton-plugged tubes containing 
2 ml of the growth medium, 5% calf serum, and diluted test compound 
were inoculated with 0.2 ml of the adjusted culture. After the inoculum 
was added, the tubes were incubated without being shaken for 24 hr a t  
37' and then observed for turbidity. 


EXPERIMENTAL 


Synthesis-The anilines for VI and XX were prepared by catalytic 
reduction of 9-nitroanthracene and 2-chlor0-4-nitropheno1, respectively, 
which were purchased. The prerequisite amines for XII, XIII, and XIV 
were obtained from 4-pyrrolidinonitrobenzene (4), I-morpholinonitro- 
benzene (4), and 3-chloro-4-morpholinonitrobenzene (5), respectively, 
which were synthesized by literature procedures. 


Melting points3 were taken in open capillary tubes and are uncorrected. 
IR spectra (mineral oil mull) and NMR spectra )dimethyl sulfoxide-de) 
were consistent with the assigned structures. The physical constants of 
all final products are listed in Table I, and analytical data are listed in 
Table 11. 
3-Chloro-4-morpholinoaniline-A 500-ml reduction bottle was 


charged with 3-chloro-4-morpholinonitrobenzene (5) (19.5 g, 0.08 mole) 
and absolute ethanol. Raney active nickel catalyst (2.5 ml in water) was 


REFERENCES 


(1) C. F. Spencer and H. R. Snyder, Jr., U.S. pat. 3,878,206 (Apr. 15, 
1975). 


aryl-NH2 - 111-XXIII 


I1 
Scheme Z 


The Norwich Pharmacal Co. strain number. 
Furacin, Eaton Laboratories Division, Morton-Norwich Products. 
Mel-Temp melting-point apparatus. 
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Difco. 
Bausch and Lomb Spectronic 20. 
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Table 11-Elemental Analysis Data for 111-XXIII 
Calc./Found, % 


Compound Formula C H N 
1654116.48 
15.79h5.80 
11.5911 1.70 
14.61/14.73 
19.04/19.06 
20.92/20.99 
17.13h7.33 
17.76117.71 
17.83/11.81 
18.44118.17 
17.69117.43 
14.46/14.42 
15.28/15.20 
16.23/16.04 
17.04117.15 
16.69116.71 


(2) C. F. Spencer, H. R. Snyder, Jr., H. A. Burch, and C. J. Hatton, J. 


(3) C. F. Spencer, H. R. Snyder, Jr,, and R. J. Alaimo, J. Heterocycl. 


(4) J. E. LuValle, D. B. Glass, and A. Weissberger, J. Am. Chem. SOC., 


(5) R. H. Harrandence and F. Lions, J .  Proc. Roy. SOC. N.S. Wales, 


(6) R. Freedman and R. E. Chamberlain, Antimicrob. Ag. Chemother., 


Med. Chem., 20,829 (1977). 


Chem., 12,1319 (1975). 


70,2226 (1948). 


70,406 (1937); through Chem. Abstr., 31,6662 (1937). 


1967,502. 
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New Compounds: Synthesis of D- Arabinofuranosylurea Derivatives 


ALBERT M. FLEISCHNER *, JOHN M. CROSS *, 
ALVIN B. SEGELMAN *, and THEODORUS van ES Sx 


Abstract D Procedures are described for the preparation of a series of 
D-arabinofuranosylurea derivatives. 


Keyphrases 0 D-Arabinofuranosylurea derivatives-synthesis described 
0 Ureas, D-arabinofuranosyl-synthesis described 


~ ~~~~ 


The structural resemblance of D-arabinofuranosylurea 
derivatives to nucleosides possessing cytotoxic activity 
such as cytarabine (1) suggested the synthesis of a series 
of these urea derivatives. 


Oxidation of the pyrimidine base in 2’,3‘,5’-tri-(O-ace- 
ty1)uridine or its N3-methyl derivative (2) with perman- 
ganate, ozone, or osmium tetroxide gave, apart from un- 
changed starting material, urea or methylurea and poor 
yields of compounds whose structures were not established 
unambiguously. 


Ureidoglycosides have been formed by an acid-catalyzed 
reaction between monosaccharides and urea (3). Normally, 
this reaction would result in the formation of ureidopy- 
ranosides. For the preparation of ureidofuranosides, pro- 
tected furanose derivatives are required so that pyrano- 


sides are not formed under acidic reaction conditions. 
2’,3’,5’-Tri-(O-benzyl)-~-arabinofuranose and a variety 
of ureas (Table I) were used. This particular derivative 
offered the advantage that the benzyl groups could be re- 
moved by catalytic hydrogenolysis (4) to give the required 
D-arabinofuranosylureas. The urea derivatives were ob- 
tained by heating the benzylated sugar, appropriate urea, 
and acetone (or acetone-water) with sulfuric acid or per- 
chloric acid as a catalyst (5). 


EXPERIMENTAL 


Chemical-ionization mass spectral, with isobutane as the reagent gas, 
and NMR spectra were obtained2. Chemical shift data were measured 
relative to tetramethylsilane as an internal standard and are given in parts 
per million. Evaporations were conducted under diminished pressure 
a t  a bath temperature below 50”. Column chromatography was carried 
out on silica gel (60-200 mesh). 


W-Methyl -2’,3’,5’-tri- (O-aeetyl)uridine-2’,3’,5’-Tri-(O-ace- 


DuPont 21-490F mass spectrograph. * Varian T-60 instrument. 
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Synthesis and Cytotoxic Activity of 
Latentiated Derivatives of 3-Methyleneoxindole 


M. J. KORNETX, A. P. THIO, and J. H. THORSTENSON 


Abstract Several latentiated derivatives of 3-methyleneoxindole were 
synthesized and examined for cytotoxic activity. The latentiated forms 
are represented by three general types which differ in leaving and cleaved 
groups. All are expected to be converted into 3-methyleneoxindole by 
bioactivation processes normally occurring in the cell. Two compounds 
were tested against L-1210 lymphoid leukemia, and six were tested 
against P-388 lymphocytic leukemia; all were inactive. 


Keyphrases 0 3-Methyleneoxindole-latentiated derivatives synthe- 
sized and evaluated for cytotoxic activity Oxindoles, substituted- 
latentiated derivatives synthesized and evaluated for cytotoxic activity 


Cytotoxic activity-evaluated in latentiated derivatives of 3-meth- 
yleneoxindole Structure-activity relationships-latentiakd derivatives 
of 3-methyleneoxindole evaluated for cytotoxic activity 


Beneficial effects were reported when several cancer 
patients were treated with 3-indoleacetic acid for extended 
periods (1). Other studies found that certain esters of 3- 
indoleacetic acid prolonged the survival time of white mice 
(2) implanted with Ehrlich ascites carcinoma. The simi- 
larity of the effect on cell growth of 3-indoleacetic acid and 
3-methyleneoxindole (I) (3) and the demonstrated oxi- 
dative conversion of 3-indoleacetic acid into I (4) strongly 
suggest that I may be the actual pharmacological agent in 
the action of 3-indoleacetic acid on cancer growth. 


BACKGROUND 


Compound I was first synthesized in 1964 (5) and is unstable. It pos- 
sesses an activated ethylenic double bond and is very reactive toward the 
sulfhydryl group. It reacts smoothly with thiophenol(5), glutathione, and 
other biologically important thiol compounds (6) to give stable adducts. 
A sulfhydryl reagent such as I may exhibit selective cytotoxicity toward 
cancer cells, not only because rapidly proliferating cells reportedly expose 
more sulfhydryl groups (7) but also because I-sulfhydryl adducts should 
be more resistant toward dissociation (6) in the more acidic tumor cells 
(81, resulting in a slower rate of detoxification of I (9). 


Finally, I bears a marked similarity to a number of anticancer sub- 
stances including the antibiotic enzyme inhibitor sarkomycin (11) (1G12) 
and the antiascites substance primocarcin (111) (13,14). 


The pronounced instability and reactivity of this compound and the 
marked concentration dependency of its biological action (3,15) make 
it impractical to apply I itself as a drug. This report is concerned with the 
synthesis and evaluation of latentiated forms of I, which can be converted 
into the active I by processes known to occur in oiuo, e.g., hydrolysis, 
oxidation, and reduction (16). 


Immediate precursors of I that  may he expected to undergo sponta- 
neous conversion into the active compound can be represented by the 
three general types, A, B, and C (17), illustrated in Structures Ia, Ib, and 
Ic, respectively. In these structures, X represents leaving groups (e.g., 
halogens, hydroxyl, acyloxy, and amino), while Y stands for cleaved 
groups capable of being cleaved off from the electron pair that binds them 
to the rest of the molecule (e.g., carboxylate and immomium). In most 
cases, these immediate precursors are too unstable to be useful as drugs 
and need to be latentiated. 


@ - & X  


H 
Ic 


RESULTS AND DISCUSSION 


Synthesis-Two examples of compounds of Type A were prepared 
(VIa and VIb, Scheme I). Compound VIa was obtained in four steps from 
oxindole (18,19). Compound VIb was analogously prepared, except that 
acylation in the next to the last step involved ethyl chloroformate. 


Three latentiated 3-methyleneoxindole derivatives of Type B were 
prepared. Ethyl 2,3-dioxindolyl-3-acetate (VII) (20) was synthesized from 
isatin and ethyl bromoacetate. Compound VII is a close relative of 3- 
bromo-3-oxindoleacetic acid (VIII); the latter is transformed into I almost 
immediately by dissolving it in water (5). For this reason, VIII (21) also 
was prepared for biological evaluation. 


In addition, the preparation of the spirolactone X (Scheme 11), which 
represents a third Type B compound, was attempted. 5-Bromo-2,3- 
dioxindole-3-butyric lactone (IX) was obtained by the N-bromosuc- 
cinimide oxidation of 4-indolebutyric acid according to a previous method 


CHNHCH 
acylation 


H O  


I 
COCH.; 


1v 


Va: R = COCH, 
Vb: R = CO,C,H, 


Scheme I 


Br 


H 
0 


"& H 


IX 
Scheme I1 


VIa: R = COCH, 
VIb: R = CO,C,H, 


0 


X 
I I1 I11 
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OH H 


XI 
0 


H 
XI1 


Scheme III 


(22) for the corresponding propionic lactone. However, debromination 
of IX failed to give X. Bioactivation of X would necessitate lactone hy- 
drolysis followed by &oxidation (Scheme 111). 2,3-Dioxindole-3-acetic 
acid (XII) has been proposed as the intermediate in the enzymatic oxi- 
dation of the plant growth hormone 3-indoleacetic acid to I (23). 


Compounds of Type C include XIV-XVI (Scheme IV). Treatment of 
oxindole with diethyl carbonate in the presence of sodium ethoxide 
provided 3-ethoxycarbonyloxindole (XIII). The latter readily added 
formaldehyde and gave the adduct XIV. Tosylation of XIV afforded the 
corresponding tosyl derivative XV. Compound XVI was synthesized in 
good yield from XI11 and N-chloromethylphthalimide (Scheme IV). 


Biological Activity-Compounds VIa, VIb, VII-IX, and XIV-XVI' 
were screened according to standard protocols2 (24). Compounds VIb 
and VIII were evaluated against L-1210 lymphoid leukemia and were 
inactive at doses of 100, 200, and 400 mghg. The remaining six com- 
pounds were tested against P-388 lymphocytic leukemia and were inac- 
tive at  50,100, and 200 mghg. 


One interpretation of the data is that I is devoid of antitumor activity. 
Other possible explanations include: (a)  unfavorable distribution of the 
latentiated forms chosen, ( b )  inappropriate biological test systems, and 
(c) bioactivation before reaching the tumor site. Further investigation 
is required to determine which, if any, of these explanations is correct. 


EXPERIMENTAL3 


3-Bromo-3-oxindoleacetic Acid (VII1)-This compound was pre- 
pared according to Hinman and Bauman (21) and recrystallized from 
acetonitrile, mp 153.5-155.5' [lit. (21) mp 152-153'1. 
3-Methylaminomethyleneoxindole (1V)-A mixture of 1.0 g (4.34 


mmoles) of 1-acetyl-3-ethoxymethyleneoxindole (18) in 20 ml of 30% 
aqueous methylamine was stirred at  ambient temperature for 2.5 hr 
(Scheme I). The resulting precipitate was filtered and dried and 
amounted to 690 mg of solid, mp 230-232' [lit. (19) mp 235'1. Its IR and 
UV spectra agreed with the reported (19) spectra. 


3-[( N-Methylacetamido)methyl]oxindole (VIa)-This compound 
was obtained by hydrogenation of Va (Scheme I) according to the re- 
corded procedure (19), mp 134-136' [lit. (19) mp 135O]; NMR (CDC13): 
6 1.92,2.09 (2 s, 3H, CH3C=O), 3.02,3.05 (2 s, 3H, NCHB), 3.58-4.17 (m, 
3H, CH2 and aliphatic CHI, 6.75-7.50 (m, 4H, ArH), 9.36, and 9.67 (2 
broad s, lH, NH) ppm. 


3-[ (N-Ethoxycarbonyl-N-methylamino)methylene]oxindole 
(Vb)-To a stirred, cooled solution of 4.0 g (0.023 mole) of IV in 32 ml 
of dry pyridine was added dropwise 12 ml of ethyl chloroformate (Scheme 
I). The solution was then warmed on the steam bath for 15 min and 
poured onto ice. The pale-yellow solid was filtered and washed well with 
cold water. The dried product, 5.24 g (93%), was recrystallized from 95% 
ethanol, mp 201-203'; IR (CHC13): 1710 (C=O) cm-'; NMR (dimethyl 
sulfoxide-de): 6 1.28 (t, 3H, CCH3), 3.43 (s, 3H, NCHs), 4.30 (4, ZH, 
OCHz), 6.73-7.68 (m, 4H, ArH), 7.90 (s, lH, =CHN), and 10.47 (broad 
s, lH, NH) ppm. 


~~ ~ 


NSC 246030-246037, respectively. 
National Cancer Institute. 
Melting points were determined with a Fisher-Johns melting-point apparatus 


and are uncorrected. The structures of the products were confirmed by their IR 
and NMR spectra. IR spectra were obtained on a Beckman 1R-8 spectrophotometer. 
NMR spectra were determined on a Varian A-60A spectrometer, using tetra- 
methylsilane as the internal reference. Microanalysis were performed by Dr. Kurt 
Eder, Geneva, Switzerland. 


XI11 


CH,OH CHPR 


CH ,C,,H,SOFI 


pyridine - 
xi 


- I. 


H 
XIV XV: R = p-toluenesulfonyl 


CO,C,H, 


XVI 
Scheme IV 


Anal.-Calc. for C13H14N203: C, 63.40; H, 5.73; N, 11.38. Found C, 
63.14; H, 5.84; N, 11.20. 


3 - [(N - Ethoxycarbonyl - N - methylamino)methyl]oxindole 
(V1b)-A slurry of 2.5 g (0.0102 mole) of Vb in 200 ml of 95% ethanol 
containing 250 mg of 10% palladium-on-carbon catalyst was hydroge- 
nated in a Parr apparatus (Scheme I). Hydrogen uptake stopped after 
30 min, and the solution was filtered and evaporated under reduced 
pressure to give a colorless oil in quantitative yield. The oil was dried over 
phosphorus pentoxide in a drying pistol a t  0.1 mm Hg for 2 hr. TLC on 
silica gel (ethyl acetate) exhibited a single spot, R, 0.52; IR (CHC13): 1700 
(C=O) cm-l; NMR (CDCl3): 6 1.18,1.23 (overlapping t, 3H, CCH3), 3.0 
(s,3H, NCH3),3.50-4.35 (m,SH,OCHz,CCH2,and CH),6.78-7.44 (m, 
4H, ArH), and 9.70 (broad s, lH, NH) ppm. 


Anal.-Calc. for C13H16N203: C, 62.89; H, 6.50; N, 11.28. Found: C, 
62.93; H, 6.54; N, 11.34. 


Ethyl 2,3-Dioxindolyl-3-acetate (VI1)-Compound VII was ob- 
tained uia a Reformatsky reaction between isatin and ethyl bromoacetate 
by the method of Hallmann (20). The product was recrystallized from 
benzene and yielded colorless crystals, mp 111-111.5° [lit. (20) mp 102']; 
mass spectrum: m/e 235 (M+); NMR (CDC13): 6 1.13 (t, 3H, CCHz), 2.98 
(s, 2H,CH#=O),4.08 (4, 2H, OCH2),4.82 (s, lH,OH),6.76-7.56 (m, 
4H, ArH), and 9.02 (broad s, IH, NH) ppm. 
5-Bromo-2,3-dioxindole-3-butyric Lactone (1X)-This compound 


was prepared according to a previous procedure (22) (Scheme 11) for the 
preparation of the propionic lactone analog. The pale-yellow solid ob- 
tained from filtration was air dried overnight and amounted to 2.15 g, 
mp 198-203'. From the ether extraction, an additional 0.33 g was ob- 
tained, mp 204-208', giving a total of 2.48 g (79%). Recrystallization from 
aqueous methanol afforded white crystals, mp 208-211'; IR (KBr): 1720 
and 1750 (C=O) cm-l; NMR (dimethyl sulfoxide-ds): 6 1.42-2.94 (m, 
6H, CH2CHzCH2) and 6.75-7.92 (m, 3H. ArH) ppm. 


Anal.-Calc. for C12H10BrN03: C, 48.67; H, 3.40; N, 4.73. Found: C, 
48.48; H, 3.60; N, 4.66. 


Attempted Debromination of IX-A mixture of 1.0 g (3.37 mmoles) 
of IX, 350 mg of 5% palladium-on-charcoal catalyst, 4 ml of dry trieth- 
ylamine, and 75 ml of absolute ethanol was hydrogenated in a Parr ap- 
paratus for 2 hr (Scheme 11). Workup gave 100 mg of crystals, mp 
160.5-163.5'. A second crop of 65 mg, mp 164.5-168", was also obtained. 
Spectroscopic evidence indicated that this compound was a carboxylic 
acid and i t  was not investigated further. 


3-Ethoxycarbonyloxindole (XII1)-To a hot solution containing 
10.5 g (0.079 mole) of oxindole, 40 ml of diethyl carbonate (-0.32 mole), 
and 50 ml of dry toluene was added dropwise an ethanolic solution of 
sodium ethoxide [from 1.97 g (0.085 g-atom) of sodium in 30 ml of abso- 
lute ethanol] (Scheme IV). The flask contained a mechanical stirrer and 
was equipped for distillation. Moisture was excluded by means of a drying 
tube. The rate of addition was controlled to allow a smooth rate of dis- 
tillation of the ethanol-toluene azeotrope (bp 76.7'). 


Near the end of the addition, a heavy precipitate appeared and an 
additional 75 ml of toluene was added. Heating was continued until the 
boiling point of the distillate fell below 76". The resulting solid was fil- 
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tered, washed with toluene, slurried in water, and acidified in the cold 
to pH 3-4. The mixture was extracted three times with 100-ml portions 
of ether, and the combined extract was dried over magnesium sulfate. 
Concentration of the solution gave 11.5 g (71%) of an oil that slowly so- 
lidified. 


Trituration with ligroin and recrystallization from cyclohexane-ben- 
zene gave crystals, mp 91-93’. A second recrystallization from the same 
solvent system afforded the analytically pure product, mp 93-94’; IR 
(CHCl3): 1725 ( C 4 )  cm-l; NMR (CDC13 containing DzO and NazC03): 
6 1.27 (t, 3H, CH3),4.25 (q,2H, OCH2), and6.75-7.60 (m,4H, ArH) ppm. 
Both the NH and 3-H exchange under these conditions. 


Anal.-Calc. for C11H1INOB: C, 64.38; H, 5.40; N, 6.83. Found C, 64.50; 
H, 5.44; N, 6.87. 
3-Ethoxycarbonyl-3-hydroxymethyloxindole (X1V)-To a cooled 


solution containing 5.7 g (0.0278 mole) of 3-ethoxycarbonyloxindole and 
100 mg of calcium oxide in 150 ml of 70% aqueous ethanol was added 
dropwise a mixture of 2.26 ml of 40% aqueous formaldehyde in 5 ml of 
water (Scheme IV). The resulting solution was kept at room temperature 
overnight. The mixture was acidified with 6.5 ml of 5% aqueous hydro- 
chloric acid, followed by addition of 50 ml of 95% ethanol. The solution 
was filtered and evaporated under reduced pressure at  35O to give a solid. 
Recrystallization from acetonitrile afforded 2.5 g (38%) of crystals, mp 
149-152’ dec. (with evolution of formaldehyde); IR (KBr): 1720 (C=O) 
cm-’; mass spectrum: m/e 235 (M+); NMR (dimethyl sulfoxide-ds): 6 
1.08 (t, 3H, CH3), 3.74 (m, 4H, 2 CHd, 5.05 (t, lH,  OH), and 6.85-7.53 
(m, 4H, ArH) ppm. 


H, 5.65; N, 6.00. 
Anal.-Calc. for C12H13N04: C, 61.27; H, 5.57; N, 5.95. Found C, 61.15; 


3 - Ethoxycarbonyl - 3 - p - toluenesulfonyloxymethyloxindole 
(XV)-A mixture of 2.11 g (0.00897 mole) of XIV and 3.43 g (0.018 mole) 
of p-toluenesulfonyl chloride in 75 ml of pyridine was stored at  0’ for 46 
hr. The rose-colored solution was poured onto 100 g of ice and stirred; 
a pink solid was collected by filtration. After drying in uacuo, 1.65 g (47%) 
of the tosylate was obtained, mp 155-157’. Recrystallization from 95% 
ethanol gave colorless crystals, mp 163-164.5’; IR (CHC13): 1730 (C=O) 
cm-l; NMR (CDC13): 6 1.14 (t, 3H, OCCH3), 2.42 (s, 3H, ArCH3), 4.18 


= I0 Hz, SOzOCHz), 6.78-7.85 (m, BH, ArH), and 8.93 (broad s, lH, NH) 


Anal.-Calc. for C19H19N06S: C, 58.61; H, 4.92; N, 3.60. Found C, 
58.74; H, 4.99; N, 3.61. 
3-Ethoxycarbonyl-3-phthalimidomethyloxindole (XV1)-To a 


slurry of 368 mg (7.68 mmoles) of a 50% sodium hydride dispersion in 
mineral oil in 40 ml of dimethylformamide was added 1.28 g (6.25 
mmoles) of XI1 portionwise a t  room temperature (Scheme IV). After 
stirring for 15 min, 1.22 g (6.26 mmoles) of N-chloromethylphthalimide 
(25) was added. The dark-red color of the mixture was slowly discharged 
upon stirring at  room temperature overnight. Then the solution was 
poured onto 100 g of ice, and the precipitate was filtered. After drying, 
1.95 g (85%) of solid was obtained, which was recrystallized from ben- 
zene-carbon tetrachloride, mp 202-203’; IR (CHC13): 1720 and 1770 
( C 4 )  cm-’; mass spectrum: m/e 364 (M+); NMR (CDC13): b 1.19 (t, 3H, 


J = 14.5 Hz, NCHz), 6.75-7.93 (m, 8H, ArH), and 8.72 (broads, lH,  NH) 


(q, 2H, O=COCHp), 4.58 (d, lH, J = 10 Hz, SOzOCHz), 4.83 (d, lH,  J 


ppm. 


CH3), 4.25 (q,2H, OCHp), 4.50 (d, IH, J = 14.5 Hz, NCHz), 4.83 (d, lH, 


ppm. 


Anal.-Calc. for CzoH16N205: C, 65.93; H, 4.43; N, 7.69. Found: C, 
65.95; H, 4.39; N, 7.82. 
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FIFTY MORE FDAs? 


A great deal has been said and written on the subject of the purported cancer 
drug, laetrile or amygdalin. The substance has enjoyed an abundant share of both 
critics and advocates. 


The critics have included the majority of what might be characterized as “the 
health care establishment”; namely, government health agencies, the major societies 
of practitioners in medicine and pharmacy, the scientific societies in the field of 
health-related research, and so on. 


We, ourselves, commented on the subject in our October 1975 column when we 
disputed the editorial position of The New York Times that the public should not 
be denied “harmless, but ineffective, remedies.” A t  that time we predicted that a 
public policy position embodying this concept would return us to the bygone days 
of nostrums and quack remedies. 


The next August, we spoke out on a closely related subject-namely, legislation 
to overturn the effectiveness or efficacy provision of the 1962 Drug Amendments 
to the Federal Food, Drug, and Cosmetic Act. If such legislation were enacted, the 
result would be to permit marketing of unproved drugs without regard to claims 
made for them. In essence, physicians-if not the general public-would be able 
to prescribe, to obtain, and to administer “harmless, but ineffective, remedies.” 
In our view, this latter situation would be equally unfortunate from the standpoint 
of the public health and welfare. 


Inasmuch as laetrile has been opposed primarily on the grounds that it is inef- 
fective as a cancer treatment, attention has primarily focused on the repercussions 
its approval would have on the integrity of the effectiveness requirement as a con- 
dition for drug approval and marketing. 


However, another problem of potentially major proportions has now surfaced, 
and it is the purpose of this editorial to bring attention to this aspect. 


Laetrile proponents, in failing to obtain permission for laetrile marketing and 
distribution on the federal level, have turned to the individual state legislatures 
in an effort to obtain enabling legislation. This strategy would permit manufacture 
and distribution intrastate-thereby circumventing the federal prohibition which 
only governs drugs or drug products that move in interstate commerce. 


A t  last count, about a dozen states have already succumbed to the onslaught of 
lobbying efforts by the laetrile proponents. Various others will probably follow in 
the next round of state legislative sessions. 


What is the effect of this action? Well, for one thing someone has to look after 
the questions of quality, purity, packaging, and labeling of the laetrile that will be 
manufactured and marketed within these states. 


It is one thing to inject a patient with a costly, but harmless, placebo. It is quite 
another matter to inject that patient with a costly, contaminated placebo. Hence, 
comprehensive standards are necessary regarding the purity of the product. Free- 
dom from microbiological contamination, absence of heavy metal impurities, sta- 
bility of ingredients (which include cyanide precursors), proper labeling, protective 
packaging, directions for storage, instructions for safe administration, and so on 
are all the niceties which we take for granted in the case of drugs produced by 
conventional drug manufacturers and moving through the usual channels of federal 
Food and Drug Administration scrutiny, approval, and surveillance. But the FDA 
is inoperative with regard to laetrile; it has no jurisdiction or authority. 


Indeed, if a laetrile product were to come before FDA in any manner that would 
bring it under FDA inspection or monitoring authority, then FDA would be obliged 
to seize that product because it is illegal under federal law; the statutes prohibit 
FDA from condoning the existence of such a product in channels of distribution. 


The only alternative is for each of these individual states to establish its own 
mini-FDA. Each state-level mini-FDA would then perform, within the respective 
states, all of the functions with regard to laetrile that we normally associate with 
the federal agency for conventional drugs. Already one or more states are moving 
in this direction. And if anyone believes that once established and operational these 
state-level agencies will confine themselves to laetrile monitoring, that person is 
ignoring the clear lessons of history. 


In only a short time, we anticipate that we shall have siiccessfully replicated 50 
of these mini-FDAs, each contributing its own huge dose of red tape, paperwork, 
and bureaucratic procedures to a broad spectrum of drugs. Beyond the hassle for 
the drug industry and the frustration for the health professions, the cost to taxpayers 
will be enormous. 


Whatever the benefits and limitations of the present federal FDA, we suspect 
that neither its proponents or opponents relish the prospect of such a dual system. 
Consequently, if this outcome is to be avoided, the potential problem must be rec- 
ognized, and appropriate action taken to avoid such a development from ensu- 
ing. 








Chasseaud, and Drug-Serum Protein Interactions and Their Biological 
Significance by J. W. Bridges and A. G. E. Wilson. 


This volume is English in origin and evidently was planned to serve 
in conjunction with the Chemical Society’s series “Foreign Compound 
Metabolism in Mammals.” According to D. V. Parke’s foreword, “Prog- 
ress in Drug Metabolism” will review advances in the general funda- 
mentals of drug metabolism, reactions, phenomena, techniques, etc., 
while “Foreign Compound Metabolism in Mammals” will deal with the 
metabolic fate of individual chemicals. Presumably, this philosophy will 
continue to be observed in future volumes of this series. 


Four of these five reviews are on topics that have been extensively and 
repeatedly reviewed in the past several years (Bioactivation and Cyto- 
toxicity is the exception). Mass spectrometry, epoxidation, enzyme in- 
duction, and serum protein binding are all, of course, topics of continuing 
and intense interest in the area of drug metabolism, but progress is never 
sufficiently rapid to permit completely original reviews every 2 years or 
so. Most of the content of these reviews, therefore, has been covered re- 
cently. Three of the reviews, as originally written, had 1974 as their last 
reference dates, although one of these contained 1975 references in a note 
added in proof. The other two reviews, which have the editors of the 
volume among their authors, have 1975 references (and one reference to 
a 1976 paper of the authors in press). This first volume of “Progress in 
Drug Metabolism” was evidently a long time a-borning. 


The reviews are uniformly well written, quite readable, and contain 
some interesting insights. Those who are relatively unfamiliar with the 
subject matter would do well to read these reviews in preference to other 
almost as recent reviews of the same topics. The rest of us could profit 
by rereading for fresh insight on these subjects. I’m glad I did. Libraries 
will certainly need to collect this series. Perhaps what’s really needed is 
a series of short monographs which provide an annual drug metabo- 
lism-centered update. 


The content of the review on plasma protein binding of drugs is espe- 
cially interesting when it indicates that there is still a dearth of funda- 
mental understanding of this area. Bridges and Wilson find it necessary 
to correct many of the same misconceptions that Goldstein was correcting 
in 1949. Perhaps there can’t be too many reviews on topics of central 
importance to drug metabolism and pharmacokinetics. 


Reviewed by Morris Pfeffer 
Bristol Laboratories 
Syracuse, NY 13201 


Lehrbuch der Pharmazeutischen Chemie, 8th Ed. By HARRY AU- 
TERHOFF and JOACHIM KNABE. Wissenschaftliche Verlags- 
gesellschaft m.b.H., 7 Stuttgart 1, Postfach 40, W. Germany, 1976.591 
pp. 17 X 25 cm. Price $25.00 (62 DM). 
This review was undertaken on the assumption that my colleagues 


might find it of interest to know what is available to teachers of medicinal 
chemistrylpharmaceutical chemistry in German-speaking countries. 


This book by Auterhoff (who is a professor a t  Tdbingen University) 
and Knabe is in its eighth edition since 1962 and thus has had ample 
opportunity for frequent updating. However, despite occasional lapses 
into modernity, such as a brief discussion of prostaglandins (p. 177) and 
a mention of cyclic AMP (p. 487), it is basically an old-fashioned text- 
book. 


There are several positive points. The first 99 pages, the so-called in- 
organic part, is a good review for the student. Beginning with nomen- 
clature and going through the seven groups of the periodic system (each 
as a chapter), a mini subtext of inorganic pharmaceutical chemistry is 
presented. This section is not truly inorganic because organometallic 
drugs are discussed (e.g., bismuth subgallate and tartar emetic), as are 
organic analytical reagents such as rhodamine B because of its use for 
the analysis of antimony compounds. 


The second part of the book (the remainder) is much more organic than 
current American texts because it mixes more organic with the medicinal 
chemistry. Not only syntheses (which are certainly not excessive) but also 
some refresher material such as nomenclature, ring systems, funda- 
mentals of physical methods (spectroscopy), and organic reactions, in- 
cluding aromatic substitution rules, are given. A little biochemistry is also 
reviewed, e.g., the stereochemistry of amino and fatty acids and coenzyme 
A. The division of this section is very reminiscent of the older editions 


of Olsen’s and Gisvold’s “Textbook of Organic Medicinal and Pharma- 
ceutical Chemistry” in that it contains chapters on olefins, alcohols, ke- 
tones, etc., followed by chapters based on therapeutics. There is a sepa- 
rate chapter on hormones, vitamins, and enzymes and one on ADME, 
which curiously is at  the end of the book rather than with the introductory 
chapters. There are some references, and the index appears adequate. 
The American reader will encounter unfamiliar trade names (e.g., En- 
doxan for cyclophosphamide) and unfamiliar variants of familiar drugs 
[ e.g., flucloxacillin (floxacillin), where fluorine replaces one chlorine in 
dicloxacillin 1. 


The grave shortcoming of the book, however, is the almost total absence 
of discussions of drug action mechanisms. A newcomer to the field, say 
one conversant with organic and some biochemistry, after studying the 
text, would still not really know what drugs are-in the modern sense. 
There are occasional brief, almost meaningless statements such as: 
“polymixin raises the permeability of the cell membrane,” or, regarding 
penicillin, “it is the building of cell wall construction material, murein, 
which is inhibited,” with no further explanation or discussion. Rather 
than discovering that asparagus contains 1.2 mg of folic acid/100 g, I 
would have preferred to see a discussion devoted to dihydrofolic acid 
reductase inhibition mechanisms of antimalarials, methotrexate, or 
sulfonamide action. In the chapter on sympathomimetics, there is a 
statement on receptors but no real explanation-not a word on struc- 
ture-activity relationships. Because of this glaring shortcoming, I feel 
this book is not suitable for the modern pharmaceutical curriculum. 


Reviewed by Alex Gringauz 
Arnold and Marie Schwartz College of 


Long Island University 
Brooklyn, N Y  11201 


Pharmacy and Health Sciences 


Interactions of Drugs of Abuse. Annals of the New York Academy 
of Sciences, Vol. 281. Edited by ELLIOT S. VESELL and MONIQUE 
C. BRAUDE. The New York Academy of Sciences, 2 East 63rd St., 
New York, NY 10021,1976.489 pp. 15 X 23 cm. 
This book contains the proceedings of the first Conference on Inter- 


actions of Drugs of Abuse held in New York, March 9-11,1976, at the 
New York Academy of Sciences. This conference was rather timely since 
there is an ever-increasing polydrug use throughout the United States 
and the world. 


The subject matter of the conference was divided into two parts: ( a )  
general information concerning the molecular, cellular, and clinical as- 
pects of drug interaction; and ( b )  the major thrust of the conference, 
determination of the interaction of specific drugs and drug classes in- 
cluding marijuana, narcotics and narcotic antagonists, CNS depressants, 
CNS stimulants, and hallucinogens. Although extensive effort was made 
to define all the potential ramifications of drug interactions, it is quite 
obvious that only the surface has been scratched. In discussing molecular, 
cellular, and clinical aspects of drug interaction, one could devote several 
volumes to describing results of experiments designed to study such in- 
teractions. Likewise, specific drug interactions could be the subject of 
a tremendous amount of research effort. In general, this book is well 
written and the data are presented in an organized fashion. 


This conference has opened up a new area of research which will be 
explored vigorously in the next several years. Because our society is prone 
to polydrug use, the importance of drug interaction research becomes 
paramount not only for drugs of abuse but for all drugs in general. 


Reviewed by R. Duane Sofia 
Wallace Laboratories 
Cranbury, NJ 08512 


NOTICES 


Venous Thrornboernbolisrn. Prevention and Treatment. Edited by 
JOHN L. MADDEN and MICHAEL HUME. Appleton-Century- 
Crofts, 292 Madison Ave., New York, NY 10017,1976.240 pp. 15 X 23 
cm. 
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Relationship between Protein Binding of Bilirubin, 
Salicylic Acid, and Sulfisoxazole in Serum of 
Unrnedicated and Phenobarbital-Treated Rats 


AVRAHAM YACOBI, SVEIN (ME, and GERHARD LEVY 


Abstract The relationship between the protein binding of bilirubin, 
salicylic acid, and sulfisoxazole in the serum of phenobarbital-treated 
and untreated rats was studied. The free fraction of bilirubin in serum 
varied about threefold between animals but was not related to the al- 
bumin concentration, the free fraction of salicylate, or the free fraction 
of sulfisoxazole. However, there was a strong positive correlation between 
the free fraction values of salicylate and sulfisoxazole. The free fraction 
value for each of these drugs showed a significant negative correlation 
with the serum albumin concentration. Treatment of the animals with 
phenobarbital had no apparent effect on the serum protein binding of 
bilirubin, salicylic acid, and sulfisoxazole. 


Keyphrases o Bilirubin-protein binding, relationship to binding of 
salicylic acid and sulfisoxazole, effect of phenobarbital, rat serum 
Salicylic acid-protein binding, relationship to binding of bilirubin and 
sulfisoxazole, effect of phenobarbital, rat serum 0 Sulfisoxazole-protein 
binding, relationship to binding of salicylic acid and bilirubin, effect of 
phenobarbital, rat serum Protein binding-bilirubin, salicylic acid, 
and sulfisoxazole, effect of phenobarbital, rat serum Binding, pro- 
tein-bilirubin, salicylic acid, and sulfisoxazole, effect of phenobarbital, 
rat serum Phenobarbital-effect on protein binding of bilirubin, sal- 
icylic acid and sulfisoxazole, rat serum 


Drugs that displace bilirubin from plasma protein 
binding sites can cause brain damage and death in pre- 
mature infants with neonatal jaundice (1-3). Classical 
bilirubin displacing agents, in terms of clinical experience 
and experimental interest, are sulfisoxazole and salicylic 
acid. Administration of these drugs to humans and animals 
during hyperbilirubinemia causes a redistribution of bi- 
lirubin from plasma to extravascular tissues, including the 
brain (4-9). 


The rat has been used in this laboratory as a model for 
investigating the pharmacokinetics of the interaction of 
salicylic acid and sulfisoxazole with bilirubin. As an ex- 
tension of this research, the relationship between the 
protein binding of bilirubin, salicylic acid, and sulfisoxazole 
in the serum of individual rats has been determined. A 
previous study revealed that there are pronounced inter- 
individual differences in the serum protein binding of bi- 
lirubin in rats (10). 


Neonatal unconjugated hyperbilirubinemia is treated 
sometimes with the enzyme inducer phenobarbital (11 , lZ) .  
In uitro addition of phenobarbital to hyperbilirubinemic 
serum does not change the total binding capacity of albu- 
min (13), but it remains to be determined if enzyme in- 
duction per se affects the serum protein binding of bili- 
rubin, perhaps by changing the formation and/or elimi- 
nation kinetics of endogenous inhibitors of bilirubin 
binding. Accordingly, protein binding studies were carried 
out with serum from unmedicated and phenobarbital- 
pretreated rats. 


EXPERIMENTAL 


Twenty adult male Sprague-Dawley rats, -350 g, were divided into 
two groups. One group received daily injections of phenobarbital, 75 
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Figure 1-Relationship between free fraction of bilirubin and albumin 
concentration in serum of phenobarbital-treated (0 )  and control (0 )  
rats. Correlation coefficient = 0.36 (not significant) for combined 
data. 
mg/kg ip, for 4 days; the other group received daily injections of normal 
saline solution. On the 5th day, all blood was removed from the aorta 
under light ether anesthesia and the liver was excised and weighed. Serum 
was separated and assayed for total protein (14), using crystalline rat 
albumin as the standard. The fraction of albumin was determined by 
electrophoresis'. 


The protein binding of salicylic acid and sulfisoxazole was determined 
by equilibrium dialysis at 37' as previously described (15). The buffer 
solution contained an initial concentration of 30 mg of salicylic acid or 
10 mg of sulfisoxazole/100 ml. The protein binding of bilirubin was de- 
termined by measuring the rate of the peroxidase-catalyzed degradation 
of the pigment by peroxide (16). Since only unbound bilirubin reacts with 
peroxide, the reaction rate is proportional to the free bilirubin concen- 
tration. 


Bilirubin solution2, 10 pl, was added to 0.5 ml of serum from a rat to 
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Figure 2-Relationship between free fraction values of bilirubin and 
salicylic acid in serum of phenobarbital-treated ( 0 )  and control (0)  rats. 
Correlation coefficient is 0.185 (not significant) f o r  combined data and 
0.518 (not significant) for control data. 


1 Gelman serum protein electrophoresis system. 
2 Crystalline bilirubin (Sigma) dissolved in water with the aid of a small quantity 


of 2 M sodium hydroxide. 
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Table I-Effect of Treatment with Phenobarbital on Total Protein and Albumin Concentrationsa in  Serum of Rats 


Before Treatment After Treatment 


Control Phenobarbital Control Phenobarbital 


8.13 f 0.20 Total protein, g/100 ml 8.10 f 0.24 8.01 f 0.35 7.94 f 0.26 
Albumin, g/100 ml 3.96 f 0.22 3.77 f 0.21 3.49 f 0.20 3.30 f 0.20 - N.S.- I N S . -  


-p < 0.001- 
u p  < 0.001- 


Mean f SD, n = 10. 
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obtain a serum bilirubin concentration of 8.7-9.5 mg/100 ml. A 0.1-ml 
aliquot of 0.1 M phosphate buffer, pH 7.4, containing 0.01 M edetate 
disodium was evaporated to dryness in a 10-ml centrifuge tube. Plasma, 
0.1 ml, was added, and the dried buffer was dissolved in it by vortexing. 
Peroxidase solution, 10 pl(8 purpurogallin units of horseradish peroxi- 
daseVm1 of 0.1 M phosphate buffer, pH 7.4), was then added. 


The reaction was started by adding 5 p1 of peroxide solution (0.2% ethyl 
hydrogen peroxide in 0.1 M phosphate buffer, pH 7.4) and stopped after 
1-2 min by addition of 1 ml of 6% ascorbic acid in 0.2 M phosphate buffer, 
pH 8.2. The entire reaction was carried out in a water bath at 37O. The 
concentration of total unconjugated bilirubin before and after the reac- 
tion was determined spectrophotometrically after chloroform extraction 
(171, using a commercial bilirubin control4 as the standard. 


All protein binding data are expressed as free fraction values, i.e., the 
concentration of free (unbound) divided by the concentration of total 
(free and protein bound) drug or bilirubin in serum. 


RESULTS 


Treatment with phenobarbital caused a significant increase in liver 
weight (3.70 f 0.35 versus 3.09 f 0.16 g/lOO g of body weight, p < 0.001) 
but had no apparent effect on the concentrations of total protein and 
albumin in serum (Table I). There was a small but statistically significant 
decrease in the serum albumin concentration in both the control and 
phenobarbital-treated groups during the treatment period. Treatment 
with phenobarbital had no statistically significant effect on the serum 
protein binding of bilirubin, sulfisoxazole, and salicylic acid (Table 
11). 


There were appreciable intersubject differences in the binding of bi- 
lirubin and the concentration of albumin in serum but no apparent cor- 
relation between the free fraction values of bilirubin and the albumin 
concentration in serum (Fig. 1). There was also no apparent correlation 
between the free fraction values of bilirubin and those of salicylic acid 
(Fig. 2) or sulfisoxazole (Fig. 3). On the other hand, a strong and statis- 
tically highly significant correlation existed between the free fraction 
values of salicylic acid and sulfisoxazole in individual animals (Fig. 4). 
There was also a statistically significant negative correlation between 


0 
0 


0 


I I , I I i 


0.05 0.10 0.15 0.20 
FREE FRACTION (SULFISOXAZOLE) 


Figure 3-Relationship between free fraction values of bilirubin and 
sulfisoxazole in serum of  phenobarbital-treated (0 )  and control (0) 
rats. Correlation coefficient is 0.074 (not significant) for combined 
data. 


3 Sigma type I. 
Dade Division, American Hospital Supply Carp., Miami, Fla. 
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Table 11-Effect of Treatment with Phenobarbital on Protein 
Binding of Bilirubin, Salicylic Acid, and Sulfisoxazole in Serum 
nf Rats 


Free Fraction” 


Control Phenobarbital 


Bilirubin 0.00126 f 0.00043 0.00149 f 0.000236 
(0.00071 -0.00209) (0.00131 -0.00191) 


Sulfisoxazole 0.106 f 0.030 0.125 f 0.042’’ 
(0.0717 -0.164) (0.0816-0.196) 


Salicylic acid 0.463 f 0.053 0.484 f 0.088 
(0.390-0.573) (0.405 - 0.690) 


a Mean f SD (range), n = 10. Not significantly different from control value 
(Student t test). 


the serum albumin concentration and the free fraction of salicylic acid 
( r  = -0.635, p < 0.005) and sulfisoxazole ( r  = -0.600, p < 0.005). 


DISCUSSION 


Binding of bilirubin to albumin in serum, which is technically difficult 
to determine because it is so extensive (>99%), cannot be predicted by 
the extent of serum protein binding of two other weak acids, salicylic acid 
and sulfisoxazole, a t  least in the rat. There are significant intersubject 
differences in the protein binding of bilirubin, salicylic acid, sulfisoxazole, 
and other drugs in the rat and also in humans (10, 15, 18, 19, and un- 
published data). This fact must be considered in the design and inter- 
pretation of studies on species differences in serum protein binding of 
drugs. 


No apparent relationship between the concentration of albumin and 
the free fraction of bilirubin in serum of rats was found. A similar lack 
of correlation was observed previously with two other extensively albu- 
min-bound compounds, warfarin (18) and dicumarol(20). However, the 


0 


0 


0 0  


I I I 1 I 


0 0.05 0.10 0.15 0.20 
FREE FRACTION (SULFISOXAZOLE) 


Figure 4-Relationship between free froction values of  salicylic acid 
and sulfisoxazole in serum of phenobarbital-treated (0 )  and control 
(0) rats. Correlation coefficient is 0.818, p < 0.001, for combined 
data. 







free fraction values of salicylic acid and sulfisoxazole, which are much 
less extensively protein bound, exhibited a statistically significant neg- 
ative correlation with the concentration of albumin in rat serum. 


Phenobarbital treatment, which is an effective means of lowering the 
serum bilirubin concentration in certain types of unconjugated hyper- 
bilirubinemia (11, 121, has no apparent effect on the serum protein 
binding of bilirubin in rats. This information will facilitate the inter- 
pretation of results of phenobarbital-bilirubin interaction studies in 
normal rats. It remains to be determined if phenobarbital treatment af- 
fects bilirubin binding in the Gunn rat, the most important animal model 
of physiological unconjugated hyperbilirubinemia. 
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Rapid GLC Determination of 
Therapeutic Plasma Glycerin Levels 


THOMAS J. GOEHL", WILLIAM H. PITLICK, 
GERALD K. SHIU, and PICHAI PIRAKITIKULR 


Abstract A new rapid and inexpensive method for the determination 
of therapeutic plasma glycerin concentrations is described. In this 
method, acetic anhydride and pyridine are added to 15 pl of plasma. After 
brief incubation and centrifugation, an aliquot of the supernate is injected 
directly onto the 3% OV-1 column. A linear calibration curve was found 
in the 0.05-3-mglml range, with the precision of the assay estimated to 
be f5.5% ( R S D ) .  The method was used in determining preliminary 
pharmacokinetic data in the rabbit. 


Keyphrases 0 Glycerin-GLC analysis, plasma 0 GLC-analysis, 
glycerin in plasma 0 Hyperosmolar dehydrating agents-glycerin, GLC 
analysis in plasma 


Cerebral edema, or swelling of brain tissue, increases 
intracranial pressure, which, if not medically corrected, 
leads to herniation of brain tissue with irreversible brain 
damage and subsequent death. Deterioration of brain 
function and progressive deepening of coma in acute 
neurologic emergencies are often results of increased 
intracranial pressure due to cerebral edema. Medical 
management is a triad composed of hypothermia, hypo- 
capnea, and hyperosmolar dehydration of cerebral tissues 
(1). Glycerin has been particularly useful for the treatment 
of cerebral edema by hyperosmolar dehydration because 
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of its physical properties, but a lack of clinical knowledge 
has hindered its maximum use (2,3).  


At present, empirical relationships govern the use of 
glycerin in life-threatening situations. The efficacy of 
treatment with glycerin probably could be improved with 
quantitative assessment of glycerin therapy, including 
monitoring of plasma levels. It is now possible, and pref- 
erable, to individualize the dosage regimen for each patient 
based on a desired therapeutic plasma concentration range 
known to produce a desired response. In life-threatening 
situations, such as increased intracranial pressure, it is 
imperative to have rapid assessment of plasma glycerin 
levels for effective therapy. 


Currently, the most commonly used methods for the 
determination of plasma glycerin levels are enzymatic 
(4-11). The first such method (4) was developed for de- 
termining endogenous glycerin levels, normally in the 
5-1'?-pg/ml range. For assaying therapeutic plasma glyc- 
erin levels (milligram per milliliter range) with enzymatic 
methods, it is necessary to find the proper dilution factor 
for each sample, which is both time consuming and ex- 
pensive. Thus, another method was needed that would be 
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Table 11-Elemental Analysis Data for 111-XXIII 
Calc./Found, % 


Compound Formula C H N 
1654116.48 
15.79h5.80 
11.5911 1.70 
14.61/14.73 
19.04/19.06 
20.92/20.99 
17.13h7.33 
17.76117.71 
17.83/11.81 
18.44118.17 
17.69117.43 
14.46/14.42 
15.28/15.20 
16.23/16.04 
17.04117.15 
16.69116.71 
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New Compounds: Synthesis of D- Arabinofuranosylurea Derivatives 


ALBERT M. FLEISCHNER *, JOHN M. CROSS *, 
ALVIN B. SEGELMAN *, and THEODORUS van ES Sx 


Abstract D Procedures are described for the preparation of a series of 
D-arabinofuranosylurea derivatives. 


Keyphrases 0 D-Arabinofuranosylurea derivatives-synthesis described 
0 Ureas, D-arabinofuranosyl-synthesis described 


~ ~~~~ 


The structural resemblance of D-arabinofuranosylurea 
derivatives to nucleosides possessing cytotoxic activity 
such as cytarabine (1) suggested the synthesis of a series 
of these urea derivatives. 


Oxidation of the pyrimidine base in 2’,3‘,5’-tri-(O-ace- 
ty1)uridine or its N3-methyl derivative (2) with perman- 
ganate, ozone, or osmium tetroxide gave, apart from un- 
changed starting material, urea or methylurea and poor 
yields of compounds whose structures were not established 
unambiguously. 


Ureidoglycosides have been formed by an acid-catalyzed 
reaction between monosaccharides and urea (3). Normally, 
this reaction would result in the formation of ureidopy- 
ranosides. For the preparation of ureidofuranosides, pro- 
tected furanose derivatives are required so that pyrano- 


sides are not formed under acidic reaction conditions. 
2’,3’,5’-Tri-(O-benzyl)-~-arabinofuranose and a variety 
of ureas (Table I) were used. This particular derivative 
offered the advantage that the benzyl groups could be re- 
moved by catalytic hydrogenolysis (4) to give the required 
D-arabinofuranosylureas. The urea derivatives were ob- 
tained by heating the benzylated sugar, appropriate urea, 
and acetone (or acetone-water) with sulfuric acid or per- 
chloric acid as a catalyst (5). 


EXPERIMENTAL 


Chemical-ionization mass spectral, with isobutane as the reagent gas, 
and NMR spectra were obtained2. Chemical shift data were measured 
relative to tetramethylsilane as an internal standard and are given in parts 
per million. Evaporations were conducted under diminished pressure 
a t  a bath temperature below 50”. Column chromatography was carried 
out on silica gel (60-200 mesh). 


W-Methyl -2’,3’,5’-tri- (O-aeetyl)uridine-2’,3’,5’-Tri-(O-ace- 


DuPont 21-490F mass spectrograph. * Varian T-60 instrument. 
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ty1)uridine (3.0 g) was dissolved in hot ethylene dichloride (10 ml). To 
the cooled solution was added a solution of diazomethane in ether (100 
ml) prepared from nitrosomethylurea (10 9). The solution was allowed 
to stand at room temperature until no further nitrogen was evolved, and 
then the solution was evaporated to an oil (3.0 9). The oil was applied to 
a silica gel column with methanol-benzene (1:lO) to give the title com- 
pound. 


Anal.-Calc. for C16HZ0N209: C, 50.00; H, 5.46. Found: C, 49.72; H, 
5.31. 
2’,3’p’-Tri-(O-benzyl)-8-~-arabinofuran~ylurea (1)-Procedure 


A-Urea (1.0 g, 0.017 mole), 2’,3’,Y-tri-(O-benzyl)-~-~-arabinofuranose 
(1.0 g, 0.0025 mole), acetone (30 ml), water (10 ml), and concentrated 
sulfuric acid (0.34 g, 0.9% w/w) were heated for 48 hr at 70’ under reflux 
with stirring. The solution was cooled and neutralized with lead car- 
bonate. The suspension was filtered, and the filtrate was evaporated. The 
residue was extracted with chloroform and water, and the chloroform 
extracts were evaporated to yield a syrup (1.2 8). Chromatography of the 
syrup on silica gel with benzene-ethyl acetate (73) yielded I as a syrup, 
which was crystallized from ether (0.13 g). 


Procedure B-The steps were as described under Procedure A, except 
that no water was used in the reaction mixture. The yield of I was 0.28 
g (oil). 


Procedure C-The steps were as described under Procedure A, except 
that 0.9% (w/w) perchloric acid was used as a catalyst instead of sulfuric 
acid. The yield of I was 0.21 g (crystals from ether). 


Procedure D-The steps were as described under Procedure C, except 
that no water was used in the reaction mixture. The yield of I was 0.15 
g (oil). This procedure was used for the preparation of 11-VII. The 
products from Procedures A-D showed identical NMR spectra. 
N-@-D-Arabinofuranosyl-N*-methylurea (VII1)-To a solution 


of I1 (1.94 g) in methanol (500 ml) was added 5% palladium-on-charcoal 
(100 mg). The reaction mixture was hydrogenated at 320 psi for 120 hr 
and then filtered through diatomaceous earth3, and the filtrate was 
evaporated to an oil. The oil was crystallized from methanol to give VIII 
(0.24 g), mp 150”. Compound IX was prepared by the same procedure. 
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3 Celite. 


New Compounds: Total Synthesis of 
dZ- 3a,4,6a-cis- 4- (4-Carboxybutyl) - 
hexahydropyrrolo[3,4-d]imidazol-2-one Hydrochloride 
(dZ- Azabiotin Hydrochloride) 


HENRY C. WORMSER and HANLEY N. ABRAMSON” 


Abstract The total synthesis of dl-3a,4,6a-cis-4-(4-carboxybutyl)- 
hexahydropyrrolo[3,4-d]irnidazol-2-one hydrochloride (dl-azabiotin 
hydrochloride) was accomplished in a seven-step sequence from 2- 
ethoxycarbonylazepin-7-one. 


Keyphrases a Pyrroloimidazolone, substituted-synthesized in 
seven-step sequence 0 Azabiotin-synthesized in seven-step sequence 


Biotin analog-substituted pyrroloimidazolone synthesized in 
seven-step sequence 


Biotin (I), a coenzyme, functions in several significant 
carbon dioxide fixation reactions in the cell. It is involved 
in carboxylation reactions catalyzed by propionyl coen- 
zyme A carboxylase, acetyl coenzyme A carboxylase, pyr- 
uvate carboxylase, and /3-methylcrotonyl coenzyme A 
carboxylase among others. Numerous aspects of the bio- 
chemical role of biotin were reviewed recently (1,Z). 


BACKGROUND 


Several analogs of biotin were synthesized, but few of these compounds 
substituted for biotin as a coenzyme. While biotin methyl ester and 
desthiobiotin show growth-promoting activity equivalent to that of biotin 


in many microorganisms, oxybiotin, biocytin, and biotin sulfoxide exhibit 
only limited activity. Many analogs possess substantial antibiotin ac- 
tivity. 


The fact that carbobiotin (3) and oxybiotin have growth-promoting 
activity qualitatively, although not quantitatively, equivalent to that of 
biotin indicates that the sulfur atom of biotin is not essential for activity. 
The actual role of this sulfur atom has been a matter for debate. Glasel 
(4), on the basis of NMR data, postulated that the sulfur may act as a 
hydrogen acceptor in interactions with the protein component of biotin 
enzymes. This interpretation was challenged by Caplow (5), who pointed 
out that Glasel’s observation could also be accounted for by assuming 
protonation of the ureide moiety. 


However, Olah and White (6). employing conditions that hardly sim- 
ulated biological media, presented unequivocal evidence that the sulfur 
is indeed protonated in magic acid (FS03H-SbF&02). They suggested 
that the sulfur protonation occurs on the side trans to the carboxyl- 
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Degradation Kinetics of a Novel Antimitogenic and 
Antiviral Palladium( 11) Coordination Compound 


ANWAR B. BIKHAZI *x, SARKIS M. ACHAZARIAN *, and HASSAN A. TAYIM * 


Abstract 0 The degradation kinetics of a new organometallic coordi- 
nation compound, aquadichlor0(2,6-diaminopyridine)palladium(11), were 
studied in acidic and acid halide media. In acidic solutions, the degra- 
dation was first order with respect to the complex concentration; e.g., at 
77’, the apparent rate constants at pH 1.00,1.22, and 1.50 were 0.00395, 
0.00292, and 0.00225 min-’, respectively. Furthermore, a plot of log 
(apparent rate constant) uersus pH gave a straight line with an approx- 
imate slope of 0.5, indicating pseudo-first-order catalysis with respect 
to complex concentration at a specified pH. Activation energies obtained 
from Arrhenius plots varied from 43 to 57 kcal/deg/mole for pH 1.00 and 
1.50, respectively. The pH-iadependent activation energy was 15 kcal/ 
deg/mole. In acid halide solutions, utilizing the method of initial rates, 
the degradation was first order with respect to complex concentration. 
A plot of log (initial rate) uersus log (chloride-ion concentration) gave 
a straight line with an apparent slope of 1.0. A plot of log (initial rate) 
versus pH resulted in a straight line with a slope of 0.5. Thus, pseudo- 
first-order catalysis with respect to complex concentration at a specified 
pH and pC1 occurred. When the method of curve stripping was applied 
to the data, a plot of log (complex concentration undegraded) versus time 
resulted in a biexponential relationship; e.g., at pH 1.50,0.10 M chloride 
concentration, and 57O, the biexponential relationship between unde- 
graded complex uersus time giving the best fit to the data was: complex 
concentration = 0.237e-0.065:3t + 2.213e-0-00276f. A general mechanistic 
explanation of the acid- and acid halide-catalyzed degradation of the 
complex is proposed. 


Keyphrases Palladium(I1) coordination compound-degradation 
kinetics in acidic and acid halide media 0 Aquadichloro(2,6-diami- 
nopyridine)palladium(II)-degradation kinetics in acidic and acid halide 
media 0 Coordination compounds-aquadichloro(2,6-diaminopyri- 
dine)palladium(Ir), degradation kinetics in acidic and acid halide media 


Degradation kinetics-aquadichloro(2,6-diaminopyridine)palladi- 
urn(I1) in acidic and acid halide media 0 Stability-aquadichloro(2,6- 
diaminopyridine)palladium(II) in acidic and acid halide media 


The therapeutic significance of organometallic coordi- 
nation compounds as antiviral, antimitogenic, and anti- 
tumor agents gained importance recently (1,2). Different 


theories have been proposed for their mode of action ( 3 4 ,  
but none is fully validated. Previous studies on the 
mechanism of degradation of organometallic coordination 
compounds were concerned with thermal stability, acid 
and base catalysis, anation, and other substitution reac- 
tions (6-21). 


The present paper reports a study of the stability of 
aquadichloro(2,6-diaminopyridine)palladium(11)~ in acidic 
and acid halide media and calculation of rate constants, 
pseudo-order constants, activation energies, and equilib- 
rium constants. Furthermore, general mechanistic expla- 
nations of the catalytic reactions are proposed. 


EXPERIMENTAL 


Synthesis of Aquadichloro(Z,6 - diaminopyridine)palladium(II) 
-The procedure followed was reported recently (20). 


Standard Curves-Appropriate dilutions of the coordination com- 
pound and its ligand Z$-diaminopyridine were prepared in acidic, neu- 
tral, and basic media. The UV spectra were recorded on a UV spectro- 
photometer2, and the A,,, was determined. Standard solutions of the 
complex and the ligand were then prepared in their corresponding media 
and assayed spectrophotometrically using appropriate blanks. The molar 
absorptivities (cf”0) calculated from the standard curves are reported 
in Table I. 


Analytical Procedures-Solutions of both the ligand and the com- 
plex were prepared in various aqueous media a t  different pH values. 
Spectral interference between the ligand and the complex were noted 
for possible use as an analytical assay procedure for the complex and/or 
the ligand in the presence of one another. At A,,, 340 nm, the complex 
and the ligand did not interfere in basic media (Table I). Therefore, for 


Previously referred to in the literature as palladium dichloride [2,6-diami- 
no yridine)-H20. 


?Model 202, Perkin-Elmer Corp., Norwalk, Conn. 
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Table I-Estimated A,,, Values and Molar Absorptivities (€Em) 
of the Ligand and the Complex in Acidic and Basic Media 


M Compound Medium Amax, nm C I  cm 


Ligand Acid, pH 1-2 332 13,550 
243 9,000 


Base, pH 11 240 7,600 
304 7.325 
340 0 


Complex Acid, pH 1-2 Unstable - 
Base, pH 11 340 4,270 


304O 3,590 


(I At nm, complex showed no maximum; crpm at 304 was calculated from 
absorbance. 


stability studies in acidic media, the samples were made basic and read 
at  A,,, 340 nm for the undegraded complex. Thus, the following rela- 
tionship is proposed: 


(Eq. 1) 


where A is the absorbance, and cRm is the molar absorptivity as reported 
in Table I. Therefore, it is possible to calculate the absorbance of the 
complex at  304 nm once tFCm (340 nm) and eFcm (304 nm) are known; the value 
of A340 nm of the complex is experimentally determined in basic media. 
This procedure allowed for the analysis of both the ligand and the com- 
plex in the presence of one another in any reaction mixture. 


Acid Catalysis Procedure-A saturated solution of the complex (7.35 
X M) was prepared in double-distilled water and then diluted in the 
corresponding acidic medium (30 ml total volume in the reaction flask), 
with absorbance values ranging between 0.1 and 1.0 a t  the specific A,,,. 
The reaction flask was preequilibrated at the desired temperature 
(37-77') in a thermostatically controlled water bath. 


After thermal equilibration was completed, the desired quantity of acid 
was added to the mixture for the initiation of the reaction. The zero time 
was immediately recorded, and a 2-ml sample was withdrawn from the 
reaction flask. The sample was transferred into a precooled test tube in 
crushed ice for reaction quenching. Samples were similarly withdrawn 
at  different time intervals. At the end of the experiment, 2.0-6.0 ml of 
0.1 N sodium hydroxide solution was added to the 2.0-ml samples to make 
the final pH basic. The samples were then spectrophotometrically assayed 
as discussed under Analytical Procedures. 


Equilibrium Studies-Acid catalytic reactions were allowed to reach 
equilibrium as spectrophotometrically observed. The following mathe- 
matical relationships were deduced from the reaction mechanism pro- 
posed under Discussion: 


A340nm = A304nm 


em (340nd 
M M 


61 cm (304 nm) 


(Eq. 2) 


where Pd(X2)L represents the complex, X is chloride, and L is 2,6-di- 
aminopyridine. When [Pd(HzO),] = [LHi2+], then: 


Acid Halide Catalysis Procedure-The halides included chloride 
and bromide ions. Experiments with iodides and fluorides were not 
possible because iodides liberated iodine and fluorides liberated hydrogen 
fluoride gas in acidic media. The procedure for acid halide catalysis was 


30 60 90 110 
MINUTES 


Figure 1-Semilogarithmic plot of complex concentration undegraded 
X M versus t ime in minutes i n  acid catalysis experiment a t  p H  1.0 
(thermal stability s tudy) .  Key: V, 57'; 0,67'; A, 72'; and 0, 77'. 


Table 11-Calculated Rate Constants in Acid Catalysis of 
Complex while Varying pH and Temperature and Keeping 
Complex Concentration Constant 


Rate Constant, Rate Constant, 


Temperature pHa min-1 liters/mole/min 
k&sb x w3, k H C  X w3, 


77' 1.00 3.95 ~ .. 


11' 1.22 
77O 1.50 


2.92 
2.25 


72' 1.00 2.35 
72' 1.22 1.97 
72' 1.50 1.35 


12.7 


8.0 


67' 1.00 1.67 
67' 1.22 1.10 6.25 
67' 1.50 0.83 


a The pH measurement at the end of the experiment a t  25". * Calculated from 
Calculated from slope of lines on semilogarithmic plots, and kobs = kH Hf 0.5 


slope of lines on rectangular plots when kobs uersus [H I d '  lo. is drawn. 


basically the same as that described under Acid Catalysis Procedure. 
However, to assess the effect of the halide ion, perchloric acid was used 
to acidify the solution; the perchlorate ion has no catalytic effect on the 
reaction. 


Therefore, to the preequilibrated stock solution of the complex in the 
water bath, a pipetted quantity of a concentrated solution of halide ions 
was added. The final halide-ion concentration in the reaction mixture 
varied from 3.3 X 10-3 to 10-1 M ,  depending on the experiment. Then, 
the required amount of concentrated perchloric acid was added, and 
sampling was exactly the same as described under Acid Catalysis Pro- 
cedure. Both the chloride and bromide ions showed identical effects on 
the reaction process, so sodium chloride was used as the halide source. 


Calculations and Data Treatment-The theory proposed for acid 
catalysis is based on the following reaction mechanism of the complex: 


Pd(X2)L + 4Hz0 + 2H+ F= Pd(Hz0)4'+ + 2X- + LHz2+ 
Scheme I 


The general rate equation for the acid catalytic process is written as: 


where k ( ~ )  represents the true rate constant for hydrogen-ion catalysis, 
brackets denote concentration, and the superscripts p ,  rn, and n refer 
to the order of the reaction with respect to water, hydrogen-ion, and 
complex concentrations, respectively. It is generally assumed that [HzO] 
and [H+] are constant in the reaction mixture. Thus, Eq. 4 is reduced to 
the following general pseudo-order rate equation: 


d[Pd(Xz)L1 = k,b,[Pd(Xz)L]" 
dt  (Eq. 5) 


where: 


Equation 6 can be written as: 


0:8 1:O 1.2 1.4 1.6 
PH 


Figure 2-Semilogarithmic plot of kohr X 10+ in minutes-' versus DH 
in acid catalysis experiment-at different temperatures. Key: W, 67": A, 
72'; and e, 77". 
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Figure 3-Arrhenius plot for acid catalysis experiments a t  different 
p H  values. Key: ., pH 1.50; A, pH 1.22; and @, pH 1.0. 


The following Arrhenius relationship is used in the thermal stability 
studies in acidic media of the complex: 


(Eq. 8) 


where A is the Arrhenius constant, R is the gas constant, AH is the acti- 
vation energy of the reaction, and T is the temperature in absolute de- 
grees. 


The reaction mechanism proposed for acid halide catalysis is: 


Pd(X2)L + H20 + 2X- + 2H+ + Pd(X4)'- + LH22' 
Scheme I I  


Therefore, the general rate equation for acid halide catalysis is written 
as: 


where Iz(~)<ci) represents the true rate constant for hydrogen-ion-chloride 
catalysis. The method of initial rate is proposed in the treatment of the 
data. This method is used by keeping two out of the three variable species 
in the reaction mixture constant. Then, a plot of log (initial rate of com- 
plex degrading) versus log (species concentration) results in a straight 
line with a slope p', m', or n', depending on which species in the reaction 
is the variable. 


Since the data on acid halide catalysis did not fit a zero-, first-, second-, 
or higher order process, such a complicated mechanism possibly fits a 
biexponential relationship. This relationship was found to agree with the 
results when log [Pd(X2)L] versus time was plotted semilogarithmically 
according to Eq. 10 


(Eq. 10) 


where A and B represent concentration terms, which at  time ( t )  zero 
would add up to the initial complex concentration; and a and /3 stand for 
the complicated rate constants of the reaction and are possibly functions 
of chloride- and hydrogen-ion concentrations. The method of curve 
stripping allows the calculations of both a and /3, 


[Pd(XZ)L] = Ae-aL + 


z I 


J 
n 
I 
8 1.5 


0 30 60 90 120 
MINUTES 


Figure 4-Semilogarithmic plot of complex concentration undegraded 
X M versus time in minutes in acid catalysis experiment a t  pH 1.0 
and 57O while varying the initial complex concentration. Key: A, 2.45 
X lo-* M; and @, 3.06 X M. 


w 
J 


1.1 I4 
0 1 2 3 4 


HOURS 


Figure 5-Plot of complex concentration X M versus time in hours 
in acid halide catalysis experiment a t  chloride-ion Concentration of lo-' 
M and 57' while varying the pH. Key: V, pH 2.20; @, pH 1.50; A, p H  
1.3O;and .,pHl.l. 


RESULTS 


Acid Catalysis-The three variables influencing the acid catalytic 
mechanism of the complex are the complex concentration, pH, and 
temperature. Therefore, this catalytic mechanism was studied as a 
function of each variable. For example, Fig. 1 represents a plot of the 
logarithm of complex concentration remaining in the reaction mixture 
versus time in a system where the initial complex concentration and the 
pH were constant, the only variable being the temperature. Linearity is 
observed in the plots for all systems when complex concentration uersus 
time is plotted semilogarithmically (Table 11). 


Figure 2 is a graphical illustration of Eq. 7 for a plot of log kobs versus 
pH of the data as reported in Table 11. The average slope of the lines was 
0.5 and equal to m in Eq. 7 .  


Figure 3 is the Arrhenius plot of log kobs versus reciprocal temperature 
(in absolute degrees) of the data presented in Table 11. The activation 
energies calculated from the slopes of the lines were 43 kcal/deg/mole at 
pH 1.00,50 kcal/deg/mole at  pH 1.22, and 57 kcal/deg/mole at pH 1.50. 
The variation in the activation energies is explained on the basis that the 
rate constants are pH dependent. Also, when the data of k H  reported in 
Table I1 were plotted as log kH versus reciprocal temperature, a straight 
line resulted. The slope of this linear plot made it possible to calculate 


P 


z 
0' 


X 


l- a 
.0- 


1.5. 
w 
-I n 
I 
8 


1.14 , , , , , , 
0 1 2 3 4 5 6 7  


HOURS 


Figure 6-Plot of complex concentration X lo-' M versus time in hours 
in acid halide catalysis experiment at p H  1.1 and 47O while varying the 
chloride-ion concentration. Key: ., 3.3 X M; V, 1 X loT2 M; A, 
3.3 X lop2 M; and @, 1 X lo-' M. 
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Figure 7-Plot of complex concentration X M versus time in 
minutes in acid halide catalysis experiment a t  pH 1.1,57', and a chlo- 
ride-ion concentration of lo-' M while varying the initial complex 
concentration. Key. V, 1.84 X 
M; and A, 3 7 X 


an activation energy of around 15 kcal/deg/mole, which is pH indepen- 
dent. 


Figure 4 shows the effect of varying the complex concentration on the 
reaction mechanism. The semilogarithmic plots are linear and parallel. 
Thus, the data reported so far supported the fact that the reaction 
mechanism is hydrogen-ion catalyzed and pseudo-first order with respect 
to complex concentration. Therefore, Eq. 4 can be written as: 


M; ., 2.45 X M; e, 3.07 X 
M. 


d[Pd(Xz)L1 = km)[H+]o.5[Pd(X2)L]1 0%. 11) 
Equilibrium Studies-The calculated K,, values utilizing Eq. 3 were 


1.475 X lop4 at pH 1.10,0.574 X at  pH 
1.70. Thus, the K,, values are dependent on hydrogen-ion concentration. 
Therefore, a normalized K, value was calculated by dividing the calcu- 
lated K,, value by the hydrogen-ion concentration. These normalized 
values are 1.69 X at  pH 1.50, and 1.70 X lo-:% 
at pH 1.70. The normalized values are almost equal and are independent 
of the hydrogen-ion concentration. 


Acid Halide Catalysis-The results of the acid halide catalysis de- 


Table 111-Estimated Initial Rates of Degradation of Complex in 
Acid Halide Media while Keeping Temperature, pH, and 
Complex Concentration Constant 


dt 


at pH 1.50, and 0.325 X 


at pH 1.1,1.77 X 


Initial 


pH Temperature Concentration, M Mlmin 


1.10 47O 0.10 16.2 
47" 0.033 6.57 
47 O 0.010 2.43 
57O 0.10 60.0 
57O 0.033 23.2 
57 O 0.010 9.08 
57O 0.10 32.5 
57" 0.033 11.5 
57 O 0.010 5.18 
67" 0.10 85.0 
67" 0.033 34.3 
67 O 0.010 14.0 


Chloride-Ion Rate X lom7, 


Table IV-Estimated Initial Rates of Degradation of Complex in 
Acid Halide Media while Keeping Temperature (57"), Chloride 
Concentration, and Complex Concentration Constant 


PH Initial Rate X M h i n  
1.1 60.00 
1.3 43.00 
1.5 32.50 
2.2 13.40 
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Figure 8-Semilogarithmic plot of estimated initial rates X 10-7 in 
Mlmin versus pH in acid halide catalysis experiment at 57O and a 
chloride-ion concentration of 10-1 M. Key: V, pH 2.20; ., p H  1.50; A, 
pH 1.30; and 0,  p H  1.10. 


pended on the following: (a) the effect of varying the hydrogen-ion con- 
centration on the degradation mechanism of the complex while keeping 
the initial complex concentration, chloride-ion concentration, and tem- 
perature constant; ( b )  the effect of varying the chloride-ion concentration 
while keeping the concentration of the other variables constant; and (c) 
the effect of varying the complex concentration while keeping the con- 
centrations of the other two variables constant. 


Figures 5-7 represent these studies when complex concentration is 
plotted versus time on rectangular coordinates. The initial slopes of the 
plots are calculated and presented in Tables I11 and IV. Figure 8 repre- 
sents a plot of log initial rate versus pH of the data in Tables I11 and IV. 
The slope of the line was 0.5 and equal top' in Eq. 9. Figure 9 shows the 
log-log plot of initial rate uersus chloride concentration at different 
temperatures as given in Table 111. The averaged slope of the lines was 
around 1.0 and equal to m' in Eq. 9. Similarly, Fig. 10 is a log-log plot of 
initial rate uersus complex concentration. The slope of the line was 1.0 
and equal to n' in Eq. 9. Therefore, Eq. 9 can be written as: 


Curve-Stripping Procedure and Residuals-Figure 11 is a semi- 
logarithmic plot of three sets of data for acid halide catalysis. The biex- 
ponential shape of the curves is mathematically supported by Eq. 10; 
therefore, at t large and when a >> 8, the slope is estimated to be 0. The 
value of CY is then obtained by extrapolation of the linear portion of the 
plot fitting Be-Bt. Therefore, subtracting the subsequent values, at t 
small, of the extrapolated line from the values of the curved portion of 
the plot would give residual values. Thus, Eq. 10 is rearranged to give: 


residual = [Pd(Xz)L] - Be-Bt = Ae-"' (Eq. 13) 


2 
0.0030.005 0.01 0.02 0.05 0.10 


CHLORIDE-ION CONCENTRATION, M 


Figure %--,!,og-k~g plot of estimated initial rates X in Mlmin 
versus chloride-ion concentration in M in acid halide catalysis experi- 
ment while varying pH and temperature. Key: e, pH 1.1,47O; A, pH 
1.5,57'; B, pH 1.1,57'; and V, pH 1.5, 67". 
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0!4 0.6 1.0 2.0 3.0 4.0 


COMPLEX CONCENTRATION X lo-', M 


Figure 10-Log-log plot of estimated initial rates X lo-? in Mlmin 
versus complex concentration X M in acid halide catalysis er-  
periment a t  pH 1.1,57", and a chloride-ion concentration of 10-I M 
while varying initial complex concentration. Key: 0,  1.84 X M; A, 
2.45 X 10-4 M; W, 3.07 X M; and V, 3.7 X 1 0 - 4  M. 


0.15- 


A semilogarithmic plot of residuals versus time, t ,  gave straight lines with 
slopes equal to (Y (Fig. 11). Table V gives the values of a, 8, A ,  and I3 for 
the experiments on acid halide catalysis as calculated by the curve- 
stripping method. I 


DISCUSSION 


The present study explained the mechanism of degradation of aqua- 
dichloro(2,6-diaminopyridine)palladium(11) in acidic and acid halide 
media. For acid catalysis, an overall order of 1.5 with respect to the re- 
acting species in the reaction mixture was observed. The calculated ac- 
tivation energies revealed an extremely sensitive process with acid ca- 
talysis. The general reaction mechanism for acid catalysis can he proposed 
as occurring in two steps, a possible aquation reaction (Scheme 111) and 
acid catalysis (Scheme IV). 


The acid halide catalysis process had an overall order of 2.5 with respect 
to the reacting species. It was also demonstrated by the curve-stripping 
method that a biexponential relationship easily fit the results. For ex- 
ample, from Table V, when the pH is 1.50, T is 57", chloride concentration 
is lo-' M, and [Pd(Xz)LIt=o i s  2.45 X M ,  the following relationship 


H\ /H H\ /H 


H\ /H 


H' \€I 


Scheme III 


H/ \H 
X=C1 or H,O 


Scheme IV 


+ 
+ HpwNH: 


s 
? '  2.504 


0.354 


0.30 h 
52 
y 0.20 
U 0 . 2 5 k  


applies as the solution to the data: 


[Pd(Xz)L] = 0.237e-0.0653t + 2.213e-0.00276t (Eq. 14) 


The  proposed general reaction mechanism for acid halide catalysis is 
shown in Scheme V. 


The coordination compound was reported to have antimitogenic and 
antiviral effects (20). Therefore, the chloride ligands are assumed to be 
displaceable while 2,6-diaminopyridine is a carrier ligand (5). The bi- 
dentate cis-complex must he employed, since the monodentate cis- 
complex can racemize into the thermodynamically more stable trans- 
configuration. Thus, the cis-configuration was postulated as necessary 
for activity (5), although it may not be stable. 


A serious study of the stability of such complexes in the cis-configu- 
ration form is important for the understanding of their behavior in bio- 
logical fluids. For example, the rate of chloride release and subsequent 
hydration of the complex molecule have been reported to he important 
steps in the mechanism of action. The chloride-ion concentration envi- 


H' 'H 


1x1- 
PdC1,'- 


Scheme V 
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Figure 11-Top: Semilogarithmic plot of complex concentration X 
M undegraded versus time in minutes in acid halide catalysis experi- 
ment at pH 1.5 and 67” while varying the chloride-ion concentration. 
Key: V, 1 X M; B, 3.3 X 10-2 M; and 0 ,  1 X 10-’ M. Bottom: 
Semilogarithmic plot of residuals X ZO-4 M versus time in  minutes in 
acid halide catalysis experiment at pH 1.5 and 6 7 O  while varying the 
chloride-ion concentration and utilizing Eq. 10. Key: V, 1 X M; 
U, 3.3 X lO-’M; and 0, 1 X 10-I M. 







Table V-Calculated Values of A, B, a, and B Utilizing the 
Curve-StriDDine Procedure for  Acid Halide Catalssis 


Tem- - ____ 
pera- [Cl-1, x 10-3, p x 10~4 ,  


pH ture M A , M  B, M min-' min- 


1.10 


1.50 


37O 
37O 
470 
47O 
47" 
57" 
57O 
57O 
570 
57O 
57O 


0.10 
0.033 
0.10 
0.033 
0.01 
0.10 
0.033 
0.01 
0.10 
0.033 
0.01 


0.127 
0.127 
0.175 
0.175 
0.175 
0.262 
0.262 
0.262 
0.237 
0.237 
0.237 


2.323 
2.323 
2.275 
2.275 
2.275 
2.188 
2.188 
2.188 
2.213 
2.213 
2.213 


16.8 
8.1 


84.75 
21.9 
10.76 


154.0 
49.8 
23.5 ~~ ~ 


65.3 
27.9 
16.6 


9.2 
3.64 


24.2 
8.7 
3.4 


58.34 
21.50 
9.67 


27.6 
13.0 
5.76 


67' 0.10 0.322 2.128 130.0 50.7 
67' 0.033 0.322 2.128 60.7 31.7 
67' 0.01 0.322 2.128 23.7 14.7 


ronment in the extra- and intracellular fluids can be a good justification 
for the alteration of anionic release and, therefore, activity. 
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Microbiological Turbidimetric Methods: 
Linearization of Antibiotic and Vitamin Standard Curves 


F. KAVANAGH 


Abstract Procedures were devised to linearize the usually curved 
calibration lines for turbidimetric microbiological assays. Three new 
equations relating concentration of drug and turbidity are described; two 
are for antibiotic assays and one for vitamin assays. One equation is for 
antibiotic assays employing Klebsiella pneumoniae as the test organism. 
The accuracy of interpolation from the three equations was studied by 
means of appropriate mathematical models based on erythromycin, 
chlortetracycline ( K .  pneumoniae), and cyanocobalamin assays. The 
accuracy of the new expressions was significantly superior to those used 
previously, and they are of general applicability. 


Keyphrases Microbiological turbidimetry-antibiotic and vitamin 
assays, procedures devised to linearize curved calibration lines Tur- 
bidimetry-microbiological antibiotic and vitamin assays, procedures 
devised to linearize curved calibration lines Antibiotics-microbio- 
logical turbidimetry assays, procedures devised to linearize curved cali- 
bration lines 0 Vitamins-microbiological turbidimetry assays, proce- 
dures devised to linearize curved calibration lines 


Nonlinear standard curves are much more common than 
straight lines in microbiological turbidimetric assays for 
growth-promoting substances and antibiotics. The non- 
linear calibration line is particularly important in high 
accuracy assays because of the difficulty of obtaining 


sample potencies from it with negligible computational 
error. High accuracy assays are now possible not only from 
the automated system previously described (1) but also 
from manual assays. Therefore, the old practice of drawing 
a "best" straight line through the points of the standard 
line is no longer appropriate because the line, in reality, is 
curved. Approximating the slightly curved antibiotic lines 
by straight-line segments (2 ,3)  causes a small computa- 
tional error. 


Procedures for straightening both the antibiotic lines 
and the often more strongly curved vitamin lines are de- 
scribed in this report. Antibiotic lines will be considered 
separately from vitamin lines because they have different 
theoretical bases and the procedures have different prin- 
ciples. 


Since an equation that truly fits a calibration line is not 
known, the line can only be approximated. The approxi- 
mation can be fairly accurate when calibration points are 
close together. However, if the dose line can be linearized, 
fewer calibration points are needed to obtain the same 
accuracy of approximation. The aim of the present study 
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Fluorometric Determination of Methyldopa in 
Biological Fluids 


BONG K. KIM and ROBERT T. KODA” 


Abstract A fluorometric method for the analysis of methyldopa, based 
on the formation of a fluorophore after oxidation and rearrangement, is 
described. The drug is isolated from biological fluids by adsorption on 
alumina and elution with an organic solvent. Fluorescence is linear from 
0.1 to 1.5 pg of methyldopa/ml. The assay has a lower limit of sensitivity 
of 100 ng/ml and is suitable for pharmacokinetic studies following ther- 
apeutic doses in animals and humans. 


Keyphrases 0 Methyldopa-fluorometric analysis, biological fluids 0 
Fluorometry-analysis, methyldopa in biological fluids 0 Antihyper- 
tensive agents-methyldopa, fluorometric analysis in biological fluids 


Methyldopa is a widely used antihypertensive agent 
with sedative and aromatic L-aminodecarboxylase-in- 
hibiting properties (1-7). Methods to analyze the drug in 
pharmaceutical preparations and biological fluids have 
utilized visible spectrophotometry (8,9), GLC (lo), high- 
pressure liquid chromatography ( l l ) ,  and fluorometry (12, 
13). In addition, tracer methodology has been used for 
metabolic and disposition studies (14,15). 


Fluorometric methods have been primarily based on the 
production of a fluorescent indole derivative (lutin) by 
oxidation and subsequent rearrangement. This technique 
has also been applied to estimate catecholamines and re- 
lated compounds (16). Existing fluorometric methods 
appear to be insufficiently sensitive for the determination 
of drug levels in biological fluids. 


This paper describes an improved analytical method in 
which methyldopa is adsorbed on alumina, eluted with an 
organic solvent, and then oxidized to form the fluorophore, 
dihydroxyindole. The establishment of optimal conditions 
for maximal fluorescence resulted in an increased sensi- 
tivity for estimating methyldopa in biological fluids. The 
method has provided increased sensitivity, consistency, 
and reproducibility. 


L 
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Figure 1-Stability of methyldopa oxidation product. 
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MINUTES 
Figure %-Stability of fluorophore of methyldopa fotlowing oxidation 
and rearrangement. 


EXPERIMENTAL 


Apparatus-All fluorescence measurements were made using a 
spectrophotofluorometerl. Microphotometer sensitivity was set at 30 with 
multiplier positions ranging from 0.01 to 0.1. 


Reagents-All chemicals and solvents were analytical reagent grades, 
and freshly distilled water was used. All glassware was rinsed with 10% 
nitric acid and distilled water. Alumina2 was reactivated by refluxing in 
2 N HC1, washing with distilled water until the pH was 3.5-4, and drying 
at  250-300’. Methyldopa was used as received&. 


The phosphate buffer was prepared by adding 0.1 M dibasic sodium 
phosphate containing 0.1% edetate sodium to 0.1 M monobasic sodium 
phosphate containing 0.1% edetate sodium. 


Analytical Procedure-Blood samples were collected in heparinized 
tubes containing 15 mg of sodium metabisulfite. The blood was centri- 
fuged immediately, and the plasma was separated and frozen until as- 
sayed. Aliquots of biological fluids (0.1-1.0 ml) were placed in screw- 
capped test tubes, and 4-5 ml of 0.4 N perchloric acid was added. After 
shaking for 5 min, the precipitated protein was separated by centrifu- 
gation. 


A specific volume (1-5 ml) of the supernate was transferred to a 
screw-capped test tube containing 0.5 g of activated alumina and 0.25 
g of edetate sodium. The mixture was adjusted to pH 8.5-8.6 with 1 N 
sodium carbonate with constant stirring, and shaking was continued for 
an additional 5 min. The alumina was allowed to settle, and then the 
supernate was aspirated and discarded. The alumina was washed twice 
with 5 ml of distilled water, and the washings weTe discarded. The ad- 
sorbed methyldopa was eluted by vigorously shaking the washed alumina 
for 15 min with 6 ml of acetone-formic acid (8515). 


The alumina suspension was centrifuged, and 5.0 ml of the supernate 
was transferred to a test tube and evaporated under a nitrogen stream 
at 40°. The dried residue was dissolved in 1 ml of pH 6.5 phosphate buffer. 
Then 0.1 ml of ethanol, 0.05 ml of 0.2% zinc sulfate, and 0.05 ml of 0.1% 


1 Aminco-Bowman, American Instrument Co. 


3 Courtesy of Merck Sharp & Dohme Laboratories 
Woelm Neutral Activity Grade 1. 


1632 1 Journal of Pharmaceutical Sciences 







W “1 h 


1.5 


0.5 0.0 1 .o 


-0.5 
-1 .o 
-1.5- 


I 
380 400 420 440 460 480 500 520 540 560 


WAVELENGTH, nrn 


:/:i’\\ 
- 


’ ’ I I ’ 


Figure 3- Wauelength maxima for excitation (left) and emission 
(right) of methyldopa fluorophore. 


potassium ferricyanide were added, and the mixture, after shaking, was 
allowed to stand for 6 min at  room temperature. After the reaction, 0.5 
ml of 5.0 N NaOH-1% ascorbic acid (91) was added, and the solution was 
allowed to stand at  room temperature for an additional 40 min. The 
fluorescence was measured at  an excitation wavelength of 400 nm and 
an emission wavelength of 510 nm. 


Plasma samples with added known amounts of methyldopa were an- 
alyzed, and a standard curve of fluorescence versus concentration was 
determined. Control plasma and urine samples were analyzed to assess 
background fluorescence arising from fluorescent materials in biological 
fluids. Other commonly used antihypertensive agents such as guaneth- 
idine, hydralazine, propranolol, polythiazide, and reserpine were added 
to methyldopa samples to determine interference. 


RESULTS AND DISCUSSION 


Methyldopa is selectively adsorbed on activated alumina and is eluted 
under acidic conditions. Catecholamines have similar characteristics, 
but the methyldopa concentration under therapeutic conditions was 
usually many hundredfold greater than the endogenous catecholamine 
levels. The major metabolites of methyldopa, 3-0-methylmethyldopa 
and methyldopa 0-sulfate, were not adsorbed on alumina at pH 8.5-8.6 
and thus were separable from the parent compound (17,18). 


Anton and Sayre (19) studied factors affecting alumina adsorption of 
trihydroxyindole for the analysis of catecholamines and reported that 
pH adjustment of sample solutions containing alumina and edetate so- 
dium and the pH of the eluting solvent were critical variables. In pre- 
viously reported catecholamine assays, sodium hydroxide and potassium 
carbonate solutions were used for the adjustment of sample solution pH 
(19,20). Methyldopa is rapidly destroyed in solutions of high pH, and 
the recovery is poor when using sodium hydroxide. Potassium carbonate 
precipitates perchloric acid from solution as potassium perchlorate, with 
some drug coprecipitating. Sodium carbonate solution gave improved 
re s u 1 t s . 


Previously reported methods used 0.01 N HClOI and 0.5 N acetic acid 
to elute the adsorbed methyldopa from alumina (19,21,22). The method 
reported here, with an acetone-formic acid (8515) mixture, gave im- 
proved recovery of adsorbed drug. Plasma samples spiked with 0.1,0.5, 
and 1.0 pg of methyldopa gave average recoveries (five determinations) 
of 83.3 f 2.7,86.0 f 1.6, and 91.6 f 1.4%, respectively. 


The oxidation of methyldopa to a chromophoric species was accom- 
plished using potassium ferricyanide at pH 6.5. This oxidation was further 
improved by the addition of 0.1 ml of ethanol and 0.05 ml of 0.2% zinc 
sulfate. 
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Figure 4-Computer-drawn (SPEAKEZ) plasma leuel-time profile 
following a 300-mg oral dose of methyldopa in a rabbit. 


Table I-Analysis of Methyldopa in the Presence of Other 
Antihypertensive Drugs 


Fluorescence b ,  
Mixture“ Arbitrary Units 


Methyldopa 6.2 f 0.3 
Methyldopa-guanethidine sulfate 6.3 f 0.2 
Methyldopa-hy dralazine 6.1 f 0.4 
Methyldopa-propranolol 6.0 i 0.3 
Methyldopa-polythiazide-reserpine 6.1 f 0.2 


pg of reserpine. b Mean of four assays f SD. 
a Methyldopa 5 pg, and 20 mg of other drugs except 2 pg of polythiazide and 0.25 


The oxidation reaction was completed within 5 min, and the product 
was stable up to 8 rnin (Fig. 1). In the reported method, 6 min eras chosen 
as the oxidation reaction time. The formation of the fluorophore was 
completed within 40 min after the addition of ascorbic acid-sodium hy- 
droxide and was stable up to 70 min (Fig. 2). The wavelength maxima of 
excitation and emission were 400 and 510 nm, respectively (Fig. 3). The 
standard curve of relative fluorescence uersus concentration was linear 
over the concentration range of 0.1-1.5 pg/ml. The lower limit of sensi- 
tivity was 100 ng/ml. A t  this concentration, the sample fluorescence was 
at least twice that of the background. Below this concentration, the re- 
producibility of the analytical method was variable. 


The applicability of the assay to clinical studies was demonstrated by 
determining the plasma concentration-time curve of methyldopa in a 
fasted rabbit after a single oral dose of 300 mg of methyldopa. The results 
were treated by a SPEAKEZ nonlinear computer program (Fig. 4). Urine 
samples were collected for 24 hr and assayed; 91.2 mg of free drug (30%) 
was excreted in 24 hr. 


Experiments in which methyldopa was not separated from plasma or 
urine showed significant interference. Other widely used antihypertensive 
agents (e.g., guanethidine sulfate, hydralazine, propranolol, polythiazide, 
and reserpine) did not interfere in this assay (Table I). This fluorescence 
method is rapid and simple for the determination of methyldopa in bio- 
logical fluids and is applicable for pharmacokinetic studies in animals 
and humans. 
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GLC Determination of N,N- Dimethylaniline in Penicillins 


MICHEL MARGOSIS 


~ 


Abstract A reliable GLC procedure was developed for the determi- 
nation of residual N,N-dimethylaniline as a contaminant in ampicillin 
commercial samples from various sources. This procedure was similarly 
applied to other penicillins and cephalosporins. The method involves 
dissolution of the sample in aqueous alkali, extraction of the organic base 
with cyclohexane containing naphthalene as an internal standard, and 
injection into a gas chromatograph with a phenyl methyl silicone column. 
Levels of 0.1 ppm of dimethylaniline were easily measured with a coef- 
ficient of variation less than lo%, and recoveries from spiked samples 
exceeded 99%. 


Keyphrases N,N-Dimethylaniline-GLC analysis in various peni- 
cillins and cephalosporins, commercial samples 0 Penicillins, various- 
GLC analysis of N,N-dimethylaniline as contaminant in commercial 
samples 0 Cephalosporins, various-GLC analysis of N,N-dimethyl- 
aniline as contaminant in commercial samples GLC-analysis, 
N,N-dimethylaniline in various penicillins and cephalosporins, com- 
mercial samples 0 Contaminants-N,N-dimethylaniline, GLC analysis 
in various penicillins and cephalosporins, commercial samples Anti- 
bacterials-various penicillins and cephalosporins, GLC analysis of 
N,N-dimethylaniline as contaminant in commercial samples 


The premarketing certification process assures that each 
bulk and dosage form batch of antibiotics intended for 
human use complies with the specifications of proposed 
and established standards for identity, potency, quality, 
and purity. 


The Code of Federal Regulations provides for Good 
Manufacturing Practices (GMP) in the production of 
pharmaceuticals. The direction to “. . . minimize con- 
tamination of products by extraneous adulterants . . .” (1) 
applies also to residual reagents that may exhibit unde- 
sirable properties such as toxicity or carcinogenicity during 
antibiotic therapy and/or possible accumulation from 
other drugs. 


Ampicillin, a semisynthetic penicillin, has been syn- 
thesized through diverse routes (2) by using 6-aminopen- 
icillanic acid (11) as an intermediate and an organic base 
such as N,N- dimethylaniline (I) to abstract generated 
hydrogen chloride, the presence of which inhibits the 
synthesis. 


Although gross contaminations can normally be de- 
tected by the general analytical techniques employed in 
certification, trace impurities are often too elusive. As the 
Food and Drug Administration became increasingly aware 
of the adventitious presence of residual dimethylaniline 
in ampicillin, the GLC method was developed to ascertain 
the extent of the problem. The pharmacological properties 


of dimethylaniline have not been fully elucidated, but it 
seemed advisable to limit its presence because of its du- 
bious nature and possible carcinogenicity. 


This report presents and discusses a GLC method’ for 
the analysis of residual dimethylaniline in ampicillin and 
its applicability to survey-related antibiotics. 


EXPERIMENTAL 


Apparatus-A gas chromatograph2 was fitted with an inlet system 
modified to accommodate a one-piece glass column directly from the site 
of injection, as described previously (3), and with a flame-ionization 
detector. It was used together with a 1-mv range strip-chart recorder. The 
instrument was also equipped with individual controls, allowing for 
separate heating of the inlet, column, and outlet. Peak area measurements 
were made with a digital electronic integrator3. 


A glass column, 1.9 m (6 ft) X 2 mm id., was packed with 3% of a 50% 
phenyl-substituted methyl silicone on silanized, acid-washed, flux cal- 
cined diatomite4. 


Typical Conditions-The gases were hydrogen at 1.55 kg/cm2 (22 psi) 
and air at  2.11 kg/cm2 (30 psi) adjusted to obtain maximum response and 
helium at  3.52 kg/cm2 (50 psi) with a flow rate of about 30 ml/min. The 
temperatures were column, 60”; and injector and detector, about 150”. 
The column temperature and carrier flow rates were adjusted to obtain 
the first peak preferably within 5 min and complete resolution of the 
peaks. The current was 2 X 10-l’ amp full-scale deflection (fsd) or was 
adjusted to obtain peak heights greater than 5096 fsd, depending on peak 
sharpness. 


Standard Solution-Weigh accurately about 25 mg of N,N-dimeth- 
ylaniline base in a 25-ml volumetric flask. Add 1 ml of concentrated hy- 
drochloric acid and about 10 ml of water. Shake to dissolve into one phase 
and dilute to volume. Use this solution to make standard solutions of 
varying concentrations ranging from 1.5 to 1500 pglml. 


Internal Standard Solution-Dissolve about 5 mg of naphthalene 
in 100 ml of cyclohexane. 


Sample Preparation-Weigh accurately about 1 g of bulk sample into 
a conical 15-ml centrifuge tube. Add 5 ml of 5% NaOH and stir on a mixer 
until dissolved. For the recovery study, add 1.00 ml of a standard di- 
methylaniline solution, mix thoroughly into a suspension, and then add 
4 ml of 5% NaOH to dissolve. 


Procedure-Add 1.00 ml of the cyclohexane solution, shake vigorously 
for about 1 min, and allow the phases to separate, centrifuging if neces- 
sary. Carefully draw a 1-pl sample from the upper cyclohexane phase and 
inject it into the chromatograph. For greater accuracy, make comparisons 
with standards having concentrations of the same order of magnitude 


1 Although this method was developed independently, it is similar in principle 
to those subsequently submitted in confidence from several manufacturers; it differs 
in details, however. 


Perkin-Elmer model 900. 
3 Infotronics CRS-100. 
* OV-17 on 100-120-mesh Gas Chrom Q. 
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Chasseaud, and Drug-Serum Protein Interactions and Their Biological 
Significance by J. W. Bridges and A. G. E. Wilson. 


This volume is English in origin and evidently was planned to serve 
in conjunction with the Chemical Society’s series “Foreign Compound 
Metabolism in Mammals.” According to D. V. Parke’s foreword, “Prog- 
ress in Drug Metabolism” will review advances in the general funda- 
mentals of drug metabolism, reactions, phenomena, techniques, etc., 
while “Foreign Compound Metabolism in Mammals” will deal with the 
metabolic fate of individual chemicals. Presumably, this philosophy will 
continue to be observed in future volumes of this series. 


Four of these five reviews are on topics that have been extensively and 
repeatedly reviewed in the past several years (Bioactivation and Cyto- 
toxicity is the exception). Mass spectrometry, epoxidation, enzyme in- 
duction, and serum protein binding are all, of course, topics of continuing 
and intense interest in the area of drug metabolism, but progress is never 
sufficiently rapid to permit completely original reviews every 2 years or 
so. Most of the content of these reviews, therefore, has been covered re- 
cently. Three of the reviews, as originally written, had 1974 as their last 
reference dates, although one of these contained 1975 references in a note 
added in proof. The other two reviews, which have the editors of the 
volume among their authors, have 1975 references (and one reference to 
a 1976 paper of the authors in press). This first volume of “Progress in 
Drug Metabolism” was evidently a long time a-borning. 


The reviews are uniformly well written, quite readable, and contain 
some interesting insights. Those who are relatively unfamiliar with the 
subject matter would do well to read these reviews in preference to other 
almost as recent reviews of the same topics. The rest of us could profit 
by rereading for fresh insight on these subjects. I’m glad I did. Libraries 
will certainly need to collect this series. Perhaps what’s really needed is 
a series of short monographs which provide an annual drug metabo- 
lism-centered update. 


The content of the review on plasma protein binding of drugs is espe- 
cially interesting when it indicates that there is still a dearth of funda- 
mental understanding of this area. Bridges and Wilson find it necessary 
to correct many of the same misconceptions that Goldstein was correcting 
in 1949. Perhaps there can’t be too many reviews on topics of central 
importance to drug metabolism and pharmacokinetics. 


Reviewed by Morris Pfeffer 
Bristol Laboratories 
Syracuse, NY 13201 


Lehrbuch der Pharmazeutischen Chemie, 8th Ed. By HARRY AU- 
TERHOFF and JOACHIM KNABE. Wissenschaftliche Verlags- 
gesellschaft m.b.H., 7 Stuttgart 1, Postfach 40, W. Germany, 1976.591 
pp. 17 X 25 cm. Price $25.00 (62 DM). 
This review was undertaken on the assumption that my colleagues 


might find it of interest to know what is available to teachers of medicinal 
chemistrylpharmaceutical chemistry in German-speaking countries. 


This book by Auterhoff (who is a professor a t  Tdbingen University) 
and Knabe is in its eighth edition since 1962 and thus has had ample 
opportunity for frequent updating. However, despite occasional lapses 
into modernity, such as a brief discussion of prostaglandins (p. 177) and 
a mention of cyclic AMP (p. 487), it is basically an old-fashioned text- 
book. 


There are several positive points. The first 99 pages, the so-called in- 
organic part, is a good review for the student. Beginning with nomen- 
clature and going through the seven groups of the periodic system (each 
as a chapter), a mini subtext of inorganic pharmaceutical chemistry is 
presented. This section is not truly inorganic because organometallic 
drugs are discussed (e.g., bismuth subgallate and tartar emetic), as are 
organic analytical reagents such as rhodamine B because of its use for 
the analysis of antimony compounds. 


The second part of the book (the remainder) is much more organic than 
current American texts because it mixes more organic with the medicinal 
chemistry. Not only syntheses (which are certainly not excessive) but also 
some refresher material such as nomenclature, ring systems, funda- 
mentals of physical methods (spectroscopy), and organic reactions, in- 
cluding aromatic substitution rules, are given. A little biochemistry is also 
reviewed, e.g., the stereochemistry of amino and fatty acids and coenzyme 
A. The division of this section is very reminiscent of the older editions 


of Olsen’s and Gisvold’s “Textbook of Organic Medicinal and Pharma- 
ceutical Chemistry” in that it contains chapters on olefins, alcohols, ke- 
tones, etc., followed by chapters based on therapeutics. There is a sepa- 
rate chapter on hormones, vitamins, and enzymes and one on ADME, 
which curiously is at  the end of the book rather than with the introductory 
chapters. There are some references, and the index appears adequate. 
The American reader will encounter unfamiliar trade names (e.g., En- 
doxan for cyclophosphamide) and unfamiliar variants of familiar drugs 
[ e.g., flucloxacillin (floxacillin), where fluorine replaces one chlorine in 
dicloxacillin 1. 


The grave shortcoming of the book, however, is the almost total absence 
of discussions of drug action mechanisms. A newcomer to the field, say 
one conversant with organic and some biochemistry, after studying the 
text, would still not really know what drugs are-in the modern sense. 
There are occasional brief, almost meaningless statements such as: 
“polymixin raises the permeability of the cell membrane,” or, regarding 
penicillin, “it is the building of cell wall construction material, murein, 
which is inhibited,” with no further explanation or discussion. Rather 
than discovering that asparagus contains 1.2 mg of folic acid/100 g, I 
would have preferred to see a discussion devoted to dihydrofolic acid 
reductase inhibition mechanisms of antimalarials, methotrexate, or 
sulfonamide action. In the chapter on sympathomimetics, there is a 
statement on receptors but no real explanation-not a word on struc- 
ture-activity relationships. Because of this glaring shortcoming, I feel 
this book is not suitable for the modern pharmaceutical curriculum. 


Reviewed by Alex Gringauz 
Arnold and Marie Schwartz College of 


Long Island University 
Brooklyn, N Y  11201 


Pharmacy and Health Sciences 


Interactions of Drugs of Abuse. Annals of the New York Academy 
of Sciences, Vol. 281. Edited by ELLIOT S. VESELL and MONIQUE 
C. BRAUDE. The New York Academy of Sciences, 2 East 63rd St., 
New York, NY 10021,1976.489 pp. 15 X 23 cm. 
This book contains the proceedings of the first Conference on Inter- 


actions of Drugs of Abuse held in New York, March 9-11,1976, at the 
New York Academy of Sciences. This conference was rather timely since 
there is an ever-increasing polydrug use throughout the United States 
and the world. 


The subject matter of the conference was divided into two parts: ( a )  
general information concerning the molecular, cellular, and clinical as- 
pects of drug interaction; and ( b )  the major thrust of the conference, 
determination of the interaction of specific drugs and drug classes in- 
cluding marijuana, narcotics and narcotic antagonists, CNS depressants, 
CNS stimulants, and hallucinogens. Although extensive effort was made 
to define all the potential ramifications of drug interactions, it is quite 
obvious that only the surface has been scratched. In discussing molecular, 
cellular, and clinical aspects of drug interaction, one could devote several 
volumes to describing results of experiments designed to study such in- 
teractions. Likewise, specific drug interactions could be the subject of 
a tremendous amount of research effort. In general, this book is well 
written and the data are presented in an organized fashion. 


This conference has opened up a new area of research which will be 
explored vigorously in the next several years. Because our society is prone 
to polydrug use, the importance of drug interaction research becomes 
paramount not only for drugs of abuse but for all drugs in general. 


Reviewed by R. Duane Sofia 
Wallace Laboratories 
Cranbury, NJ 08512 
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free fraction values of salicylic acid and sulfisoxazole, which are much 
less extensively protein bound, exhibited a statistically significant neg- 
ative correlation with the concentration of albumin in rat serum. 


Phenobarbital treatment, which is an effective means of lowering the 
serum bilirubin concentration in certain types of unconjugated hyper- 
bilirubinemia (11, 121, has no apparent effect on the serum protein 
binding of bilirubin in rats. This information will facilitate the inter- 
pretation of results of phenobarbital-bilirubin interaction studies in 
normal rats. It remains to be determined if phenobarbital treatment af- 
fects bilirubin binding in the Gunn rat, the most important animal model 
of physiological unconjugated hyperbilirubinemia. 
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Rapid GLC Determination of 
Therapeutic Plasma Glycerin Levels 


THOMAS J. GOEHL", WILLIAM H. PITLICK, 
GERALD K. SHIU, and PICHAI PIRAKITIKULR 


Abstract A new rapid and inexpensive method for the determination 
of therapeutic plasma glycerin concentrations is described. In this 
method, acetic anhydride and pyridine are added to 15 pl of plasma. After 
brief incubation and centrifugation, an aliquot of the supernate is injected 
directly onto the 3% OV-1 column. A linear calibration curve was found 
in the 0.05-3-mglml range, with the precision of the assay estimated to 
be f5.5% ( R S D ) .  The method was used in determining preliminary 
pharmacokinetic data in the rabbit. 


Keyphrases 0 Glycerin-GLC analysis, plasma 0 GLC-analysis, 
glycerin in plasma 0 Hyperosmolar dehydrating agents-glycerin, GLC 
analysis in plasma 


Cerebral edema, or swelling of brain tissue, increases 
intracranial pressure, which, if not medically corrected, 
leads to herniation of brain tissue with irreversible brain 
damage and subsequent death. Deterioration of brain 
function and progressive deepening of coma in acute 
neurologic emergencies are often results of increased 
intracranial pressure due to cerebral edema. Medical 
management is a triad composed of hypothermia, hypo- 
capnea, and hyperosmolar dehydration of cerebral tissues 
(1). Glycerin has been particularly useful for the treatment 
of cerebral edema by hyperosmolar dehydration because 


(10) S. Oie and G. Levy, J.  Pharm. Sci., 64,1433 (1975). 
(11) S. J. Yaffe, G. Levy, T. Matsuzawa, and T. Baliah, N. Engl. J. 


(12) L. Stern, N. N. Khanna, G. Levy, and S. J. Yaffe, Am. J. Dis. 


(13) W. C. Griffiths, I. Diamond, and P. Dextraze, Clin. Biochem., 8, 


(14) A. C. Gornall, C. J. Bardawill, and M. M. Davis, J. Biol. Chem., 


(15) G. Levy, T. Baliah, and J. A. Procknal, Clin. Pharmacol. Ther., 


(16) J. Jacobsen and 0. Fedders, Scand. J .  Clin. Lab. Inuest., 26,237 


(17) R. Brodersen and I. Vind, ibid., 15,107 (1963). 
(18) A. Yacobi and G. Levy, J. Pharm. Sci., 64,1660 (1975). 
(19) A. Yacobi, J. A. Udall, and G. Levy, Clin. Pharmacol. Ther., 19, 


(20) A. Yacobi, J. T. Slattery, and G. Levy, J.  Pharm. Sci., 66,941 


Med., 275,1461 (1966). 


Child., 120,26 (1970). 


254 (1975). 


177,751 (1949). 


20,512 (1976). 


(1970). 


552 (1976). 


(1977). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 13,1976, from the Department of Pharmaceutics, 
School of Pharmacy, State University of New York at Buffalo, Buffalo, 
NY 14214. 


Accepted for publication September 17,1976. 
Supported in part by Grant GM 19568 from the National Institute of 


General Medical Sciences, National Institutes of Health. 
To whom inquiries should be directed. 


of its physical properties, but a lack of clinical knowledge 
has hindered its maximum use (2,3).  


At present, empirical relationships govern the use of 
glycerin in life-threatening situations. The efficacy of 
treatment with glycerin probably could be improved with 
quantitative assessment of glycerin therapy, including 
monitoring of plasma levels. It is now possible, and pref- 
erable, to individualize the dosage regimen for each patient 
based on a desired therapeutic plasma concentration range 
known to produce a desired response. In life-threatening 
situations, such as increased intracranial pressure, it is 
imperative to have rapid assessment of plasma glycerin 
levels for effective therapy. 


Currently, the most commonly used methods for the 
determination of plasma glycerin levels are enzymatic 
(4-11). The first such method (4) was developed for de- 
termining endogenous glycerin levels, normally in the 
5-1'?-pg/ml range. For assaying therapeutic plasma glyc- 
erin levels (milligram per milliliter range) with enzymatic 
methods, it is necessary to find the proper dilution factor 
for each sample, which is both time consuming and ex- 
pensive. Thus, another method was needed that would be 
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Figure 1-Effect of  plasma volume on acetylation of glycerin ( 0 )  and 
1,6-hexanediol (A). 
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applicable over a wide range of plasma glycerin concen- 
trations. In addition, it was highly desirable to reduce the 
cost of each assay by eliminating the use of relatively ex- 
pensive enzymes. Consequently, a rapid, specific, and in- 
expensive method for the determination of glycerin in 
microliter volumes of plasma was developed. 


EXPERIMENTAL 


Apparatus-A gas chromatograph, equipped with a flame-ionization 
detector' and a 2-mm i.d. X 180-cm coiled glass column packed with 3% 
OV-1 on 80-i00-mesh Supelcoportz, was used. Prior to packing, the 
column was thoroughly rinsed with methanol and acetone, dried, and 
conditioned for 1 hr with 5% dimethyldichlorosilane3 in toluene. Then 
the column was rinsed with toluene and acetone and dried. A silane- 
treated glass wool3 plug was placed in the exit end of the column, but none 
was used in the injection port side. Prior to use, the column was condi- 
tioned by injecting 30 pl of a trimethylsilylating mixture4. 


Chromatographic Conditions-The column oven, injection port, 
and detector were maintained a t  120, 250, and 250°, respectively. Ni- 
trogen, the carrier gas, was maintained a t  60 ml/min, with hydrogen and 
air a t  20 and 240 ml/min, respectively. 


Reagents-Glycerin5, the internal standard 1,6-hexanedio16, pyri- 
dine7, and acetic anhydride5 were of reagent grade and were used without 
further purification. Stock solutions containing 1 and 2 mg of 1,6-hex- 
anediol/ml of pyridine were prepared. Small aliquots of stock aqueous 
solutions of glycerin were added to control citrated plasma to prepare 
plasma standards. 


GLC Assay Procedure-To 15 gl of plasma in a 12-ml Pyrex glass- 
stoppered centrifuge tube were added 100 pl of acetic anhydride and 10 
pl of the stock pyridine solution of 1,6-hexanediol. The glass stoppers were 
then inserted, and the test tubes were mixed well and heated for 15 min 
a t  80". After centrifugation a t  about 3000 rpm for 5 min, 4 jd of the su- 
pernate was injected onto the GLC column. 


Enzymatic Assay Procedure-This newly developed GLC method 
was compared to an established enzymatic method. A commercial glyc- 
erin assay kits, which had been developed based on the Bucolo and David 
method (lo), was used. 


Calculations-Peak height ratios were calculated by dividing the peak 
height corresponding to the acetylated glycerin by the peak height cor- 
responding to the acetylated 1,6-hexanediol. Calibration curves were 
constructed daily from results of spiked control plasma samples by 
plotting peak height ratios uersus concentrations of glycerin. 


RESULTS AND DISCUSSION 


Quantification of glycerin in lipids by GLC was reported previously 
(12-14); glycerin was methylated (12), silylated (13), or acetylated (14) 


Model 5720A, Hewlett-Packard, Avondale, Pa. * Supelco, Bellefonte, PA 16823. 
3 Applied Science Laboratories, State College, Pa 
4 Pierce Chemical Co., Rockford, IL 61 105. 


Mullinckrodt, St.  Louis, Mo. 
6 Eastman-Kodak, Rochester, NY 14650. 


Fisher Scientific, Fair Lawn, N J  07410. 
Calbiochem, La dolla, CA 92047. 
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Figure %--Chromatograms shoriring pmks from glycerin analysis. Key: 
left,  control plasma; and right, plasma containing 0.09 mg of glycerin/ml 
and 2.0 mg of  I,G-hexanediol/ml. 


prior to chromatography. However, these methods do not lend themselves 
to an easy direct adaptation to the assay of glycerin in plasma. 


Since removal of the glycerin from its aqueous environment in plasma 
proved to be difficult without a lengthy procedure, an attempt was made 
to derivatize the glycerin in plasma directly. A major factor that would 
seem to make this approach feasible was the high plasma glycerin con- 
centrations found when glycerin was used to produce hyperosmolar de- 
hydration of cerebral tissue. With such high concentrations, only small 
volumes of plasma are needed. 


Acetylation of glycerin and 1,6-hexanediol, the internal standard, was 
accomplished with acetic anhydride in the presence of pyridine. Within 
15 min at 80°, the reaction was complete. The effect of plasma volume 
on the acetylation was then studied. Various aliquots (5-20 pl) of plasma 
spiked with 1.15 mg of glycerin/ml were transferred to glass-stoppered 
test tubes. To each test tube were added 100 pl of acetic anhydride and 
10 wl of a pyridine solution of the internal standard. Then these test tubes 
were incubated a t  80" for 15 min. 


After GLC analysis, the peak heights were measured and divided by 
the absolute amount of compound injected onto the column. A plot of 
peak height (millimeters) per microgram of compound uersus plasma 
volume (microliters) was constructed (Fig. 1). The reaction with glycerin 
was minimally affected with up to 20 pl of plasma; with l,&hexanediol, 
up to 30 a1 of plasma was tolerated. As a precaution, it is recommended 
that 15 pl of plasma be used. Acetic anhydride serves as an acetylating 
agent for the glycerin and 1,6-hexanediol and also as a precipitating agent 
of the plasma protein. 


The recovery of glycerin and 1,g-hexanediol in this direct derivatization 
method was virtually 100%. In a stability study, glycerin was added to 
control plasma; aliquots were frozen and assayed periodically. Glycerin 
was stable in frozen plasma for at least 1 month. 


Chromatograms of control human plasma and human plasma con- 
taining 0.09 mg of glycerin/ml are shown in Fig. 2. The chromatogram 
of control plasma shows no interfering peaks. In the other chromatogram, 
two peaks with retention times of 3.2 and 4.7 min correspond to the de- 
rivatives of glycerin and 1,6-hexanediol, respectively. 


Since glycerin is often given in a glucose solution, the effect of high 
concentration of glucose in plasma was studied. Blood glucose levels as 
high as 500 mg % did not interfere with the glycerin determination. 


The standard curve for the assay of' glycerin in human plasma was 
linear and showed good reproducibility. 


Table I shows a comparison of the precision and accuracy of the GLC 
and enzymatic assays. The enzymatic assay includes a series of reactions. 
First, glycerin in the sample solution is phosphorylated by adenosine 
triphosphate in a reaction catalyzed by glycerin kinase forming adenosine 
diphosphate and glycerin phosphate. Second, adenosine diphosphate 
reacts with phosphoenol pyruvate in a reaction mediated by pyruvate 
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Table I-Comparison of the Precision and Accuracy of GLC and Enzymatic Assays for Glycerin 


GLC Assay Enzymatic Assay 
Actual 


Control -a - - b  - 
Concentration, mg/ml Concentration, mg/ml f % RSD Error, % Concentration, mg/ml f % RSD Error, % 


0.052 0.052 f 5.8 0 0.052 f 0 0 
0.073 0.075 f 10.7 4-2.7 0.086 f 0 $18 
0.100 0.10 f 8.0 0 0.12 f 0 +18 
0.17 0.17 f 4.7 0 0.20 f 2.0 +18 
0.37 0.38 f 6.6 +2.7 
0.73 0.74 f 5.0 +1.4 0.73 f 1.1 0 
1.3 1.2 f 2.7 -7.7 1.2 f 0.7 1.7 


-12 1.7 1.6 f 0.9 -5.9 
2.0 2.0 f 5.5 0 2.0 f 0.4 0 
2.5 2.7 f 3.2 +8.0 2.2 f 1.1 -12 
3.2 3.1 f 2.4 -3.1 3.2 f 0.9 0 


-2.8 0.36 f 0 


1.5 f 0.8 


Mean RSD, % 5.5 0.6 
Mean error, % 2.9 7.1 


Not detectable. * Values of O.ooo9 and 0.0005 mg/ml were obtained in the low and high range validation runs, respectively. 


kinase, forming pyruvate and regenerating adenosine triphosphate. 
Third, pyruvate is reduced to lactate by lactate dehydrogenase. The 
concomitant oxidation of NADH to NAD+ results in an absorbance 
change at  340 nm proportional to the glycerin content of the sample. 


Two validation runs were made; one covered the 0.05-0.20-mg/ml 
range, and the other covered the 0.2-3.5-mg/ml range. The amount of 
internal standard used for the higher concentration range was twice that 
of the lower range. With the GLC assay, a mean percent RSD of 5.5 was 
found with a mean percent error of 2.9. These results compared favorably 
with the mean percent RSD of 0.6 and mean percent error of 7.1 for the 
enzyme assay. 


A problem of sample carryover was encountered in the chromatography 
of these samples. This carryover could not be eliminated by on-column 
silylation or by increasing the injection port temperature, but it could 
be eliminated by removing the glass wool from the injection end of the 
column. In practice, a very small plug of silane-treated glass wool was 
used, and 5 pl of solvent was injected between samples to flush the sys- 
tem. 


The method was used to monitor glycerin in clinical situations and to 
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Figure 3-Plot of plasma glycerin levels versus time in rabbits after 
intravenous medication (1 g l k g ) .  


study glycerin pharmacokinetics in the rabbit. Glycerin, 10% (wlv), in 
normal saline solution was infused intravenously into the marginal ear 
vein of three rabbits (1 g/kg). Blood samples were withdrawn from the 
opposite marginal ear vein into small heparinized capillary tubes. After 
centrifugation, 15 pl of plasma was transferred into a glass-stoppered test 
tube and derivatized by the direct acetylation method. 


A standard curve was prepared by assaying control plasma to which 
had been added known amounts of glycerin. A linear plot of peak height 
ratio versus concentration was prepared and used to determine the 
concentration of glycerin in the rabbit plasma. A semilogarithmic plot 
of the plasma concentration-time profile for three rabbits is shown in 
Fig. 3. From the mean concentration values, the half-life of glycerin in 
the rabbit was about 41 min with a volume of distribution of about 0.6 
liter/kg, corresponding to a clearance ( K ~ v d )  of about 9 ml/kg/min. 
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ty1)uridine (3.0 g) was dissolved in hot ethylene dichloride (10 ml). To 
the cooled solution was added a solution of diazomethane in ether (100 
ml) prepared from nitrosomethylurea (10 9). The solution was allowed 
to stand at room temperature until no further nitrogen was evolved, and 
then the solution was evaporated to an oil (3.0 9). The oil was applied to 
a silica gel column with methanol-benzene (1:lO) to give the title com- 
pound. 


Anal.-Calc. for C16HZ0N209: C, 50.00; H, 5.46. Found: C, 49.72; H, 
5.31. 
2’,3’p’-Tri-(O-benzyl)-8-~-arabinofuran~ylurea (1)-Procedure 


A-Urea (1.0 g, 0.017 mole), 2’,3’,Y-tri-(O-benzyl)-~-~-arabinofuranose 
(1.0 g, 0.0025 mole), acetone (30 ml), water (10 ml), and concentrated 
sulfuric acid (0.34 g, 0.9% w/w) were heated for 48 hr at 70’ under reflux 
with stirring. The solution was cooled and neutralized with lead car- 
bonate. The suspension was filtered, and the filtrate was evaporated. The 
residue was extracted with chloroform and water, and the chloroform 
extracts were evaporated to yield a syrup (1.2 8). Chromatography of the 
syrup on silica gel with benzene-ethyl acetate (73) yielded I as a syrup, 
which was crystallized from ether (0.13 g). 


Procedure B-The steps were as described under Procedure A, except 
that no water was used in the reaction mixture. The yield of I was 0.28 
g (oil). 


Procedure C-The steps were as described under Procedure A, except 
that 0.9% (w/w) perchloric acid was used as a catalyst instead of sulfuric 
acid. The yield of I was 0.21 g (crystals from ether). 


Procedure D-The steps were as described under Procedure C, except 
that no water was used in the reaction mixture. The yield of I was 0.15 
g (oil). This procedure was used for the preparation of 11-VII. The 
products from Procedures A-D showed identical NMR spectra. 
N-@-D-Arabinofuranosyl-N*-methylurea (VII1)-To a solution 


of I1 (1.94 g) in methanol (500 ml) was added 5% palladium-on-charcoal 
(100 mg). The reaction mixture was hydrogenated at 320 psi for 120 hr 
and then filtered through diatomaceous earth3, and the filtrate was 
evaporated to an oil. The oil was crystallized from methanol to give VIII 
(0.24 g), mp 150”. Compound IX was prepared by the same procedure. 


REFERENCES 


(1) G. A. Fischer and M. Y. Chu, Biochem. Pharmacol., 11, 423 


(2) D. W. Visser, G. Baran, and R. Beltz, J. Am. Chem. SOC., 75,2017 


(3) M. H. Benn and A. S. Jones, J. Chem. Soc., 1960,3837. 
(4) R. Barker and H. G. Fletcher, Jr., J. Org. Chem., 26, 4605 


(5) N. G. Shkantova, M. S. Dudkin, and S. I. Grinshpun, Zh. Prik. 


(1962). 


(1953). 


(1961). 


Khim., 40,164 (1970). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 30,1976, from the *Department of Pharmaceutical 
Chemistry, College of Pharmacy, and the iDepartment of Biochemistry, 
Rutgers College, Rutgers-The State University, New Brunswick, N J  
08903. 


Accepted for publication September 2,1976. 
To whom inquiries should be directed. 


3 Celite. 


New Compounds: Total Synthesis of 
dZ- 3a,4,6a-cis- 4- (4-Carboxybutyl) - 
hexahydropyrrolo[3,4-d]imidazol-2-one Hydrochloride 
(dZ- Azabiotin Hydrochloride) 


HENRY C. WORMSER and HANLEY N. ABRAMSON” 


Abstract The total synthesis of dl-3a,4,6a-cis-4-(4-carboxybutyl)- 
hexahydropyrrolo[3,4-d]irnidazol-2-one hydrochloride (dl-azabiotin 
hydrochloride) was accomplished in a seven-step sequence from 2- 
ethoxycarbonylazepin-7-one. 


Keyphrases a Pyrroloimidazolone, substituted-synthesized in 
seven-step sequence 0 Azabiotin-synthesized in seven-step sequence 


Biotin analog-substituted pyrroloimidazolone synthesized in 
seven-step sequence 


Biotin (I), a coenzyme, functions in several significant 
carbon dioxide fixation reactions in the cell. It is involved 
in carboxylation reactions catalyzed by propionyl coen- 
zyme A carboxylase, acetyl coenzyme A carboxylase, pyr- 
uvate carboxylase, and /3-methylcrotonyl coenzyme A 
carboxylase among others. Numerous aspects of the bio- 
chemical role of biotin were reviewed recently (1,Z). 


BACKGROUND 


Several analogs of biotin were synthesized, but few of these compounds 
substituted for biotin as a coenzyme. While biotin methyl ester and 
desthiobiotin show growth-promoting activity equivalent to that of biotin 


in many microorganisms, oxybiotin, biocytin, and biotin sulfoxide exhibit 
only limited activity. Many analogs possess substantial antibiotin ac- 
tivity. 


The fact that carbobiotin (3) and oxybiotin have growth-promoting 
activity qualitatively, although not quantitatively, equivalent to that of 
biotin indicates that the sulfur atom of biotin is not essential for activity. 
The actual role of this sulfur atom has been a matter for debate. Glasel 
(4), on the basis of NMR data, postulated that the sulfur may act as a 
hydrogen acceptor in interactions with the protein component of biotin 
enzymes. This interpretation was challenged by Caplow (5), who pointed 
out that Glasel’s observation could also be accounted for by assuming 
protonation of the ureide moiety. 


However, Olah and White (6). employing conditions that hardly sim- 
ulated biological media, presented unequivocal evidence that the sulfur 
is indeed protonated in magic acid (FS03H-SbF&02). They suggested 
that the sulfur protonation occurs on the side trans to the carboxyl- 
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containing side chain, although it  was subsequently demonstrated (7) 
that this protonation occurs cis to the side chain. Other studies (8) re- 
vealed that Mn2+ and Cu2+ are capable of weakly coordinating with sulfur 
orbitals of biotin on the side trans to the side chain, which might also 
serve to explain interaction with the protein of the holoenzyme. 


Earlier reports (3,9-12) were directed at  the synthesis of biotin analogs 
containing either nitrogen or carbon in place of the sulfur atom. These 
efforts have now culminated in the development of a facile, totally syn- 
thetic route to the nitrogen analog of biotin, referred to as azabiotin 
(11). 


DISCUSSION 


The starting material in this synthesis (Scheme I) was 2-ethoxycar- 
bonylazepin-7-one (III), prepared by the method of Shechter and Kirk 
(13). Treatment of 111 in dry benzene with sodium sand gave the sodio 
derivative, which was added to ethyl acrylate to give the intermediate 
IV. Compound IV underwent Dieckmann cyclization under the reaction 
conditions to yield the 0-keto ester (V) as an impure oil. When this oil 
was refluxed with ammonium formate in 2-propanol, the crystalline 
enamine (VI) was isolated in 25% overall yield from 111. 


The enamine (VI) was acetylated by refluxing in acetic anhydride, and 
the crystalline enamine acetate (VII) was smoothly hydrogenated over 
platinum in ethanol to yield VIII. The acetamido ester (VIII) yielded the 
hydrazide (IX) when warmed with hydrazine hydrate in ethanol. 
Treatment of IX with nitrous acid gave the intermediate acyl azide (X), 
which underwent cyclization to the ureide (XI) when refluxed in ethyl 
acetate solution. The title compound (11) was prepared by acid-catalyzed 
hydrolysis of XI. 


The stereochemistry of I1 was demonstrated by X-ray crystallography' 
to be all cis with respect to the substituents at C-4, C-3a, and C-6a. This 
arrangement is the same as that found in biotin (I). The stereochemical 


1 Details of this study will be published elsewhere (14). 


I1 


control apparent in this synthesis was not unexpected, since the reduction 
of VII was presumed to proceed by cis-addition of the two incoming hy- 
drogen atoms from the less hindered face of the molecule. 


EXPERIMENTAL2 


1,5-Dioxo-2-ethoxycarbonyloctahydro- 1 H-pyrrolo[ 1 ,%-a]azepine 
(V)-A suspension of 1.35 g (58.5 mmoles) of sodium sand in 30 rnl of dry 
benzene was heated to reflux with vigorous stirring under nitrogen and 
treated dropwise with a solution of 7.73 g (42.0 mmoles) of 2-ethoxycar- 
bonylazepin-7-one (111) (13) in 40 ml of dry benzene. The reaction mixture 
was refluxed for 1 hr after the addition was completed, cooled to room 
temperature, and then treated dropwise with 10 ml of ethyl acrylate. The 
mixture was again refluxed for 1 hr, cooled, and poured with stirring onto 
a mixture of ice and 50 ml of 10% hydrochloric acid. The product was 
extracted with chloroform. 


The organic layer was washed twice with water, dried over anhydrous 
sodium sulfate, and concentrated to a thick oil, 10.1 g. TLC of the oil (5% 
methanol in chloroform) revealed one major spot at Rf 0.4 and one minor 
spot at Rf  0.6; both spots gave a deep-purple color with ferric chloride; 
IR: urnax (chloroform) 3700,3020,2960,2880,1775,1735,1680, and 1460 
crn-I; UV: Amax 250 nm, shifting to 279 nm with increased absorbance 
upon addition of base3. This oil decomposed upon standing in air or upon 
attempted distillation under high vacuum but was suitable for the sub- 
sequent amination procedure. 


I-Amino-2-ethoxycarbonyl -5- oxo-5,6,7,8,9,9a-hexahydro-3H- 
pyrrolo[l,2-a]azepine (V1)-A solution of 10.1 g of crude V was re- 


2 Melting points were taken on a Fisher-Johns melting-point stage and are cor- 
rected. UV absorption spectra were determined in 95% ethanol on a Beckman model 
DKPA recording spectrophotometer. IR spectra were recorded on Beckman models 
8 and 33 recording spectrophotorneters. NMR spectra were determined on a Varian 
EM 360 spectrometer. Microanalyses were performed by Spang Microanalytical 
Laboratory, Ann Arbor, Mich. TLC was performed with silica gel GFzw 


3 The absorptivity was not calculated because the product was not homoge- 
neous. 
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fluxed with 5.20 g (82.0 mmoles) of ammonium formate and 50 ml of 2- 
propanol for 6 hr. The reaction mixture was concentrated to dryness, and 
the residue was partitioned between chloroform and water. The chloro- 
form layer was washed with water, dried over anhydrous sodium sulfate, 
and concentrated to a thick oil (9.02 8). 


When the oil was scratched under isopropyl ether, VI precipitated out 
as fine needles, 2.50 g, mp 210-214'. Recrystallization from ethanol-water 
gave the analytical sample, mp 226-227'; IR: urn= (chloroform) 3520, 
3460,3380,3010,2950,2880,1730,1685, and 1639 cm-'; U V  A,, 276 nm 
( 6  20,400); NMR4 (CDC13): 6 6.11 (s,2H, NH2), 4.60 (m, IH, NCHC===C), 
4.33 (s, 2H, NCH&=C), 4.19 (q, 2H, J = 7 Hz, OCHZCH~), 2.55 [m, 2H, 
CHzC(=O)N], 1.60-2.33 [m, 6H, (CH&], and 1.28 (t, 3H, J = 7 Hz, 
OCH2CH3) ppm. 


Anal.-Calc. for C12HlaN203: C, 60.49; H, 7.61; N, 11.76. Found: C, 
60.48; H, 7.67; N, 11.70. 
1-Acetamido-2-ethoxycarbonyl -5- oxo-5,6,7,8,9,9a-hexahydro- 


3H-pyrrolo[ 1,2-a]azepine (VI1)-A solution of 3.68 g (15.4 mmoles) 
of VI in 50 ml of acetic anhydride was refluxed for 2 hr. The solvent was 
removed in uacuo, and the residual oil was scratched under isopropyl 
ether. The resulting solid was removed by filtration and washed with 
isopropyl ether to give 3.01 g (70% yield) of light-brown powder, mp 
112-113'. Recrystallization from isopropyl ether gave the analytical 
sample, mp 116-116.5'; I R  urnax (chloroform) 3320, 3010, 2950, 2880, 
1715,1680, and 1640 cm-'; U V  Amax 274 nm (e 20,500); NMR4 (CDC13): 
6 10.16 (s, IH, NH), 5.48 (m, IH, NCHC=C), 4.35 (s, 2H, NCHzC=C), 
4.28 (q,2H, J = 7 Hz, OCH2CH3), 2.50-2.80 [m, 2H, CH2C(=O)N], 2.25 
[s, 3H, NC(=O)CH3], 1.80-2.20 [m. 6H, (CH2)3], and 1.33 (t, 3H, J = 7 
Hz, OCH2CH3) ppm. 


Anal.-Calc. for C14H20N204: C, 59.99; H, 7.19; N, 9.99. Found C, 
60.03; H, 7.13; N, 10.02. 
1-Acetamido-2-ethoxycarbonyl -5- oxooctahydro-l,2,9a-cis- 


1H-pyrrolo[ 1.2-alazepine (VII1)-A solution of 1.73 g (6.30 mmoles) 
of VII in 50 ml of absolute alcohol was treated with 1.0 g of platinum oxide 
and hydrogenated at  45 psi for 21 hr. The catalyst was removed by fil- 
tration and washed thoroughly with absolute alcohol. The ethanolic so- 
lution was concentrated to dryness to give 1.72 g (97% yield) of crystals, 
mp 209-210'. Recrystallization from methanol gave the analytical 
sample, mp 209-210'; I R  urn, (chloroform) 3440,3300,3000,2940,2870, 
1730,1676, and 1625 cm-'; NMR4 (CDC13): 6 7.40 (d, lH, J = 10 Hz, NH), 
4.19 (q,2H, J = 7 Hz, OCHZCH~), 3.64-4.00 (m, 2H, C-1 and C-9a H's), 
3.10-3.25 [m, 2H, CH2NC(=O)], 2.70-3.00 (m, lH, CHC02C2H5), 
2.33-2.70 [m, 2H, CH2C(=O)], 2.05 [s, 3H, CH3C(=O)N], 1.4kL1.90 [m, 
6H, (CH2)3], and 1.26 (t, 3H, J = 7 Hz, OCHzCH3) ppm. 


Anal.-Calc. for CldH22N204: C, 59.56; H, 7.85; N, 9.92. Found: C, 
59.65; H, 7.53; N, 9.91. 
1-Acetamido-2-hydrazinocarbonyl -5- oxooctahydro-l,2,9a- 


cis-lH-pyrrolo[1,2-a]azepine (1X)-A solution of 500 mg (1.91 
mmoles) of VIII in 10 ml of absolute ethanol was treated with 2 ml of 
hydrazine hydrate and stirred at 40-50' for 7 hr. The reaction mixture 
was cooled in the refrigerator overnight and filtered to give 260 mg of 
colorless crystals, mp 278-279'. An additional 75 mg of this solid, mp 
276-278', was obtained when the mother liquor was concentrated to 
about half of the original volume, giving a total yield of 335 mg (65%) of 
pure IX. Recrystallization from aqueous methanol gave the analytical 
sample, mp 280-281'; I R  urnax (mineral oil) 3280,1670, and 1600 cm-'; 
NMR5 (D20): 6 3.38-3.83 (m, 2H, C-1 and C-9a H's), 3.02-3.35 [m, 2H, 
CH2NC(=O)], 2.65-2.98 (m, IH, CHCO~CZH~),  2.10-2.48 (m, 2H, 
CHzC(=O)N], 2.03 [s, 3H, NC(=O)CH3], and 1.20-1.67 [m, 6H, 


Anal.-Calc. for C12H20N403: C, 53.72; H, 7.51; N, 20.88. Found: C, 
53.62; H, 7.41; N, 20.80. 
l-Acetyl-2,6-dioxododecahydro- 10a,IOb,3a- cis-imidazo[4,5- 


c ] ~ ~ r r o l o [  1,2-a]azepine (XI)-A solution of 143 mg (0.53 mmole) of 


(CH&I ppm. 


Tetramethylsilane as the internal standard. 
Sodium 2,2-dimethyl-2-silapentanesulfonate as the internal standard. 


IX in 5 ml of 1096 hydrochloric acid was cooled to 0' and treated dropwise 
with a solution of 130 mg of sodium nitrite in 3 ml of water. The solution 
was stirred at  0' for 30 min and then extracted with six 50-ml portions 
of ethyl acetate. The organic extract was dried over anhydrous magne- 
sium sulfate and concentrated in U ~ C U O  to give 120 mg of the crude azide 
(X) as a yellow oil; I R  vmax (neat) 3300,2920,2850,2160,1710,1660, and 
1610 cm-l. 


The azide was redissolved in 25 ml of ethyl acetate and refluxed for 2 
hr. Then the reaction mixture was concentrated to dryness to give an oil, 
which solidified when scratched under ether. The solid was removed by 
filtration and washed with ether to give 103 mg (77% yield from IX), mp 
233-235'. Recrystallization from ethyl acetate-acetone gave the ana- 
lytical sample, mp 237-238'; IR. urnax (mineral oil) 3280,1750,1740, and 
1640 cm-'; NMR5 (CD~SOCDB): 6 8.00 (s, IH, NH), 4.98 (t, IH, C-lob 
H, JlOa-lOb = 8 Hz, J 1 0 ~ 3 ~  = 8 Hz), 4.014.37 (m, 2H, C-3a and C-lOa H's), 
3.10-3.35 (m, 2H, C-4 H), 2.43-2.60 [m, 2H, CH&(=O)N], 2.40 [s, 3H, 
NC(=O)CH3], and 1.20-2.08 [m, 6H, (CHZ)~] ppm. 


Anal.-Calc. for C12Hl~N303: C, 57.36; H, 6.82; N, 16.72. Found: C, 
57.36; H, 6.78; N, 16.68. 


dl-3a,4,6a-cis-4-(4-Carboxybutyl)octahydropyrrolo[3,4-~]imid- 
azol-2-one Hydrochloride (11)-A solution of 100 mg (0.40 mmole) of 
XI in 0.4 ml of 10% hydrochloric acid was heated in a sealed tube at 120' 
for 16 hr. The reaction mixture was cooled and Concentrated to dryness 
in uacuo. The residue was scratched with ether to give a light-brown solid, 
which was filtered off and washed with ether. The crude product weighed 
65 mg (62% yield) and was homogeneous on TLC [1-propanol-water (7:3) 
or 1-propanol-water-concentrated ammonium hydroxide (8:1:1)]. 


The analytical sample was prepared by recrystallization from ethanol; 
this solid melted at 132O, slowly resolidified at 140-150°, and melted again 
at 163-164'; I R  vmax (mineral oil) 3450,3300,3230,1690, and 1600 cm-'; 
NMR5 (D20): 6 4.50-4.72 (m, ZH, C-3a and C-6a H's), 3.50-3.68 (m, lH, 
C-4 H), 3.28-3.46 (m, 2H, C-6 H), 2.42 (t, 2H, J = 6 Hz, CH&02H), and 
1.32-1.80 [m, 6H, (CH&] ppm. 


Anal.-Calc. for C10H&lN303: C, 45.53; H, 6.87; N, 15.93. Found: C, 
45.53; H, 7.01; N, 15.77. 
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Table V-Calculated Values of A, B, a, and B Utilizing the 
Curve-StriDDine Procedure for  Acid Halide Catalssis 


Tem- - ____ 
pera- [Cl-1, x 10-3, p x 10~4 ,  


pH ture M A , M  B, M min-' min- 


1.10 


1.50 


37O 
37O 
470 
47O 
47" 
57" 
57O 
57O 
570 
57O 
57O 


0.10 
0.033 
0.10 
0.033 
0.01 
0.10 
0.033 
0.01 
0.10 
0.033 
0.01 


0.127 
0.127 
0.175 
0.175 
0.175 
0.262 
0.262 
0.262 
0.237 
0.237 
0.237 


2.323 
2.323 
2.275 
2.275 
2.275 
2.188 
2.188 
2.188 
2.213 
2.213 
2.213 


16.8 
8.1 


84.75 
21.9 
10.76 


154.0 
49.8 
23.5 ~~ ~ 


65.3 
27.9 
16.6 


9.2 
3.64 


24.2 
8.7 
3.4 


58.34 
21.50 
9.67 


27.6 
13.0 
5.76 


67' 0.10 0.322 2.128 130.0 50.7 
67' 0.033 0.322 2.128 60.7 31.7 
67' 0.01 0.322 2.128 23.7 14.7 


ronment in the extra- and intracellular fluids can be a good justification 
for the alteration of anionic release and, therefore, activity. 
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Microbiological Turbidimetric Methods: 
Linearization of Antibiotic and Vitamin Standard Curves 


F. KAVANAGH 


Abstract Procedures were devised to linearize the usually curved 
calibration lines for turbidimetric microbiological assays. Three new 
equations relating concentration of drug and turbidity are described; two 
are for antibiotic assays and one for vitamin assays. One equation is for 
antibiotic assays employing Klebsiella pneumoniae as the test organism. 
The accuracy of interpolation from the three equations was studied by 
means of appropriate mathematical models based on erythromycin, 
chlortetracycline ( K .  pneumoniae), and cyanocobalamin assays. The 
accuracy of the new expressions was significantly superior to those used 
previously, and they are of general applicability. 


Keyphrases Microbiological turbidimetry-antibiotic and vitamin 
assays, procedures devised to linearize curved calibration lines Tur- 
bidimetry-microbiological antibiotic and vitamin assays, procedures 
devised to linearize curved calibration lines Antibiotics-microbio- 
logical turbidimetry assays, procedures devised to linearize curved cali- 
bration lines 0 Vitamins-microbiological turbidimetry assays, proce- 
dures devised to linearize curved calibration lines 


Nonlinear standard curves are much more common than 
straight lines in microbiological turbidimetric assays for 
growth-promoting substances and antibiotics. The non- 
linear calibration line is particularly important in high 
accuracy assays because of the difficulty of obtaining 


sample potencies from it with negligible computational 
error. High accuracy assays are now possible not only from 
the automated system previously described (1) but also 
from manual assays. Therefore, the old practice of drawing 
a "best" straight line through the points of the standard 
line is no longer appropriate because the line, in reality, is 
curved. Approximating the slightly curved antibiotic lines 
by straight-line segments (2 ,3)  causes a small computa- 
tional error. 


Procedures for straightening both the antibiotic lines 
and the often more strongly curved vitamin lines are de- 
scribed in this report. Antibiotic lines will be considered 
separately from vitamin lines because they have different 
theoretical bases and the procedures have different prin- 
ciples. 


Since an equation that truly fits a calibration line is not 
known, the line can only be approximated. The approxi- 
mation can be fairly accurate when calibration points are 
close together. However, if the dose line can be linearized, 
fewer calibration points are needed to obtain the same 
accuracy of approximation. The aim of the present study 
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Table I-Model of K. pneumoniae Automated Antibiotic Assays 


Standards 1.6, Standards 1.6, 
2,2.4,3.2, and 4 2.4,3.2, and 4 
with Potencies with Potencies 


Interpolated from Interpolated from 
Best Straight Line: Point to Point: 


A versus log C log ( A  + M) versus C2 Sample 
Concentration“ 0.16 0.15 0.1 0.15 


1.8 
2.0 
2.5 
2.8 


1.829 
1.939 
2.297 
2.577 


1.805 
1.946 
2.384 
2.700 


1.799 
1.999 
2.500 
2.801 


1.797 
1.997 
2.501 
2.804 


3.0 2.796 2.928 3.000 3.003 
3.5 3.468 3.538 3.495 3.499 
3.6 3.625 3.662 3.595 3.599 


Concentration in arbitrary units. * Sample volume. 


was to achieve a linearization procedure so that interpo- 
lation errors are less than 0.25% of potency when the 
number of standards is five or less. The procedures given 
here increase the workload of the computer normally used 
to acquire and process the data by an insignificant amount. 
If maximum accuracy is needed only occasionally, calcu- 
lations are practical with desk-top calculators or certain 
programmable pocket calculators. 


Procedures for obtaining potencies with minimum 
computational errors are needed before naive statistical 
calculations are undertaken. Biases caused by inappro- 
priate calculations should not become part of an answer 
or be involved in a validity test of the assays. Statistical 
procedures designed for both manual and automated as- 
says will be considered in a subsequent publication. 


EXPERIMENTAL 
Data were obtained from semiautomated assays for cyanocobalamin, 


erythromycin, and chlortetracycline. 
Test Organisms and Media-Staphylococcus aureus (ATCC 9144) 


was used in the erythromycin assay, Klebsiella pneumoniae (ATCC 
10031) was used in the chlortetracycline assay, and Lactobacillus leich- 
mannii (ATCC 7830) was used in the cyanocobalamin assay. 


Commercial antibiotic assay broth No. 3 was used for all antibiotic 
assays. Commercial medium was used for the cyanocobalamin assay. 


Assay Procedures-Procedures for erythromycin (4) and chlortet- 
racycline were described previously (5). The cyanocobalamin method 
was a USP method adapted to the semiautomated system. 


The design and operation of the semiautomated turbidimetric assay 
system were described recently (1-3,6,7). The automated diluter pro- 
duces assay tubes containing about 0.10 or 0.15 ml of sample. 


The chlortetracycline assay was essentially that for penicillin (8) 
modified to employ K. pneumoniae (5). 


Calibration Lines for Antibiotics-The quality of an assay depends 
in part upon how well the calibration line describes reality. Ideally, 
potencies obtained from a dose line should not contain any error attrib- 
utable to the form of the line. Such error increases bias and complicates 
conclusions from tests for invalidity. The many dose lines (9) used have 
different curvatures and, consequently, different errors caused by linear 
interpolation. The best practical form needs to be found to obtain 
potencies of test preparations and for validity testing. 


The theoretical dose-response line (3) for an antibiotic that reduces 
the growth rate of the test organism is: 


Nt = No exp[ko + f ( u ) k ,  - h,C]t (Eq. 1) 


where Nt  is the concentration of bacteria after an incubation period of 
t ,  No is the concentration of bacteria in the assay tubes at the beginning 
of incubation, ko is the generation rate constant in the absence of anti- 
biotic, C is the concentration of antibiotic with an inhibitory coefficient 
k,, k, represents the menstruum effect, and f(u) is a function of the 
volume of sample added to the assay tube. 


Equation 1 is used only as a guide to thought because usually NO, ko, 
f(o), k,, k,, and t are unknown. In a particular assay, they are constant 
in all assay tubes; otherwise, the assay is invalid. Therefore, Eq. 1 can be 
written in an equivalent form as: 


log N = G + BC (Eq. 2) 


where C and B are constant in an assay and dependent on details. Con- 
version of transmittance of the bacterial suspensions into corresponding 
values of N is by means of a calibration equation. 


Since absorbance, A ,  is much more convenient to use than N in com- 
puting potencies in assays, i t  was used in Eq. 3 to give the absorbance 
analog of Eq. 2: 


log A = E + FC (Eq. 3) 


Equation 3 was modified to straighten the line: 


log (A  + M )  = 0 + PC (Eq. 4) 


The value and algebraic sign of M were chosen to make the line straight 
over the region of interest. For K. pneumoniae assays, Eq. 4 was modified 
by substituting Cz for C: 


log ( A  t M )  = R + SC2 (Eq. 5 )  


The value of M in Eqs. 4 and 5 may be zero and the algebraic sign may 
be + or -. The sign is negative if the log A versus C line curves away from 
the C axis a t  the higher values of C and is positive if the line curves toward 
the C axis. 


The constant M is introduced to compensate for two sources of cur- 
vature: the actual nonlinear relationship between log N and C and the 
nonlinear response of the photometer. To obtain the least computational 
error, assay responses should be corrected for photometer response before 
interpolating from Eqs. 4 and 5. The values of M in these equations are 
computed to minimize (error)2 for standard responses. Photometer 
correction is a function of the test organism, wavelength, and instrument 
(9). 


A relationship favored by official bodies and statisticians is a plot of 
log dose versus some response of the photometer (10, l l ) .  Both absorb- 
ance and transmittance are used as the response. The absorbance version 
is given as: 


A = R + S logC (Eq. 6) 


T =  u+ VlogC (Eq. 7) 


Testing the equations by means of a few actual assays was inappro- 
priate because of differences caused by variations in operations. Statis- 
tical evaluation of many assays would reveal the preferred dose line. In- 
stead, a mathematical procedure was employed using a model derived 
from an erythromycin assay. 


Model 1 was constructed as follows. Measured absorbances of stan- 
dards of an automated assay were converted into relative concentration, 
N, of bacteria by means of a calibration equation (9). These values of N 
were plotted according to Eq. 2. The lines were curved. Several trials 
showed that subtracting a constant number from N and plotting the re- 
sultant values against concentration gave essentially straight lines. A 
straight line was drawn through the points corresponding to concentra- 
tions 1 and 5, and the coefficients for the lines were calculated. 


These equations were used to calculate values of N for each standard 
concentration and for each of the four “samples” with six-place accuracy. 
The photometer calibration line was used to find the absorbance corre- 
sponding to each N .  Transmittances were calculated from the absorb- 
ances. These values of N ,  A ,  and T represent the values of C with error 
only in the sixth place, an error too small to be significant in testing forms 
of response lines. 


Six equations were tested to find the one with the least computational 


and the transmittance version is: 
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Table III-(ErrorV for Model of K .  oneumoniae Automated Antibiotic Assavs * 
Standards 1.6, 2,2.4,3.2,4 Standards 1.6, 2.4, 3.2, 4 


Best Straight Line Point to Point: Using Point to Point: 
log ( A  + M) versus C2 A versus log C T versus log C log ( A  + 0.01) uersus C 


Sample size 0.1 0.15 0.1 0.15 0.1 0.15 0.1 0.15 
lo4 (ErrorI2 1388 700 2444 1311 36 34 0.5 0.5 


a Samples are same as those in Table I1 


tem should be examined carefully to discover the portion of the standard 
line to use. The ratio of high to low concentrations may be twofold in some 
systems and as much as, but rarely more than, fivefold in others. 


Calibration Lines for Vitamins-Nonlinear calibration lines are 
more common than straight lines in vitamin assays. Usually a smooth 
curve is drawn through the points plotted on graph paper, and sample 
potency is then interpolated from the curve. Such a procedure is suitable 
only for a low precision assay because of errors inherent in manual in- 
terpolation and in the inability to draw the true line through the points. 
The more nearly rectilinear is the line, the more accurately it can be 
drawn and interpolated from by hand or by computer. A nearly straight 
dose line and interpolation by computer must be used to achieve the 
potential in high accuracy assays. The assays can be done either manually 
or by automated systems (1). 


Three quite different expressions are used to represent calibration lines 
in official turbidimetric methods: T versus C (ll), T uersus log C (121, 
and log T versus log C (12). The USP (12) specified that the line nearest 
to straight is to be used. Others use A versus C (13,14) and N versus C 
(9), where N is the concentration of bacteria. The last expression is the 
dose-response line for growth-promoting substances. Substitution of A 
for N increases the curvature of the line because of the nonlinear response 
of photometers to suspensions (9). These calibration lines are plotted in 
Figs. 3-5 from the same set of responses for a cyanocobalamin assay. 


Of the three forms used in official methods, T uersus log C was the 
straightest. The line N versus C, the one with the theoretical basis, was 
straight over most of the range. The line A versus C, a first approximation 
to the theoretical one, was slightly curved because of the nonlinear 
spectrophotometer response. 


The theoretical dose-response line for growth-promoting substances 
is for the limiting case and usually is simpler than reality. It applies when 
the only factor limiting growth is the one substance being assayed. In 
practice, a deficient medium, unfavorable growth conditions, and an 
incubation time too short to achieve limiting growth modify the rela- 
tionship between N and C to increase curvature. In general, the N versus 
C dose-response line may be expected to be more strongly curved than 
the one in Fig. 3. The nonlinear response of the photometer to suspensions 
also causes curvature. Vitamin assays generally are grown to absorbances 
of 0.6 or more, and spectrophotometer corrections are relatively large at, 
such absorbances. A large A has a proportionally greater correction than 
a small A (9). Therefore, the A versus C line curves more than the N 
versus C line. 


A disadvantage to the dose-response line is the extra step caused by 
converting T to N by means of a calibration line (9). The calibration line 


0. I 


h 
40 


. t  \ 
0.2 0.8 


C 


Figure 3-Responses for a cyanocobalamin assay. Concentration of 
vitamin is nanograms per milliliter for sample tubes of the automated 
system. Responses are given as T versus log C. 


for the conversion is a function of the optical properties of the test or- 
ganism, wavelength of measurement, and geometry of the photometer 
(9). Since A is accurately obtainable from T ,  it is the preferred response 
metameter to he used in assaying. 


Graphs of several assays for different vitamins employing different 
kinds of photometers had a lower straight portion. Curvature in the A 
uersus C lines began a t  about a ,0.2 and then curved toward the C axis. 
The lines could be made essentially rectilinear by the transformation: 


A' = A + B ( A  - 0)' (Eq. 8)  


where D is the value of A a t  the beginning of curvature. The calibration 
line for an assay then becomes: 


C = E +FA' (Eq. 9) 


However, A (not A') is used in Eq. 9 when A 5 D. 
Model of a Vitamin Assay-Data free from all error were needed to 


test Eq. 9 and to show the computation errors and biases caused by curved 
calibration lines. Since such data cannot be obtained from actual assays, 
they were derived from a model of a cyanocobalamin assay. The model, 
based on the theoretical dose-response line for growth-promoting sub- 
stances, is: 


C = G + H N  (Eq. 10) 


where C is the concentration of drug, N is the concentration of test or- 
ganism, and G and H are constants. The line used in constructing this 
model curves at N >- 20 (C = 2)  in such a manner that it may be linearized 
by substituting: 


N' = N + 0.012(N - 20)* (Eq. 11) 


for N in Eq. 10 for values of N > 20. 
A calibration line relating N and A for a L lerchmannli suspension 


measured at  650 nm is used to obtain A from N .  Then T is calculated from 
A. The concentrations, C, are assigned values ranging from 0 to 10. The 
even digits are considered to be standards, and the odd digits are the 
samples. Values of A and A' are given in Table IV. The quality of the 
linearization is tested by comparing C computed from A' and the true 
value. Responses as N ,  A ,  and A' are given in Fig. 6. 


The coefficients B, D, E, and F must be found before Eqs. 8 and 9 can 
be applied. Three responses, Ao, A,, and A,, at 0, C,, and C, are required; 
0, Ao, C,, and A, are substituted in Eq. 9, and E and F are computed. 
Then A, is computed for C, from Eq. 9, and A,, A,', and A,  = D are sub- 
stituted in Eq. 8 to obtain B .  Then the values of A corresponding to 
measured A for A > D are computed from Eq. 8. The C, is the standard 
nearest to  the upper end of the straight portion of the C versus A line. 
This calculation causes the three points 0, C,, and C, to fall on a straight 
line according to  Eq. 9; C, should be near to the upper limit of the stan- 
dards. 


In the general case, the response line cannot be fitted by an equation 


h 


0.2 0.8 


C 


Figure 4-Responses for a cyanocobalamin assay (same data as in Fig. 
3). Responses are given as log T versus log C. 
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c 
Figure 5-Responses for cyanocobalamin assay (same data as in Fig. 
3). Responses are giuen as T versus C ,  A versus C, and N versus C ,  where 
T is the percent transmittance, A is the  absorbance, and N is the relative 
concentration of bacteria. 


as could the lines in Fig. 6, and potency is obtained by interpolation from 
a point-to-point line bracketing the sample. 


The AOAC (11) procedure for vitamins does not indicate the kind of 
line to be drawn through the points of the standard line of the form T 
uersus C. The USP procedure (12) provides the option of drawing either 
a straight line or a smooth curve through the plotted points of responses 
of the standards. The assumption was made that a smooth curve was 
drawn through the points. For interpolation purposes, the smooth curve 
was assumed to be quadratic in concentration. An equation was fitted 
to three standards such as 2,4, and 6, and potency for the 3 and 5 samples 
was computed from it. Then the equation was fitted to  standards 4,6, 
8, etc. This approach is a point-to-point procedure applied to a curved 
line. 


Test of Several Calibration Lines-The values of A in Table IV after 
conversion into T were used to test dose lines of the forms A uersus C, 
A‘ uersus C,  A uersus log C ,  T uersus log C ,  and Tuersus  C for compu- 
tational error of interpolated potencies (Table V). 


The linear A versus C relationship was worst followed by the curve T 
uersus C. The others would be acceptable for most work a t  higher con- 
centrations. The A’ uersus C relationship was the best of the straight lines 
over the entire concentration range. For most of the range, computational 
errors were insignificant. 


The parabola was no better than the procedure for linearization (Eq. 
9) when A’ was a quadratic function of C. However, A as a quadratic 
function of log C gave nearly error-free potencies for the samples when 
the equation was fitted to three contiguous points of the standard line. 
The quadratic equation was restricted to the curved part of the A uersus 
C line. Fitting the equation to more than three standard points of the 
model increased the interpolation error. 


Table IV-Responses in Model Vitamin Assays 


Standards 
n 0 0 
1 
2 
4 
6 
8 


10 


2 
3 


0.0925 
0.1850 
0.3255 
0.4255 
0.5042 
0.5692 


%%P 
0.2626 


0.0925 
0.1850 
0.3731 
0.5649 
0.7498 
0.9251 


0.1850 
0.2771 


5 0.3789 0.4695 
7 0.4669 0.6584 
9 0.5381 0.8387 


c 
Figure 6-The A, N, and A’ responses of the model of a vitamin 
assay. 


The procedure for straightening calibration lines of growth-promoting 
substances was applied to lines obtained in turbidimetric assays for 
thiamine (15), folic acid (16), pyridoxine (17), and cyanocobalamin (18) 
and to a titrimetric assay for niacin (19). The pyridoxine assay employing 
Saccharomyces carlsbergensis was so strongly curved that the high end 
correction (Eq. 8) was equal to the observed absorbance. Correction was 
much smaller for the other assays. The A uersus C and A‘ uersus C lines 
for folic acid and pyridoxine standards are shown in Fig. 7. 


Graphs of A uersus C should form a smooth curve. Few graphs of 
published data were smooth, a not unexpected finding considering that 
the work was done before highly accurate assays were possible. An oc- 
casional rather large error was found such as, for example, a misidentified 
sample. 


Selection of an interpolation formula to be used in an assay depends 
upon the quality of the assay, the curvature of the standard line, the ac- 
curacy needed, and computational facilities. The linear point-to-point 
versions of A uersus C, A‘ uersus C, and T uersus log C all are useful. The 
one giving the straightest line over the part of the standard line to be used 
in the assay should be selected. A parabola, A uersus log C ,  fitted to three 
points may be better than a point-to-point straight line when sample 
responses fall within the span of three points on the standard line and 
calculations are done with a programmable calculator. The N uersus C 
line is used to evaluate assay design and operations (9). 


0 . 5 .  


/ 


P/’ 


C 
Figure 7-The A and A’ lines for folic acid ( I S )  and pyridoxine (17) 
assays. Solid lines are for A versus C ,  and dashed lines are for A’ versus 
C. T h e  concentration scale is in arbitrary units. 
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Graphical procedures are adequate when the assay is not of the highest 
quality or turbidity is measured with low precision and accuracy (*0.5% 
2’). Computational procedures are appropriate for high quality auto- 
mated assays. 


Common calibration lines for turbidimetric assays are more likely to 
be curved than straight. Fitting a best straight line to the points or even 
a point-to-point line causes errors in interpolated potencies. The closer 
the calibration line is to a straight line, the smaller will be the errors of 
interpolation. 


Three new expressions, two for antibiotic assays and one for vitamin 
assays, that give straighter lines than those used previously were tested 
by means of three models based on real assays. The new expressions could 
be approximated much better by straight-line segments than could the 
older ones. The relationships used in official methods gave the largest 
computational errors. One new antibiotic equation was designed for as- 
says employing K .  pneumoniae as the test organism. 
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Skin as an Active Metabolizing Barrier I: 
Theoretical Analysis of Topical Bioavailability 


H. Y. ANDO*, N. F. H. HO, and W. I. HIGUCHIX 


A model and explicit equations were developed to be used 
in the experimental design and data evaluation of situations where si- 
multaneous metabolism and transport of drugs occur in the skin. By 
treating the skin as a two-ply laminate composed of the stratum corneum 
and the viable epidermis, which contains most of the catabolic enzymes 
that might render a drug inactive by metabolism, equations were devel- 
oped permitting the i n  uitro assessment of factors that may affect topical 
bioavailability i n  uiuo. Two situations were investigated. In the first, the 
drug was placed on the dermis side of the diffusion cell and did not pen- 
etrate the stratum corneum. In the second, the drug, placed on the epi- 
dermis side, penetrated the stratum corneum and then passed through 
the metabolizing epidermis. Expressions for determining the metabolic 


rate constant from experimental data along with concentration profiles 
and flux expressions are given both for the drug and its metabolite. 


Keyphrases 0 Bioavailability, topical-model and equations developed 
permitting in vitro assessment, assuming simultaneous metabolism and 
drug transport in skin 0 Topical bioavailability-mode1 and equations 
developed permitting in uitro assessment, assuming simultaneous me- 
tabolism and drug transport in skin 


Transport, drug-simultaneous with 
metabolism in skin, model and equations developed permitting i n  uitro 
assessment of bioavailability 


In the past, the major barrier to the delivery of a topical 
dosage form to the site of drug action has been considered 
to be the stratum corneum. The concept of the epidermis 
as a viable, metabolizing membrane, which can provide a 
metabolic barrier for drug action, has long been over- 
shadowed by the emphasis on the passive permeability 
properties of the most superficial skin layer. Topical bio- 


availability should account for not only skin permeation 
but also cutaneous drug metabolism. 


Studies concerning the passive permeability properties 
of the skin as a two-ply laminate (stratum corneum and 
viable epidermis) showed that drugs may enter the epi- 
dermis by breaching the stratum corneum and/or by 
passing through skin follicles, which may be considered 
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GLC Determination of N,N- Dimethylaniline in Penicillins 


MICHEL MARGOSIS 


~ 


Abstract A reliable GLC procedure was developed for the determi- 
nation of residual N,N-dimethylaniline as a contaminant in ampicillin 
commercial samples from various sources. This procedure was similarly 
applied to other penicillins and cephalosporins. The method involves 
dissolution of the sample in aqueous alkali, extraction of the organic base 
with cyclohexane containing naphthalene as an internal standard, and 
injection into a gas chromatograph with a phenyl methyl silicone column. 
Levels of 0.1 ppm of dimethylaniline were easily measured with a coef- 
ficient of variation less than lo%, and recoveries from spiked samples 
exceeded 99%. 


Keyphrases N,N-Dimethylaniline-GLC analysis in various peni- 
cillins and cephalosporins, commercial samples 0 Penicillins, various- 
GLC analysis of N,N-dimethylaniline as contaminant in commercial 
samples 0 Cephalosporins, various-GLC analysis of N,N-dimethyl- 
aniline as contaminant in commercial samples GLC-analysis, 
N,N-dimethylaniline in various penicillins and cephalosporins, com- 
mercial samples 0 Contaminants-N,N-dimethylaniline, GLC analysis 
in various penicillins and cephalosporins, commercial samples Anti- 
bacterials-various penicillins and cephalosporins, GLC analysis of 
N,N-dimethylaniline as contaminant in commercial samples 


The premarketing certification process assures that each 
bulk and dosage form batch of antibiotics intended for 
human use complies with the specifications of proposed 
and established standards for identity, potency, quality, 
and purity. 


The Code of Federal Regulations provides for Good 
Manufacturing Practices (GMP) in the production of 
pharmaceuticals. The direction to “. . . minimize con- 
tamination of products by extraneous adulterants . . .” (1) 
applies also to residual reagents that may exhibit unde- 
sirable properties such as toxicity or carcinogenicity during 
antibiotic therapy and/or possible accumulation from 
other drugs. 


Ampicillin, a semisynthetic penicillin, has been syn- 
thesized through diverse routes (2) by using 6-aminopen- 
icillanic acid (11) as an intermediate and an organic base 
such as N,N- dimethylaniline (I) to abstract generated 
hydrogen chloride, the presence of which inhibits the 
synthesis. 


Although gross contaminations can normally be de- 
tected by the general analytical techniques employed in 
certification, trace impurities are often too elusive. As the 
Food and Drug Administration became increasingly aware 
of the adventitious presence of residual dimethylaniline 
in ampicillin, the GLC method was developed to ascertain 
the extent of the problem. The pharmacological properties 


of dimethylaniline have not been fully elucidated, but it 
seemed advisable to limit its presence because of its du- 
bious nature and possible carcinogenicity. 


This report presents and discusses a GLC method’ for 
the analysis of residual dimethylaniline in ampicillin and 
its applicability to survey-related antibiotics. 


EXPERIMENTAL 


Apparatus-A gas chromatograph2 was fitted with an inlet system 
modified to accommodate a one-piece glass column directly from the site 
of injection, as described previously (3), and with a flame-ionization 
detector. It was used together with a 1-mv range strip-chart recorder. The 
instrument was also equipped with individual controls, allowing for 
separate heating of the inlet, column, and outlet. Peak area measurements 
were made with a digital electronic integrator3. 


A glass column, 1.9 m (6 ft) X 2 mm id., was packed with 3% of a 50% 
phenyl-substituted methyl silicone on silanized, acid-washed, flux cal- 
cined diatomite4. 


Typical Conditions-The gases were hydrogen at 1.55 kg/cm2 (22 psi) 
and air at  2.11 kg/cm2 (30 psi) adjusted to obtain maximum response and 
helium at  3.52 kg/cm2 (50 psi) with a flow rate of about 30 ml/min. The 
temperatures were column, 60”; and injector and detector, about 150”. 
The column temperature and carrier flow rates were adjusted to obtain 
the first peak preferably within 5 min and complete resolution of the 
peaks. The current was 2 X 10-l’ amp full-scale deflection (fsd) or was 
adjusted to obtain peak heights greater than 5096 fsd, depending on peak 
sharpness. 


Standard Solution-Weigh accurately about 25 mg of N,N-dimeth- 
ylaniline base in a 25-ml volumetric flask. Add 1 ml of concentrated hy- 
drochloric acid and about 10 ml of water. Shake to dissolve into one phase 
and dilute to volume. Use this solution to make standard solutions of 
varying concentrations ranging from 1.5 to 1500 pglml. 


Internal Standard Solution-Dissolve about 5 mg of naphthalene 
in 100 ml of cyclohexane. 


Sample Preparation-Weigh accurately about 1 g of bulk sample into 
a conical 15-ml centrifuge tube. Add 5 ml of 5% NaOH and stir on a mixer 
until dissolved. For the recovery study, add 1.00 ml of a standard di- 
methylaniline solution, mix thoroughly into a suspension, and then add 
4 ml of 5% NaOH to dissolve. 


Procedure-Add 1.00 ml of the cyclohexane solution, shake vigorously 
for about 1 min, and allow the phases to separate, centrifuging if neces- 
sary. Carefully draw a 1-pl sample from the upper cyclohexane phase and 
inject it into the chromatograph. For greater accuracy, make comparisons 
with standards having concentrations of the same order of magnitude 


1 Although this method was developed independently, it is similar in principle 
to those subsequently submitted in confidence from several manufacturers; it differs 
in details, however. 


Perkin-Elmer model 900. 
3 Infotronics CRS-100. 
* OV-17 on 100-120-mesh Gas Chrom Q. 
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Table I-Dimethylaniline in Various Penicillins and 
Ceuhalosuorins" 


A Sampleb Manufacturer TypeC Size I, ppmd 


I1 
I1 
I1 
I1 
I11 
I11 
I11 
111 
I11 
I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
I11 
111 
111 
111 
I11 


I11 


111 
111 
I11 
I11 
111 
111 
IV 
V 
V 
V 
V 
V 
V 
V 
V I  
V I  
VI 
V I  
VI 


sodium 


sodium 


1 
2 
3 
4 
1 
1 
1 
1 
1 
2 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


14 


15 
16 
17 
18 
19 
20 
1 
1 
2 
3 
4 
3 
5 
6 
1 
2 
3 
3 
3 


b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 


b 


C 
C 
C 
C 
C 
S 
b 
b 
b 
b 
b 
C 
S 
C 
b 
b 
b 
C 
C 


2 
2 
2 
2 
3 
3 
8 


12 
6 
5 
1 
8 
7 
7 
4 
3 
4 
2 
2 
3 
4 
1 


1 


2 
1 
2 
2 
1 
1 
1 
3 
5 
3 
3 
1 
1 
2 
2 
3 
2 
1 
2 


340,433 
60,330 
339,512 
280,774 
3-5 
10-28 
500-800 
800-1000 
1000-1500 


700 


<1.5 
<1.5 
1-4 
<I 
0-6 
1250-1310 
<1 
<1.5 
4.5-8 
<1.5 


1 


4 
2 
230,300 
305,325 
250 
<0.5 
8 
<0.5 
<0.5 
<0.5 
0.1-5 
0.1 
<0.05 
<0.05 
7,lO 
39-51 
<0.3 
4 
<0.1 


200-300 


5-8 


~ ~~ 


VII 1 b 1 0.5 
VII 1 S 1 0.2 


No dimethylaniline was detected (<0.15 ppm) in samples of cephradine, 
cephaloglycin, cefazolin, penicillamine, penicillin G procaine, penicillin G potassium, 
penicillin V, oxacillin, cloxacillin, dicloxacillin, and carbenicillin. * Compound 111 
is ampicillin, IV is hetacillin, V is amoxicillin, VI is cephalexin, and VII is cephapirin. 


b = bulk, c = capsule (per capsule), and s = oral suspension. d "Less than" indi- 
cates that dimethylaniline was not detected, but an upper limit of detectability was 
calculated based on the instrument conditions. 


as that contained in the sample. The elution sequence is such that di- 
methylaniline emerges first and naphthalene follows. 


Calculations-The area of each peak is measured by a suitable 
technique such as electronic integration. Then: 


wt. % I = (R,  X Wsd)/(Rsd X W,) X 100 (Eq. 1) 


where R is the ratio of the area of the I peak to the area of the internal 
standard peak, and W is the weight of the standard (std) or sample 
(U). 


Identity-The relative retention time (sample-internal standard) of 
the unknown sample is identical to that of the working standard under 
identical operating conditions. 


RESULTS AND DISCUSSION 


Results of the determination of dimethylaniline in various commercial 
penicillins and cephalosporins are summarized in Table I. The samples 
accumulated over the past 4 years were selected at random and, therefore, 
do not necessarily reflect the current market. As expected, all samples 
of 6-aminopenicillanic acid contained significant amounts of dimethyl- 
aniline. However, subsequent processing to produce the semisynthetic 
penicillins ostensibly rendered the final bulk product relatively free of 
this contaminant. The amount of residual dimethylaniline found in a few 
batches of ampicillins was significant, but this situation has been largely 


- 
10 20 


B 


1 
- 


5 10 15 


MINUTES 


Figure 1-Chromatograms of 1.66 p g  (A) and 41.6 pg (B) of dimethyl- 
aniline. 


rectified by improved cleanup or by substitution with other more in- 
nocuous organic bases. 


The protocol of analysis includes the identical curing and conditioning 
treatment cited in the collaborative GLC studies of chloramphenicol(4) 
and griseofulvin (5,6). This protocol includes calculations for the different 
parameters that characterize column performance. In this study, an ef- 
ficiency of 1265 platedm for dimethylaniline and of 1560 plates/m for 
naphthalene, a resolution factor of 7.3, and a tailing factor of 1.29 were 
calculated. In actual assays, a coefficient of variation of less than 2% can 
easily be obtained, but it normally increases as the conce,ntration of the 
components to be determined decreases. This effect results mainly from 
a worsening baseline geometry (Fig. 1) with an accompanying decrease 
in the reliability of the electronic integrator. Thus, a t  the 1.66-ppm level, 
a coefficient of variation no greater than 7.9% was readily obtained. 


The column requires injection of a silyl reagent at a higher temperature 
(275') prior to sample conditioning at  the operating temperature. This 
reagent is also injected several times at the end of the day with the column 
temperature reset to 275' to flush out the system. This treatment may 
also be necessary during the day to obtain a satisfactory baseline. Di- 


Table 11-Comparison of Quantitative Tests 
Sample Potency Amine Acid 1,pEq C1,pEq 


1 98.2 106.7 94.9 8.2 203 
2 98.8 97.0 99.3 5.8 121 
3 97.2 98.0 100.0 0.008 7.6 
4 100.6 99.7 98.7 0.012 2.9 
5 102.1 99.4 97.4 2.4 85 
6 100.8 98.3 96.4 1.7 101 
7 101.9 99.3 97.5 2.4 89 
8 102.2 99.0 102.2 2.4 93 
9 99.6 98.3 103.0 2.4 92 


10 102.4 105.2 96.1 0.041 72 
11 102.2 96.4 100.3 0.012 62 
12 101.6 95.6 99.2 0.046 118 


Vol. 66, No. 11, November 1977 / 1635 







methylaniline is relatively nonpolar because of the alkyl shielding and 
need not be derivatized to show good chromatographic properties except 
during separation from other intractable anilines (7). The standard is 
prepared as an aqueous solution to minimize evaporation of the solvent 
and solute as well as to simulate actual conditions. 


Linearity of response was tested by injecting standard solutions of 
varying concentrations of dimethylaniline containing a fixed amount of 
the internal standard. A linear regression analysis of seven points in the 
concentration range of 3-200 ppm yielded a statistically significant 
squared multiple correlation coefficient of 0.9998 ( p  > 0.01). To improve 
the precision and reliability of electronic integration, the use of a standard 
approximating the concentration of the analyte in the unknown while 
maintaining identical instrument parameters is recommended. Method 
reliability was verified by spiking samples of ostensibly dimethylani- 
line-free ampicillin with different amounts of standards. Recoveries in 
excess of 99% were obtained, although residual dimethylaniline was oc- 
casionally detected at  low concentrations (e.g., <25 ppm). 


Chromatography was performed at a low temperature, which is capable 
of detecting but is limited to relatively nonpolar substances of low mo- 
lecular weights. Confirmation of identity by the relative retention times 
of the peaks attributed to dimethylaniline and naphthalene was obtained 
by combination GLC and electron-impact mass spectrometry applied 
to several bulk materials. However, conditions were inadequate to 
characterize the occasional foreign peaks. 


Several samples were extracted directly with cyclohexane but did not 
manifest the presence of dimethylaniline until alkali was added. The 
logical presumption is that dimethylaniline was bound as a hydrochloride 
salt. Thus, a measure of total chlorine might correlate with the dimeth- 
ylaniline content and with other quantitative tests as well. However, the 
results listed in Table I1 clearly show that the total chloride content ob- 


tained by neutron activation analysis (8), which ranges up to 7.3 mg/g, 
is far greater than the equivalent amount of dimethylaniline, indicating 
that other contaminants are present. In this context, the amount of di- 
methylaniline found in ampicillin has not demonstrated any correlation 
with the potency or concordance results obtained as prescribed in the 
regulations (9). 
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Aging of Tablets Made with 
Dibasic Calcium Phosphate Dihydrate as Matrix 


J. M. LAUSIER, CHIA-WHEI CHIANG, H. A. ZOMPA, and C. T. RHODES” 


Abstract The aging of direct compression tablets made using dibasic 
calcium phosphate dihydrate as the tablet matrix was investigated over 
16 weeks. The formula included 6% amaranth as a dye tracer. Two sets 
of stress storage conditions were used 25’ and 50% relative humidity and 
45” and 75% relative humidity. Tablets were evaluated periodically by 
visual inspection; determination of the weight of 10 separate tablets, the 
size of 10 tablets measured by a micrometer screw gauge, and the hardness 
of 10 tablets as indicated by a Strong-Cobb hardness tester; the USP 
disintegration time test; and the USP dissolution test. Tablets stored at 
25’ and 50% relative humidity showed an approximately linear increase 
in disintegration and dissolution time over 16 weeks with no other sig- 
nificant changes. Storage at 45’ and 75% relative humidity resulted in 
significant changes in most measured parameters; tablets showed 
blotching, substantial weight loss, and complex changes in disintegration 
and dissolution. The changes at  elevated temperatures are related to loss 
of water of hydration; changes at 25” must be due to other causes. 


Keyphrases 0 Calcium phosphate, dibasic4irect compression tablets, 
aging, effect of temperature and humidity Tablets, direct compres- 
sion-dibasic calcium phosphate, aging, effect of temperature and hu- 
midity Aging-direct compression dibasic calcium phosphate tablets, 
effect of temperature and humidity Dosage forms-direct compression 
tablets, dibasic calcium phosphate, aging, effect of temperature and 
humidity 


Recently, the physical aging of compressed tablets was 
studied, and it was found that complex changes of hardness 
and dissolution may occur over a relatively short period 
(1). However, because of the limited preliminary nature 


of that study, no hypothesis was proposed to rationalize 
these changes. The present report concerns a more detailed 
investigation of the aging of a directly compressed tablet 
formulation. In addition to dissolution and hardness 
measurements, diameter, thickness, disintegration, and 
tablet weight were evaluated over 16 weeks. 


EXPERIMENTAL 


The tablets were prepared by direct compression on a single-punch 
press’ as described previously (1). The following formulation was used: 


40 
DAYS 


Figure 1-Plot of hardness data ouer 16 weeks for  dibasic calcium 
phosphate dihydrate tablets at 25’ and 50% relative humidity (0) and 
at 45” and 75% relative humidity (A). 


Stokes model F, Warminster, Pa. 
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Pharmacokinetics of the 
Anti-Inflammatory Tiaprofenic Acid in 
Humans, Mice, Rats, Rabbits, and Dogs 


J. POTTIERx, D. BERLIN, and J. P. RAYNAUD 


Abstract The pharmacokinetics of tiaprofenic acid were studied in 
rats, dogs, mice, and rabbits using the 14C-labeled compound and in 
humans using the radioinert compound. Its absorption was partially 
gastric but mainly intestinal and was total in all species. Its apparent 
volume of distribution was small; it was bound markedly to albumin, and 
its plasma clearance was high in all species. Absence of retention was 
confirmed in rats by the very low tissue radioactivity levels 24 hr after 
oral dosing. In humans, identical maximum plasma concentrations and 
elimination rates were recorded after the first and 40th dose during a 
2-week treatment with 200 mg three times daily. During this period, 
constant residual levels were recorded before the first dose of the day. 
These results indicate that, for a dose in the therapeutic range, a steady 
state was reached as early as the end of the 1st day of treatment and that 
tiaprofenic acid did not inhibit or induce its own biotransformation. 
Urinary excretion accounted for one-half of the dose in rats and from 0.6 
to 0.9 in humans, dogs, mice, and rabbits. Two metabolites were formed, 
one resulting from the reduction of the ketone group to an alcohol and 
the other from oxidation generating a phenol in the benzene ring in the 
para-position to the ketone group. These two metabolites were common 
to all species, but the latter was present in minute amounts only in dogs. 
Tiaprofenic acid was conjugated as an amide in dogs and as an acylglu- 
curonide in the other species. In rats, phenobarbital induced the oxida- 
tive, but not the reductive, pathway. 


Keyphrases Tiaprofenic acid-pharmacokinetics in humans, rats, 
dogs, mice, and rabbits Pharmacokinetics-tiaprofenic acid in humans, 
rats, dogs, mice, and rabbits CI Anti-inflammatory agents-tiaprofenic 
acid, pharmacokinetics in humans, rats, dogs, mice, and rabbits 


Tiaprofenic acid’, 5-benzoyl-a-methyl-2-thiophene- 
acetic acid (I) (Table I), is a highly potent anti-inflam- 
matory and nonnarcotic analgesic agent as demonstrated 
both in animal (I) and in human (2-4) studies. In the 
present study, its animal pharmacokinetics were studied 
in rats and dogs-the species used to evaluate its phar- 
macological activity and tolerance-and, in less detail, in 
rabbits and mice-the species used to establish the ab- 
sence of teratogenicity2. The absorption, distribution, 
excretion, and biotransformations of tiaprofenic acid were 
compared in these species and in humans after oral and 
parenteral administrations. 


EXPERIMENTAL 


Radiolabeled Compound-Tiaprofenic acid was labeled3 with car- 
bon-14 in the carbonyl group (Table I) with a specific activity of 54 
mCi/mmole and a radiochemical purity of 95% as checked by TLC. 


Animal and Human Studies-Male adult animals were used: Swiss 
mice (22 g), Sprague-Dawley rats (200 g), “Normandy” rabbits (2.4 kg), 
and beagle dogs (15 kg). Clinical pharmacology studies were carried out 
in adult subjects of both sexes. Prior to oral administration, animals and 
humans were fasted overnight. Unless otherwise indicated, the phar- 
macological dose of 5 mg/kg was administered to animals. In humans, 
the dosage varied from 1.5 to 3.0 mg/kg in a single administration. For 
the steady-state study, a daily dose of 600 mg (8.5 mg/kg), divided into 
three equal doses to be taken at  9:OO am, 2:OO pm, and 8:OO pm was ad- 
ministered for 13 days. A 40th dose of 200 mg was administered on the 
morning of the 14th day. 


~ ~ 


Surgam, Laboratoires Roussel. 
2 R. Glomot, Toxicology Department, Noussel-Uclaf Research Center. 
3 Synthesized by A. Jouquey, Roussel-llclaf Research Center. 


The drug was administered either as a suspension in 0.25% carboxy- 
methylcellulose with 0.2% polysorbate 80, a solution after addition of 
lysine or tromethamine, capsules, or tablets. The stability of formulations 
containing ‘*C-I was checked by TLC and scanning. 


Blood samples were collected in dry heparin sodium in animals and 
with or without an anticoagulant in humans. Tissue samples were de- 
posited on dry ice and stored a t  -25’. Bile was collected by catheteriza- 
tion of the common bile duct under prolonged anesthesia with urethan 
(1 g/kg ip). For intraduodenal administration, the pylorus was ligatured 
to avoid gastric reflux. Gastric absorption was studied in rats treated 1 
hr after recovery from ligation of the pylorus under mild ether anesthesia. 
Pulmonary carbon dioxide was trapped in an aqueous solution of 4 N 
ethanolamine. Enzymatic induction was obtained with daily subcuta- 
neous injections of 100 mg of phenobarbital sodium/kg for 3 days. 


Hydrolysis of Conjugates-Biliary and urinary conjugates were 
hydrolyzed either enzymatically by leaving the material for 24 hr a t  37’ 
in a buffered acetate medium (pH 5.2) containing Helix pomatia juice4 
or at alkaline pH by slowly adding 0.2 N NaOH at  O’, away from light and 
under argon. In some excreta, polar products persisting after hydrolysis 
a t  alkaline pH were separated by TLC and, after elution, hydrolyzed with 
1 or 6 N HCl for 1 hr a t  100’. 


Extraction and  Chromatography-Plasma samples were acidified 
to pH N 5 with 1 M KHzP04. Urine and bile samples were acidified to 
pH 5 (extraction of I and 11) or 2 (extraction of 111) with 1 N HCl and then 
extracted twice with ethyl acetate. Extracts were chromatographed 
on silica gel plates5 in various solvent systems (Table I). When W-t ia-  
profenic acid was administered, the radioinert reference compounds were 
added before TLC to enable detection at  254 nm. Relevant areas were 
eluted either with methanol-acetic acid (1:l) (radiochemical assay) or 
with acetone or ethyl acetate-acetic acid (982) (spectrophotometric 
assay). 


Radiochemical Assay-A solution of either scintillator6 alone (0.4% 
w/v) in toluene or of scintillator (0.4% w/v) and naphthalene (8% w/v) 
in methoxyethanol-toluene (2:3) was added to the samples. Carbon 
dioxide formed after combustion of tissues7 was trapped in a solution of 
scintillator (0.7% w/v) in toluene-phenylethylamine-methanol-water 
(40:33:22:5). Radioactivity was measured in a liquid scintillation spec- 
trometers. Quenching was corrected by the channel ratio method. Certain 
measurements were obtained by integration of the chromatographic 
curves with a scanners. 


Spectrophotometric Assay-Chromatographic eluates were taken 
up by aqueous 1 M sodium acetate-ethanol (1:9). Absorbances were de- 
termined a t  313 nm for I (e  = 15,400 M-’ cm-l), a t  248 nm for I1 (c  = 
10,300 M-’ cm-’), and a t  319 nm for 111 (c  = 19,400 M-’ cm-’). Optical 
interferences were eliminated by assaying control samples obtained be- 
fore treatment or from untreated subjects. 


For the determination of I, corrections for losses were made by the 
addition of labeled compound to the samples prior to analysis. Because 
the absorption of I1 is negligible above 280 nm, the determination of I is 
possible after chromatography in System B (Table I) even though this 
system does not separate I from 11. This approach was checked on dog 
plasma, which contained relatively large quantities of 11. The coefficient 
of correlation between radiochemical and spectrophotometric determi- 
nations of I was 0.997 (12 pairs of plasma concentrations from 3 to 100 
mg/liter). 


The method for the determination of I and its two metabolites in 
human urine after separation in System C (Table I) was checked by the 
analysis of control samples with compounds added in uitro (10 mghter 


I. B. F., Gennevilliers, France. 
Merek, Darmstadt, 60F 254. 


Oxymat Intertechnique. 


Berthold, Wiedbad, West Germany. 


6 2-(4’-tert-Butylphenyl)-5-(4”-biphenyl)-1,3,4-oxadiazole, Ciba. 


8 Packard model 3385. 
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Table I-Structures and Rf Values of Tiaprofenic Acid and Its Derivatives Found in Biological Media 


R f  of System 


Substituent Solvent System Solvent System Solvent System 
Compound RI R2 R3 R4 Aa B* C' 


I H 
IId H 


111' OH 
IVf H 
Vk- H 


=O 
H OH 


=O 
=O 
=O 


CH(CH3)COzH 0.35 
CH(CH3)C02H 0.25 
CH(CH3)COzH 0.05 
COCH3 0.45 
CHzCH3 0.70 


0.50 
0.50 
0.40 
0.60 
0.80 


0.70 
0.60 
0.30 
0.80 
0.85 


a Toluene-acetic acid (88:12). * Benzene-dioxane-acetic acid (1051). c Benzene-dioxane-acetic acid (9l:l); two migrations. 5-(a-Hydroxybenzyl)-a-methyl-2- 
thiopheneacetic acid. 5-(4-Hydroxybenzoyl)-a-methyl-2.thiopheneacetic acid. f (2-Acetyl-5-thieny1)phenylmethanone. g (2-Ethyl-5-thieny1)phenylmethanone. 


of each). The recovery of I [88.2 f 2.6% (mean f SD, n = 8)] was total 
when radiochemical corrections were applied (100.2 f 2.6%). Recoveries 
of I1 and 111 were 94.5 f 3.7 and 95.3 f 1.7% (n = 8), respectively, and no 
correction was applied in these cases. 


For a 5-ml sample, the limits of sensitivity were 0.1 mgh te r  for I, 
whatever the modeof separation, 0.1 mgfliter for 111, and 0.3 mghter for 
11. 


Plasma Protein Binding-Binding to nondiluted plasma or to human 
albuminlo in 0.1 M phosphate buffer (pH 7.4) was determined by ultra- 
filtration" to avoid the degradations occurring during long contact 
(equilibrium dialysis). Protein solutions were ultrafiltered a t  room 
temperature under a nitrogen pressure of 0.5 kg/cm2 and magnetic stir- 
ring. In 5 min, 10% of the total volume was collected. 


RESULTS 


Structures of Free Compounds Found in Biological Media-The 
14C-label was stable; during 24 hr after intravenous administration, less 
than 0.01% of the radioactivity in the rat and less than 0.1% in the mouse 
were excreted by the lungs as I4C-carbon dioxide. 


Apart from tiaprofenic acid, which was found in all media studied and 
which was characterized by the similarity between its chromatographic 
properties, UV spectrum, and mass spectrum and those of a reference 
sample, four products were identified (11-V, Table I). Their presence was 
established both in humans and in the four animal species. 


Compound I1 arises from the reduction of the ketone group of I to an 
alcohol. Absence of absorption in the UV spectrum around 300 nm in- 
dicated the loss of the ketone group. Its mass spectrum with a molecular 
peak a t  262 corresponded to the introduction of two hydrogen atoms, and 
the fragmentation pattern was in agreement with the proposed formu- 
la. 


Compound 111 results from an oxidation process introducing a phenol 
function in the benzene ring in a para-position to the ketone group. The 
maximum of absorption a t  319 nm in its UV spectrum established the 
presence of the ketone group. Its mass spectrum revealed the introduction 
of an oxygen atom (molecular peak a t  276) in the benzene ring (frag- 
mentation pattern). The position of the phenol group was established 
by the NMR spectrum, which indicated that the proton in the para- 
position to the ketone group was absent. 


Compounds I1 and I11 were identified conclusively by comparison with 
reference substances (1). 


Compounds IV and V result from substitution of the methylacetic 
radical by acetyl and ethyl radicals, respectively, with the loss of one 
carbon atom. They were first isolated from an aqueous solution of I as 
degradation products; their structures were established by mass spec- 
trometry (molecular peaks a t  230 and 216, respectively, and fragmenta- 
tion patterns in agreement). They were also found in small quantities in 
uiuo. 


In the plasma of the four animal species studied, IV and V accounted 
for about 5% of the total radioactivity measured after treatment with 
14C-I, and this proportion did not change significantly with time. Like- 
wise, they accounted for 2-5% of the excreted radioactivity, the amount 
depending on the conditions of hydrolysis. Too strong alkalinization 
considerably increased the quantities of IV at the expense of free and 
conjugated I. Unlike I1 and 111, which exist only in uiuo, IV and V result 


lo  Centre National de Transfusion Sanguine, Paris, France. 
l1 Pellicon Carrousel, Millipore-Diaflo Arnicon P.M. 30 membranes. 


from degradation and not from enzymatic biotransformations. Therefore, 
they cannot be considered as metabolites. 


Animal Plasma Kinetics-Total radioactivity kinetic curves after 
oral and intravenous administrations of I4C-I (Fig. 1) showed that ab- 
sorption was rapid in the rat for the oral route and slightly slower in the 
dog; plasma clearance of I and its metabolites, 24 hr after administration, 
was almost complete in the rat  but not in the dog. Tiaprofenic acid was 
the major constituent. Compound I1 was present in small quantities in 
rat plasma (not shown) but in appreciable quantities in dog plasma. In 
the plasma of both species, 111 was not detectable. 


The kinetics of I after intravenous administration can be depicted 
according to a two-compartment open model. The apparent initial vol- 
umes of distribution, V,, were calculated from biexponential plasma 
curves (C = Ae-"' + Be-ot ) .  The value of V ,  is given by V,  = x&o, 
where xo is the intravenous dose and CO is the plasma concentration a t  
time t = 0 (C, = A + B )  (5). The V,  was 17% of body weight in the rat and 
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Figure $-Plasma levels i n  four animal species 0.25 and 6 hr after in- 
travenous administration, expressed in  tiaprofenic acid equivalent. Key: 
B, total radioactivity; 0, I; m, II; and H, III (mean f SE; n = 5, rat and 
rabbit; n = 3, dog; n = 5, pools of  four plasmas, mouse). 


8% in the dog. The extravascular diffusion space was thus smaller in the 
dog. The plasma clearance of I [Cl, = xo/J; C dt = xo~uP/(Afl+ Ba)]  per 
kilogram was 27 ml/hr in the dog and 96 ml/hr in the rat. 


Absorption was estimated (6) from the ratio of areas under plasma 
curves after oral and intravenous administrations. In the rat and dog, the 
area ratios based on total radioactivity were 0.78 and 1.01; based on ti- 
aprofenic acid, they were 0.87 and 1.12, indicating both a good rate of 
absorption and no first-pass effect. 


Total plasma radioactivity and the radioactivities due to the different 
compounds were determined 0.25 and 6 hr after intravenous adminis- 
tration of 1%-I in all four animal species (Fig. 2). The decrease in total 
radioactivity was much faster in the rabbit and mouse than in the rat and, 
particularly, the dog. Six hours after the injection, tiaprofenic acid rep- 
resented the major fraction in all species except the rabbit. Metabolite 
I1 concentrations were very low in the rat, a little higher in the mouse, 
and considerably higher in the dog and rabbit. Metabolite I11 was de- 
tected in the rabbit only-in limited quantities and only0.25 hr after the 
injection. 


On the basis of a simplified one-compartment open model, C = Ae-" ' ,  
defined by the concentrations a t  0.25 and 6 hr, the clearance of I (C1, = 
xoa/A)  was 91 mlihrlkg in the rat and 25 mllhrlkg in the dog. These 
values are similar to those calculated in the preceding assay. Its clearance 
was 140 ml/hr/kg in the rabbit and 196 nil/hr/kg in the mouse. The V,. 
values were calculated according to this same model and enabled the 
classification of the animal species into two groups with V, values 
equivalent to 12 and 13% (dog and rabbit, respectively) and to 24 and 26% 
(rat and mouse, respectively) of body weight. 


Human Serum o r  Plasma Kinetics-The concentrations of I were 
assayed spectrophotometrically. Although the UV absorption of I1 was 
detected in some samples, this metabolite was present only in weak 
concentrations and was not measured. The presence of I11 could not be 
confirmed in serum, since a meaningful UV spectrum could not be ob- 
tained after elution. 


After a single oral dose of 100 or 200 mg, peak concentrations were 
achieved in 0.5-1 hr. Within 4 hr of administration, the level had dropped 
to one-fifth of the peak value, indicating both rapid absorption and dis- 
appearance of the compound (Fig. 3). After a single intramuscular in- 
jection of the same dosages (Fig. 3), a rapid decrease in plasma levels 
established satisfactory diffusion from the injection site and confirmed 
the fast elimination rate. The V, of I, calculated according to a one- 
compartment open model, was about 10% of body weight, and its clear- 
ance was 6 literdhr. 


In the steady-state study, the plasma kinetics of tiaprofenic acid after 
the first dose on Day 1 and after the 40th and last dose on Day 14 were 
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Figure 3-Serum kinetics of tiaprofenic acid in humans after oral (1)  
or intramuscular ( 2 )  administration. Key: 0, 100 mg; and 0,200 mg 
(mean SE, n = 17, orat, 100 mg; n = 5,  oral, 200 mg; n = 5, intramus- 
cular, 100 mg; n = 4, intramuscular, 200 mg). 


similar (Fig. 4), with mean peaks of 17 mg/liter and equal elimination rate 
constants (0.50 and 0.46 hr-1, respectively). The areas under individual 
curves, calculated from 0 to 5 hr by the trapezoidal rule, were not sig- 
nificantly different (paired t test). From Days 2 to 11, mean plasma 
concentrations fluctuated from 0.6 to 0.8 mg/liter. After the end of 
treatment (Day 14), from Days 15 to 18, concentrations were equal to or 
below the limit of sensitivity of the method (0.1 mg/liter). 


Absorption by Stomach-The importance of gastric absorption was 
evaluated in rats by comparing the plasma radioactivity of a group of 
animals with a ligated pylorus to that of a sham group 0.5 hr after oral 
administration of "C-I. Plasma concentrations in control animals were 
close to those found previously a t  0.5 hr (11.7 versus 13.9% of dose/lO ml). 
Therefore, anesthesia and laparotomy did not influence absorption. After 
ligature of the pylorus, the plasma concentration was only halved, 5.07 
f 0.82 ( n  = 10) versus 11.7 f 1.08 (n  = 7 ) ,  indicating that the gastric 
mucosa absorbs tiaprofenic acid. 


Tissue Distribution in Rats-Figure 5 represents plasma and tissue 
concentrations of total radioactivity in the rat 24 hr after ingestion of 
I4C-I. Tissue levels were all very low and generally lower than plasma 
levels. Levels in central nervous system tissues were particularly low. The 
only tissues with concentrations higher than in the plasma were those 
involved in metabolism and excretion (liver and kidney) or in contact with 
excreta (bladder). On the basis of the tissue composition of the rat (7), 
the total concentrations in the whole animal, excluding the GI tract, ac- 
counted for about 2% of the dose. This very low residual fraction indicated 
that I and its metabolites were almost totally eliminated 24 hr after in- 
gestion. 


Excretion Routes in Animals-Renal excretion of I and its metab- 
olites was high in all of the animal species (Table 11). The total radioac- 
tivity excreted in 24 hr accounted for one-half of the dose in the rat and 
two-thirds of the dose in the dog after ingestion of 5 mg/kg. I t  accounted 
for three-fourths of the dose in the mouse and about nine-tenths in the 
rabbit after ingestion of 50 mg/kg. These high excretion levels recorded 
after administration of such a suprapharmacological dose are indicative 
of excellent absorption. 


Recovery of about one-half of the dose in rat feces implies significant 
biliary excretion, since absorption is good in this species. This biliary 
excretion was measured in anesthetized rats after intravenous adminis- 
tration of '*C-I (Fig. 6). Under conditions where bile collection prevented 
enterohepatic recirculation, 70% of the dose was excreted in 6 hr and 80% 
in 24 hr. These results confirmed the importance of biliary excretion of 
I and/or its metabolites. 


Reabsorption of products excreted in the bile was evaluated by com- 
paring the quantity absorbed after administration of bile of control rats 
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Figure 4-Plasma concentrations of tiaprofenic acid during and after a chronic treatment with 600 mglday. Key: 1: dose of 200 mg (mean * SE, 
n = 12). 


with 14C-I added in uitro or of bile collected after intravenous injection 
of 14C-I. These two types of bile samples were administered either orally 
to conscious rats or intraduodenally to  anesthetized rats after catheter- 
ization of the common bile duct. Reabsorption, when given by the ratio 
of the areas under plasma radioactivity curves, was 32% (Fig. 7, top); when 
given by the ratio of the excreted radioactivity in the collected bile 
samples, it was 56% (Fig. 7, bottom). Thus, in the rat, there is a significant 
enterohepatic cycle. 


Tiaprofenic acid was much more rapidly absorbed than its biliary 
metabolites, as indicated by a comparison of plasma kinetics in the first 
assay and of biliary excretion kinetics in the second assay. 


Na tu re  of Excreted Radioactivity in Animals-In the rat, after 
intravenous administration of 14C-I, the percentage of radioactivity ex- 
creted within 6 hr was 29.0 f 1.1 (n = 5 )  in urine (conscious animals) and 
74.1 f 2.5 (n = 4) in bile (anesthetized animals). Compounds I and I1 were 
mainly free in urine, whereas almost nine-tenths was conjugated in bile. 
In both fluids, the yields obtained after hydrolysis a t  alkaline pH were 
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Figure 5-Tissue distribution of total radioactivity in the rat 24 hr 
after oral administration (mean & SE, n = 5). 


greater than those liberated by enzymatic lysis. Conjugates of I and I1 
were consequently acylglucuronides. Their hydrolysis during collection 
due to their instability explains the presence of a larger free fraction in 
urine than in bile under the experimental conditions used. 


Compound 111 was mainly conjugated in urine and bile. Since signifi- 
cant quantities of free I11 were liberated after enzymatic hydrolysis only, 
it was conjugated as an ether glucuronide or sulfate ester of the phenol 
group, although, in addition, an acylglucuronide with the carboxyl group 
could not be excluded. Tiaprofenic acid and its two metabolites repre- 
sented three-fourths of the urinary radioactivity and two-thirds of the 
biliary radioactivity, I being the major fraction in both cases (Fig. 8). The 
two metabolites were excreted mainly oia the urine. The remaining ra- 
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Figure 6-Cumulatiue biliary excretion of total radioactiuity in the rat 
(mean & SE, n = 8). 
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Table 11-Urinary and  Fecal Excretion a of Radioactivity i n  t h e  R a t  and  Urinary Excretion i n  the  Dog, Rabbit, and  Mouse af ter  Oral 
Administration of %-I 


Rat (5) b ,  5 mg/kg Dog (3), Rabbit (3): Mouse (2), 
Hours Urine Feces 5 mg/kg. Urine 50 mdkrc. Urine 50 mdkrr. Urine 


0-24 46.9 f 2.6 41.8 f 2.9 59.3 f 2.5 
24-48 1.2 f 0.2 4.0 f 1.3 5.2 f 2.0 
48-72 0.3 f - c  0.4 f 0.2 - 


Total 0-48 64.5 f 0.6 
Total 0-72 48.4 f 2.7 46.2 f 2.2 - 
Grand total 0-72 94.6 f 1.3 


85.8 f 4.6 - 
- 
- 
- 


73.4 f 3.6 - 
- 
- 
- 


~~ ~~ 


Expressed as means f SE of percent administered radioactivity. Number of animals or of groups of 10 mice. SE < 0.05. 


dioactivity was due to the noncarboxylic degradation products IV and 
V and primarily to polar products(s), possibly nonhydrolyzed conju- 
gate(s). More vigorous hydrolytic methods yielded no further information 
because of degradation. 


In the dog, the percentage of the dose excreted in the urine 6 hr after 
an intravenous injection of 14C-I was 42.8 f 9.4 (n  = 3). Free I1 accounted 
for one-third of the total excretion (15.1 f 6.2%, n = 3).  A small quantity 
of free tiaprofenic acid (0.5% of dose) was unchanged after hydrolysis by 
enzymes or by alkaline pH. On the other hand, the residual polar fraction, 
after isolation by chromatography and hydrolysis by hot 6 N HC1, re- 
leased a significant quantity of I (7.3 f 1.3%, n = 3). considering the easy 
degradation of I under these severe conditions, this quantity was only 
a minimum. The conjugate of I excreted in the urine of the dog was con- 
sequently not an acylglucuronide. Its characteristics suggest that it was 
an amide conjugate. Compound I11 was identified by its mass spectrum 
after hydrochloric acid hydrolysis of this same polar fraction from the 
urine of dogs treated orally by 100 mg of 14C-I/kg. I t  was present in very 
small quantities. 


In rabbit and mouse urine, collected for 24 hr after oral administration 
of 50 mg of l4C-IIkg, tiaprofenic acid was excreted partially conjugated 
and accounted for most of the radioactivity, i.e., 6096 in rabbits and 57% 
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Figure 7-Enterohepatic cycle in the rat. Top: plasma concentrations 
of radioactivity after oral administration of I or its biliary metabolites 
to  conscious rats. Bottom: biliary excretion of radioactivity after in- 
traduodenal administration of I or its biliary metabolites t o  anesthe- 
tized rats. Key: Sr,  control bile with 14C-I added in vitro; and 0 ,  bile 
from treated rats containing1 and its metabolites. I n  both cases, the dose 
was 5 mg of Ilkg or i ts  equivalent calculated from radioactivity (mean 
f SE, n = 5 ) .  


in mice. Its conjugate, because it was hydrolyzed by 8-glucuronidase and 
with a better yield at an alkaline pH, was an acylglucuronide. Compounds 
I1 and 111 occurred mainly in free form and accounted for 5% each of total 
excretion in the rabbit and 5 and lo%, respectively, in the mouse. 


Urinary Excretion in  Humans-Tiaprofenic acid was assayed 
spectrophotometrically in 24-hr urine samples. Its free form and the 
acylg1ucuronide, which was the main form, accounted for 45.2 f 4.9 ( n  
= 17) and 51.4 f 3.5% (n  = 5) of the dose 24 hr after oral administration 
of 100 and 200 mg, respectively. They accounted for 50.3 f 3.4 (n  = 5) 
and 39.7 f 7.9% ( n  = 3) after intramuscular administration of the same 
doses, respectively. Metabolites 11 and 111 were also excreted partly as 
acylglucuronides, but the presence of an ether glucuronide or sulfate ester 
of the alcoholic or phenol groups cannot be excluded completely. Ti- 
aprofenic acid and its two metabolites accounted for 60% of an oral 
100-mg dose (Table 111); I accounted for nine-tenths of the total excretion. 
The excretion of I1 was about double that of 111. 


Biotransformations of tiaprofenic acid in humans and in the four an- 
imal species studied are summarized in Scheme I. 


Induction with Phenobarbital-Enzymatic induction was studied 
by comparing the plasma levels of I and its metabolites and their urinary 
excretions after intravenous injection of I4C-I in rats, with or without 
phenobarbital pretreatment. 


Compound I and its metabolites were cleared more rapidly from plasma 
in phenobarbital-induced rats, since plasma radioactivity was about the 
same 0.25 hr after the injection but was reduced by nearly 50% compared 
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Scheme I-Metabolic pathway of tiaprofenic acid in humans and ani- 
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URINE BILE 


I h  


Figure 8-Urinary and biliary levels of I and its metabolites (after 
deconjugation) in the rat  6 hr after intravenous administration. Key: 
0, tiaprofenic acid; FZB, I I ;  and a, III  (mean i= SE, n = 5, urine; n = 4,  
bile). 


to controls 6 hr after the injection (Fig. 9, top). Plasma levels of I also were 
reduced; its plasma clearance, calculated with a one-compartment open 
model, was increased by 58% (139 compared to 88 ml/hr/kg in control 
animals). There were no significant changes in the quantities of I1 and 
111, which remained very low. 


After induction by phenobarbital, the urinary excretion of radioactivity 
6 hr after injection was slightly increased: 30.1 f 1.5 versus 27.5 f 2.5% 
(n = 5). However, the quantities of I and I1 were lowered, whereas the 
quantity of 111 was increased (Fig. 9, bottom). The radioactivity from 
other origins, mainly composed of polar products, was increased (0.05 
> p > 0.02). 


The enzymes that hydroxylate I and probably those that conjugate I 
and its metabolites are induced by phenobarbital. On the contrary, the 
enzymes that reduce I are not induced by phenobarbital, leading to a 
decrease in the excretion of 11. 


Protein Binding-The amount of radioactivity bound from a non- 
diluted plasma pool from rats 0.5 hr after oral administration of 14C-I was 
98.2 f 0.2% (n = 5). As shown previously, 85% of the plasma radioactivity 
was due to I under these conditions. A similar result, 97.6 f 0.1% (n = 3), 
was obtained from a plasma pool taken from control animals with iden- 
tical concentrations of 14C-I added in vitro. Similarly, 97.9 f 0.3% (n = 
3) of radioactivity was bound when I was added to a solution of human 
albumin (0.5 mM). This concentration was close to that of albumin in 
normal plasma. 


DISCUSSION 


The absorption of tiaprofenic acid was very good in all species studied, 
as shown by a comparison of its plasma kinetics after oral administration 
and after intravenous or intramuscular injection in rats, dogs, and hu- 
mans, as well as by its very high urinary excretion after oral administra- 
tion of a large dose in rabbits and mice. 


The gastric mucosa plays a role in this absorption. In the rat, gastric 
absorption occurs by passive diffusion of undissociated compounds (8), 
and I is certainly weakly dissociated a t  gastric pH. Plasma radioactivity 
in rats with a ligated pylorus 0.5 hr after ingestion was 43% of that ob- 
served in controls, a percentage close to that obtained, under identical 
conditions after ingestion of 3H-water, 14C-ethanol, or 14C-sodium acetate 
(50-7096). Acetic acid, like 1, is only weakly dissociated a t  gastric pH. For 


Table 111-Urinary Excretion a of Tiaprofenic Acid (I) and  Its 
Metabolites (I1 and 111) in Humans for 24 hr following Oral  
Administration of 100 mg of I 


I I1 111 


43.7 
81.3 
50.4 
51.3 
43.7 


54.1 f 7.0b 


1.7 
2.9 
4.5 
2.9 
2.0 


2.8 f 0.5 


0.9 
0.2 
2.5 
1.5 
3.2 


1.7 f 0.5 


Expressed as percent of dose. Mean f SE. 
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Figure 9-Influence of phenobarbital on plasma concentrations and 
urine excretion in the rat. Left: control animals; right, induced animals. 
Key: m, total radioactivity; 0, tiaprofenic acid; a, 11; and m, I I l  (mean 
f SE, n = 5;significance according to Student t test: t, 0.02 > p > 0.01; 
and t t, p < 0.01). 


a highly dissociated product, such as floctafenine (9), a very low (1%) 
percentage was recorded. Human gastric mucosa probably also absorbs 
I since the absorption mechanisms are qualitatively and quantitatively 
identical in both humans and rats (10). Absorption speed and capacity 
were considerable in the rat duodenum after in situ administration. The 
duodenum is certainly the main site of absorption, since, under normal 
conditions, residence time and the area of contact are higher in it than 
in the stomach. 


The very high plasma concentrations recorded shortly after injection 
indicated that the extravascular diffusion space of tiaprofenic acid was 
small in all species. The V, varied, however, according to species. In rats 
and mice, it was about twice that in dogs, rabbits, and humans. Like other 
anionic molecules such as indomethacin ( l l ) ,  fenoprofen (12), and tol- 
metin (13), tiaprofenic acid was extensively bound to the many available 
sites of plasma albumin. 


Radioactivity was almost entirely cleared from the plasma 24 hr after 
administration in all species studied, including the dog where disap- 
pearance was slowest. The clearance of tiaprofenic acid in humans, 6 li- 
t e d h r ,  was close to that of indomethacin, 7.8 liters/hr (14). These values 
are relatively high, about twice those obtained for fenoprofen (15) and 
ketoprofen (calculated from Ref. 16) and much higher than the clearance 
of naproxen, 0.4 liter/hr (calculated from Ref. 17), and phenylbutazone, 
0.1 liter/hr (calculated from Ref. 18). In relation to body weight, human 
clearance of tiaprofenic acid was of the same order as in the rat and rabbit, 
half that  in the mouse, and four times that in the dog. 


The chronic study in humans confirmed rapid elimination, since the 
steady state was reached as early as the end of the 1st treatment day and 
the concentrations were down to zero 24 hr after the last ingestion. The 
maximum concentrations, the areas under curves, and the elimination 
rate constants, which were identical after the first and 40th ingestion, 
showed that tiaprofenic acid cannot inhibit or induce its own biotrans- 
formations. 


Renal excretion, which in rats was equal to fecal excretion, was pre- 
ponderant in humans and in the other species studied. A significant en- 
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terohepatic cycle was demonstrated in the rat. Biliary metabolites were 
absorbed slower than I, since most of them were conjugated, with 
polarities unfavorable to intestinal absorption (19). Progressive hydrolysis 
of acylglucuronides by the weakly alkaline pH in the distal part of the 
duodenum and of all types of conjugates by bacterial enzymes (20) ac- 
counts for this difference. 


Metabolites I1 and 111 were common to all species. In the dog, however, 
I1 was present in large quantities and I11 was present in very small 
quantities. They are pharmacologically less active than I (I). 


In the rat, the clearance of I was greatly increased by phenobarbital, 
partly because of enzymatic induction of hydroxylation. This result is 
in agreement with the location of hydroxylase(s) in the hepatic endo- 
plasmic reticulum, which is stimulated by phenobarbital (21). The ap- 
proximately 50% increase in biliary flow induced by Phenobarbital (22) 
increases the importance of this route of excretion and, together with 
enzymatic induction, accounts for the large increase in plasma clearance 
as opposed to the small increase in urinary radioactivity excretion. On 
the other hand, the enzymes that reduce the ketone group were not in- 
duced, in agreement with the location of several keto reductases in the 
soluble fraction from rabbit (23), rat, and human (24) liver and kid- 
ney. 


No reduction of the ketone group was observed for two compounds 
whose structures, like I, are formed by a ring with a carboxylic radical 
linked to another ring by a carbonyl group: tolmetin [l-methyl-5-(4- 
methylbenzoyl)-2-[1H]-pyrroleacetic acid] (25) and ketoprofen [2-(3- 
benzoylpheny1)propanoic acid] (16). 


For tolmetin, the only metabolite identified in rats, monkeys, and 
humans was the diacid formed by oxidation of the 4-methyl group. For 
ketoprofen, the two metabolites partially identified in rats, dogs, rabbits, 
and humans resulted from hydroxylation in different positions of the 
benzene ring not substituted by a propanoic radical. 


On the other hand, Lan et a/. (26) found that, after administration of 
a similar structure, 4-cyclopropylcarbonylbenzeneacetic acid1* (VI), the 
alcohol derivative was excreted in low quantities in the urine of rats and 
monkeys but in much higher quantities in the urine of dogs. This result 
is parallel to the present observation of a higher urinary excretion of I1 
in the dog than in the rat. 


Regarding secondary biotransformations, a ketoprofen acylglucuronide 
was found in all species, including the dog (16), whereas VI was excreted 
in this species conjugated with taurine (26). Like VI, tiaprofenic acid was 
also excreted as an amide conjugate in the dog but as an acylglucuronide 
in the other species. 
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CO &I M U N I  C A T I  0 N S  


Quantitative IR Spectrophotometric 
Calculations 


Keyphrases 0 IR spectrophotometry-analysis, carbachol, absorbance 
calculation, error reported 0 Absorbance calculations-IR spectropho- 
tometric analysis of carbachol, error reported Carbachol-IR spec- 
trophotometric analysis, absorbance calculation, error reported Cho- 
linergics, ophthalmic-carbachol, IR spectrophotometric analysis, ab- 
sorbance calculation, error reported 


To the Editor: 


In a recent paper (11, the authors made a common 
technical error in the calculation of absorbance from the 
observed values of percent transmittance as read off the 
recorder chart paper. According to the instructions by 
Frank and Chafetz (l), the length of the line read off the 
chart is a linear displacement of the absorption maximum 
along the chart ordinate from 100% transmission, in other 
words, a 1 - T absorption value. 


It is fundamental that the concentration of an active 
absorbing species is not proportional to 1 - T but to log 
1/T.  This is an error of a type, but a related error also was 
made by taking the log of 1/1 - T and equating this term 


This point has been treated in the reference text liter- 
ature (2). The correct procedure is to measure the log l O / l  
values from the experimental values, using the experi- 
mental technique otherwise correctly described. This ap- 
proach is well illustrated in the ASTM Recommended 
Practices (3). 


As pointed out by Potts (2), log 1/T (correctly deter- 
mined) is essentially directly proportional to 1 - T at high 
transmission values, and it is reasonable to assume from 
the excellent results reported by Frank and Chafetz (1) 
that this also holds for log 1/1 - T values. Since reflection 
and scatter effects are small and reproducible in trans- 
mission measurements of solutions and the baseline falls 
at high transmission values relative to the initial 100% T 
set-point, the practical effects in this work were small, with 
little detectable bias error in the final result. 


However, since this paper is one of the few in dosage 
form analysis utilizing IR quantitation, clearly demon- 
strating the value of the specificity imparted by this 
technique, it is important to point out this academic pro- 
cedural point. 


to log 1/T. 
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Tissue Binding of Drugs 
~ 


Keyphrases 0 Phenytoin-tissue binding, normal, nephrotic, and 
uremic humans compared 0 Warfarin-tissue binding, rats with intrinsic 
high and low plasma binding ability compared Tissue binding- 
phenytoin compared in normal, nephrotic, and uremic humans, warfarin 
in rats with intrinsic high and low plasma binding ability 0 Binding, 
tissue-phenytoin compared in normal, nephrotic, and uremic humans, 
warfarin in rats with intrinsic high and low plasma binding ability 
Anticonvulsants-phenytoin, tissue binding, normal, nephrotic, and 
uremic humans compared 0 Anticoagulants-warfarin, tissue binding, 
rats with intrinsic high and low plasma binding ability compared 


To the Editor: 


Intersubject variability in plasma protein binding of 
drugs because of genetic or disease-related factors is widely 
recognized (1-5). The degree of variability in tissue binding 
of drugs, however, is essentially unknown. An important 
exception is the work of Jusko and Weintraub (6), who 
found a positive correlation between postmortem myo- 
cardial-to-serum concentration ratios and antemortem 
creatinine clearances in 15 patients. Based on these ob- 
servations, they suggested that reduced tissue binding may 
explain the relatively small apparent volume of distribu- 
tion of digoxin found in patients with impaired renal 
function (7). 


A more general approach to gaining insight to variability 
in tissue binding was recently suggested (8,9) based on the 
physiological approach to distribution developed by Gil- 
lette (10). It can be shown that: 


(Eq. 1) 


where VS,is the apparent volume of distribution at steady 
state, VB is blood volume, VT is the volume of other tissues 
in the body, and f B  and f T  are the fractions of unbound 
drug in blood and tissue, respectively. For most lipid-sol- 
uble drugs, the sum of VB and VT is equivalent to total 
body water; for drugs that do not penetrate cells, the sum 
of VB and VT is equivalent to the extracellular space. The 
term f T  may be viewed as the average fraction of unbound 
drug in the extravascular space weighted for tissue 
mass. 


We used a modification of this equation to determine 
differences in the tissue binding of phenytoin between 
normal healthy volunteers and nephrotic (3) or uremic (4) 
patients and in the tissue binding of warfarin in rats who 
were intrinsically high or low plasma binders of the drug 
(5). This approach represents a new application of this 
equation. Assuming that V ,  (11) is about equivalent to Vss 
and incorporating the red blood cell volume into the “tis- 
sue” space give: 


f B  v s s  = VR + VT- 
f T  


(Eq. 2) 


where f p  is the fraction of drug unbound in plasma, V, is 
plasma water, and VT is the volume of total body water 
minus plasma volume. The term f~ incorporates binding 
to red blood cells. Apparent volumes of distribution and 
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GETTING TO KNOW THE FDA 


If the average pharmacist is asked what he or she thinks about the federal Food 
and Drug Administration, the answer is apt to be anything from a blank stare to 
a stream of profanity. 


And why not? This shouldn’t be very surprising because there is very little that 
health care practitioners-pharmacists, physicians, dentists, nurses, and others- 
really know about the agency, its workings, and its operations. There is a rather 
vague understanding that this is an all-powerful governmental arm that decides, 
among other things, what we shall have available to eat as well as what will be made 
available to us as medication. 


Although this perception is partially accurate, there is little knowledge of how 
the agency operates, how much it initiates actions, how broad is its scope of re- 
sponsibility, and the like. 


As a result, there often is public furor over some FDA action; health care pro- 
fessionals may have a foggy understanding of the scientific reason for the action, 
but even they rarely have any concept of the legal aspects of the action. Whatever 
their merits on scientific grounds, FDA initiatives regarding saccharin, laetrile, 
phenformin, cyclamates, combination antibiotic products, and the many other 
rhubarbs that have been in the news over the past 20 years have been based upon 
FDA implementation of some law which was not of its own doing. Rather, these 
actions are the result of the agency attempting to do its assigned job as it interprets 
various statutes that Congress has enacted. We shall freely grant that, in the process, 
FDA has had some rather strained and unusual interpretations of what it believes 
Congress has said, but the courts are available to bring challenges when someone 
feels that the agency is overstepping its bounds. And the halls of justice have sus- 
tained the FDA in a high proportion of such cases. 


At any rate, even today recent graduates of our pharmacy, medical, and other 
professional schools rarely have been given more than the most superficial exposure 
to the role of FDA as it relates to professional practice. 


Well, we were pleased to read recently that this is an information gap that 
someone is doing something to correct. Specifically, in the last issue of the American 
Journal of Pharmaceutical Education, R. W. Jacobs and J. C. King of the School 
of Pharmacy at  the University of the Pacific published a report entitled “Devel- 
opment of a Course of Study in FDA Drug Regulatory Procedures.” 


What they set about to do can be neatly summed up in a quote from their arti- 
cle: 


“Zf one acknowledges the fact that the agency works t o  control the 
quality but cannot assure the absolute quality of drugs, then  thepharma- 
cist must share some responsibility for drug quality with the FDA. The  
need for a comprehensive understanding of the drug regulatory proce- 
dures of the FDA can be met  by providing a course as a component of the 
curriculum in pharmacy school. 


“There exists an  apparent lack of understanding of the functions and 
responsibilities of the Food and Drug Administration, the drug regulator, 
by the  pharmacist, the  drug dispenser. Since the common goal of both is 
to assure that only safe, effective, and good quality medications reach the 
patient, an  interface between the FDA and the pharmacy profession 
needs to be created. While the FDA law is slighted in most pharmacy ju-  
risprudence courses, there is need to  expand course scope to  include the 
implementation of the regulations associated with the various FDA pro- 
grams.” 


The Jacobs and King article describes the development of a residency program 
as a cooperative experience between the FDA and the school of pharmacy, from 
which evolved a syllabus for future residencies as well as textual material for a 
didactic course in FDA regulatory procedures. As an addendum to their report, the 
authors provide an outline of the residency program and the various units within 
the FDA operation which were studied for a minimum of one to two weeks each. 
These included the Bureau of Drugs, Pharmaceutical Research and Testing, Bio- 
metrics and Epidemiology, Compliance, Regional Operations, New Drug Evaluation, 
and Drug Monographs. 


It was the conclusion of the authors that the insight gained from such a program 
and course serves to broaden the scope of cooperation between pharmacy and the 
FDA. specifically identified in this regard are: drug recalls, the drug product defect 
reporting system, current good manufacturing practices, drug efficacy study im- 
plementation, over-the-counter drug evaluation, antibiotic and insulin certification, 
methadone monitoring, drug product packaging and stability, maximum allowable 
cost and bioequivalence regulations, and selected aspects of the IND/NDA new 
drug procedures. 


As the form of pharmacy practice changes and as the role and responsibility of 
the pharmacist evolves, there appears to he increasing need for the pharmacist to 
be informed in these matters as part of the formal education process. Consequently, 
we hope that other schools will review the experience of this group and consider 
such a course for current students as well as a pragmatic subject for continuing 
education. 


It may not result in pharmacists growing to love the FDA, but a t  least they will 
be able to deal with issues involving the FDA in a knowledgable rather than emo- 
tional way. And, as an added bonus, it will certainly help pharmacists to under- 
stand-and perhaps even to appreciate-the basis for many of the actions taken 
by their national professional society on various FDA matters. -EGF 








Graphical procedures are adequate when the assay is not of the highest 
quality or turbidity is measured with low precision and accuracy (*0.5% 
2’). Computational procedures are appropriate for high quality auto- 
mated assays. 


Common calibration lines for turbidimetric assays are more likely to 
be curved than straight. Fitting a best straight line to the points or even 
a point-to-point line causes errors in interpolated potencies. The closer 
the calibration line is to a straight line, the smaller will be the errors of 
interpolation. 


Three new expressions, two for antibiotic assays and one for vitamin 
assays, that give straighter lines than those used previously were tested 
by means of three models based on real assays. The new expressions could 
be approximated much better by straight-line segments than could the 
older ones. The relationships used in official methods gave the largest 
computational errors. One new antibiotic equation was designed for as- 
says employing K .  pneumoniae as the test organism. 
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Skin as an Active Metabolizing Barrier I: 
Theoretical Analysis of Topical Bioavailability 


H. Y. ANDO*, N. F. H. HO, and W. I. HIGUCHIX 


A model and explicit equations were developed to be used 
in the experimental design and data evaluation of situations where si- 
multaneous metabolism and transport of drugs occur in the skin. By 
treating the skin as a two-ply laminate composed of the stratum corneum 
and the viable epidermis, which contains most of the catabolic enzymes 
that might render a drug inactive by metabolism, equations were devel- 
oped permitting the i n  uitro assessment of factors that may affect topical 
bioavailability i n  uiuo. Two situations were investigated. In the first, the 
drug was placed on the dermis side of the diffusion cell and did not pen- 
etrate the stratum corneum. In the second, the drug, placed on the epi- 
dermis side, penetrated the stratum corneum and then passed through 
the metabolizing epidermis. Expressions for determining the metabolic 


rate constant from experimental data along with concentration profiles 
and flux expressions are given both for the drug and its metabolite. 


Keyphrases 0 Bioavailability, topical-model and equations developed 
permitting in vitro assessment, assuming simultaneous metabolism and 
drug transport in skin 0 Topical bioavailability-mode1 and equations 
developed permitting in uitro assessment, assuming simultaneous me- 
tabolism and drug transport in skin 


Transport, drug-simultaneous with 
metabolism in skin, model and equations developed permitting i n  uitro 
assessment of bioavailability 


In the past, the major barrier to the delivery of a topical 
dosage form to the site of drug action has been considered 
to be the stratum corneum. The concept of the epidermis 
as a viable, metabolizing membrane, which can provide a 
metabolic barrier for drug action, has long been over- 
shadowed by the emphasis on the passive permeability 
properties of the most superficial skin layer. Topical bio- 


availability should account for not only skin permeation 
but also cutaneous drug metabolism. 


Studies concerning the passive permeability properties 
of the skin as a two-ply laminate (stratum corneum and 
viable epidermis) showed that drugs may enter the epi- 
dermis by breaching the stratum corneum and/or by 
passing through skin follicles, which may be considered 
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essentially lipid- or water-filled pores (1-3). Beneath the 
stratum corneum (the major passive barrier) is the viable 
epidermis and the dermis. Of these two layers, the viable 
epidermis is metabolically the more active. Oxygen con- 
sumption was found to be 5.4 times greater in the epider- 
mis than the dermis in the hairless mouse (4); in human 
skin, the activity of catechol 0-methyltransferase was 8.3 
times higher in the epidermis (5). 


The purpose of the present discussion is to increase the 
understanding of cutaneous metabolism and transport by 
providing a mathematical basis for designing and evalu- 
ating appropriate experiments. 


DISCUSSION 


Impermeable Stratum Corneum-The preceding evidence indicates 
that  a reasonable mathematical model for the skin might be formulated 
from a two-ply laminate composed of the stratum corneum and the viable 
epidermis. The epidermis contains most of the catabolic enzymes that 
render the drug inactive by metabolism, but it is not clear how the dis- 
tribution of catabolic enzymes might vary with epidermal depth. Pre- 
sumably, one would expect a gradual increase in metabolic activity as the 
basal epithelial layer is approached from the stratum corneum. In this 
discussion, the epidermis is considered a homogeneous membrane with 
respect to enzyme activity. Future studies will embody more complicated 
enzyme distributions and should provide an experimental basis for testing 
the homogeneous distribution assumption. 


It may seem unusual to discuss drug bioavailability when the drug is 
not able to penetrate the skin. However, this unfortunate clinical situation 
may be utilized in certain i n  uitro experiments to yield information about 
the metabolic activity of the epidermis. The problem of stratum corneum 
permeability possibly may be altered by vehicles used in the dosage form. 
Such a situation was found for the permeation of vidarabine in hairless 
mouse skin from saline (6). 


Consider the skin in a diffusion cell as illustrated in Fig. 1. In this sit- 
uation, the drug is placed on the dermal side of the diffusion cell. The 
stratum corneum side faces the receptor compartment which contains 
no drug. Let the drug, A ,  and its major metabolite, X ,  be impermeable 
to the stratum corneum (-s 5 x 5 - m )  but permeable to the metabo- 
lizing epidermis ( - m  I x 5 0). The former condition demands that: 


and that: 
(Eq. 1) 


(Eq. 2) 


a t  x = -m, where CA is the concentration of the drug and C.y is the 
concentration of the metabolite. 


After an initial induction period', a steady state will be set up for the 
diffusing drug into the metabolizing epidermis and for the efflux of the 
metabolite out of the epidermis. The flux equations a t  x = 0 are: 


(Eq. 3) 


(Eq. 5) 


F x  = +Paqx[Cx(0 )  - Cx(h)l  (Eq. 6) 


where FA and F x  are the steady-state fluxes for A and X,  respectively; 
DA and DX are the epidermal membrane diffusion coefficients, respec- 
tively; P a q ~  and Paqx are the aqueous diffusion permeability coefficients 
for A and X ,  respectively; and C A ( ~ )  and C x ( h )  are the bulk phase 
concentrations of A and X ,  respectively, in the donor compartment. Flux 
is assumed positive when diffusion is from left to right. Within the me- 
tabolizing epidermis, it is assumed that the enzyme kinetics are first order 
so that: 


(Eq. 7) 


1 If both the drug and its metabolite are highly soluble in the epidermis, this in- 
duction period may be extended. 


-s -m O h  
Figure 1-Impermeable stratum corneum. Drug A moves i n  negative 
x direction, first penetrating the  aqueous diffusion layer (0 5 x 5 h )  
and then  the metabolizing epidermis, M, located at -m I x I 0. T h e  
stratum corneum, S ,  a t  -s 5 x 5 -m, does not permit passage of A 
through it.  T h e  flux of A is considered negatiue, moving from right to 
le f t .  


and: 


(Eq. 8)  


where k ,  is the linear enzyme rate constant for metabolism. 
Concentration Profiles for CA and Cx-Initially, the drug, A ,  in the 


donor compartment diffuses from the bulk into the aqueous diffusion 
layer (0 5 x 5 h )  and penetrates the metabolizing epidermis ( -m 5 x 
5 0). The drug concentration builds up in the epidermis gradually, 
consistent with the constraint that  it cannot penetrate the stratum cor- 
neum (-s 5 x 5 - m). The product, X ,  gradually builds up in the epi- 
dermis and effluxes through the aqueous diffusion layer into the bulk 
phase. It too cannot penetrate the stratum corneum. After a sufficient 
time, a quasisteady state is assumed to be attained so that the concen- 
tration change of A and X at x = 0 and x = h is sufficiently slow that Eqs. 
4 and 6 are always maintained. 


The solution to Eq. 7 has the general form: 


C A ( X )  = P sinh k x  + Q cosh kx (Eq. 9) 
where: 


When the boundary conditions of Eqs. 1 and 4 are applied to Eq. 9, P and 
Q can be determined so that: 


cosh K ( X  + m )  


cosh Km + - sinh Km 
C A ( x )  = CA ( h )  (Eq. 11) 


DAK . 
PaqA 


Integrating Eq. 8, using Eq. 11 for CA,  and evaluating the integration 
constants for the derivative and the function by using Eqs. 2 and 6, re- 
spectively, yield 


r 1 
(Eq. 12) 


2 cosh Km - cosh K ( X  + m )  


cash Km + - sinh Km 
C X ~ )  = C x h )  - Fx (f) I 


Paqx DAK . 
P a a A  


where: 


K' = a (Eq. 13) 
Equations 11 and 12 give the concentration profile for C A ( X )  and C x ( x )  
within the epidermal layer of the skin. 


Flux Equations for A and X-From Eq. 3, FA can be determined a t  
x = 0. Differentiating Eq. 11 and evaluating the derivative at  x = 0 
yield: 


- I +  
P s q ~  DAK tanh Km 


Similarly, Eq. 5 gives Fx,  so using Eq. 12 yields: 


+ 
P a q ~  D ~ K  tanh Km 


Thus: 


or the net flux of A and X is zero during quasisteady state. 
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Integrating Eq. 7 and using Eq. 3 yield: 


FA = k m  S,-" C A ( X )  d x  (Eq. 17) 


This equation means that the total drug flux at  quasisteady state is due 
to the metabolism of the drug over the entire concentration profile within 
the epidermis. 


Limits ofLow andHigh Metabolism-Since k ,  and K are directly re- 
lated by Eqs. 10 and 13, k ,  or K approaches zero in the limit of no me- 
tabolism and: 


CA(X) = CA(h) (Eq. 18) 


FA Fx = 0 (Eq. 19) 


C X h )  = CX(h) (Eq. 20) 


by taking the limiting values of Eqs. 11,12,14, and 15. Equations 18 and 
20 show that, in the absence of metabolism, there is no functional de- 
pendence of the concentrations of A and X within the epidermis at  steady 
state. Equation 19 is consistent with Eq. 17, since both equations show 
that there is no flux without metabolism. 


In the limit of high metabolism, k ,  and K approach infinity and: 


C A ( T )  = 0 (Eq. 21) 


FA = - P a q A C A ( h )  (Eq. 22) 


FX = +PaqACA(h)  (Eq. 23) 


Equation 21 shows, in the high metabolism limit, that the epidermis 
at x = 0 acts as a perfect sink for the diffusion of A through the diffusion 
layer. 


In the aqueous diffusion layer, the transport of A is aqueous diffusion 
controlled (see Eq. 22), as is the transport of X, since the sum of A and 
X is conserved when X is not metabolized. 


Calculation of x-Equations 14 and 15 can be rearranged so that: 
1 - = C1 tanh nm 
K 


a n d  
1 - = CZ tanh Km 
K 


respectively, where: 


a n d  


(Eq. 25) 


(Eq. 27) 


(Eq. 28) 


since FA < 0, for diffusion of A into the epidermis: 


c1= cz (Eq. 29) 


if: 


I F A ~  = IFxl (Eq. 30) 


If Eq. 29 does not hold, then there is probably a significant amount of 
metabolism of X. 


Equations 25 and 26 can be used to determine K once the diffusion 
coefficient for A and the thickness of both the aqueous diffusion layer 
and the epidermis are known. Either a numerical or a graphical solution 
for K can be obtained. 


Permeable Stratum Corneum-Figure 2 depicts the situation of a 
permeable stratum corneum. The drug in the donor compartment of a 
diffusion cell faces the stratum corneum, while the receptor compartment 
faces the epidermis. The flux of the drug in Fig. 2 is in the opposite di- 
rection than in Fig. 1. This physical arrangement is analogous to the 
application of a topical dosage form. Metabolism is assumed to be only 
in the epidermis (-m 5 x 5 0) and not in the stratum corneum (-s I 
1: 5 -m). As the drug, A ,  moves across the stratum corneum, a flux, 
F-,A, enters the epidermis when quasisteady state is attained. The 
boundary conditions a t  n = -m are: 


-/I 
D O N O R  R E C  E P T O R  


-I -m O h  
Figure 2-Permeable stratum corneum. Drug A moues from left t o  right 
i n  the  positive f lux direction, penetrating first the  s t ra tum corneum, 
S, located at -s I x I -m, next  the  metabolizing epidermis, M, at -m 
5 x I 0, and t h e n  the  aqueous diffusion layer at 0 I x I h. 


F - m A  = P.sA[CA(-S) - C A ( - ~ ) ]  (Eq. 32) 
where PSA is the permeability coefficient of the drug in the stratum 
corneum. 


Within the epidermis, linear metabolism is assumed to form the major 
metabolite, X .  A t  x = 0, both A and X diffuse out of the epidermis into 
the aqueous diffusion layer. The quasisteady-state fluxes of A and X are 
given by: 


(Eq. 33)  


Fox = - D x  - "2 I r = O  
(Eq. 35) 


Fox = Paqx[Cx(0) - C x ( h ) l  0%. 36) 


and the differential equations for the concentration profiles for A and 
X are given by Eqs. 7 and 8. 


Concentration Profiles for CA and Cx-The general solution for Eqs. 
7 and 8 within the epidermis is given by Eq. 9. By using Eq. 9 in Eqs. 32 
and 34, P and Q can be determined so that: 


C A ( x )  = 


(Eq. 37) 
To determine C , ( X ) ,  Eq. 8 is integrated twice, and Eqs. 35 and 36 are 


used to evaluate the constants of integration. Therefore: 


- (;)'[P(sinh K X  - K X )  - Q(l - cosh K X ) ]  (Eq. 38) 


where: 


(Eq. 39) 


and: 


and: 
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If Eq. 7 is integrated: 


- FOA = k m  l:, CA ( X )  dx (Eq. 43) 


This equation means that the flux difference between the drug that enters 
the epidermis from the stratum corneum and the drug that leaves the 
epidermis into the aqueous diffusion layer is due to the total amount of 
metabolism within the epidermis. The relationship between FOX and 
F-,x can be found from Eq. 38 to be: 


K'Z F-,x - Fox = - Dx (P (cosh ( ~ m )  - 1) - Q sinh ( ~ m ) ]  (Eq. 44) 


where P and Q are given by Eqs. 39 and 40, respectively. Finally, from 
Eq. 8: 


F-,x - Fox = FOA - F a m ~  (Eq. 45) 


K 


F-,x arises because the stratum corneum is permeable to the metabolite, 
X, so that X diffuses back into the donor chamber. 


Limits of High and Low Metabolism-In the limit of no metabolism 
when K tends to zero, Eqs. 37,38,41, and 42 become: 


Conversely, in the limit of high metabolism: 


CA(s) = 0 (Eq. 50) 


(Eq. 52) 


(Eq. 53) 
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pH-Stat Titration of Aluminum Hydroxide Gel 


NICHOLAS J. KERKHOF *, ROGER K. VANDERLAAN *, 
JOE L. WHITE *, and STANLEY L. HEM *x 


Abstract 0 The pH-stat titration of aluminum hydroxide gel was 
evaluated and was affected by pH, temperature, concentration, and ionic 
strength. Control of these parameters resulted in a highly sensitive and 
reproducible in. uitro antacid test. The utility of the pH-stat test was il- 
lustrated by monitoring the aging of several carbonate-containing alu- 
minum hydroxide gels and by comparing the antacid properties as 
measured by the pH-stat titration, the acid-consuming capacity, the 
Rossett-Rice test, and the test proposed by the Food and Drug Admin- 
istration Drug Evaluation Panel. The pH-stat titration also was useful 
for relatively nonreactive aluminum hydroxide gels. The use of sodium 
fluoride as the reaction medium extended the capability of the pH-stat 
titration to monitor the aging of chloride-containing gels. The pH-stat 
titrigram was interpreted in terms of a previously published polymer 
model of the structure of a chloride-containing aluminum hydroxide gel. 


The acid reactivity of relatively nonreactive gels is believed to  be due 
totally to the chemical neutralization of acid, because the milliequivalents 
of aluminum ion appearing in solution is the same as the milliequivalents 
of acid neutralized throughout the pH-stat titration. 


Keyphrases 0 Aluminum hydroxide gel-pH-stat titration evaluated, 
aging monitored, compared to other tests 0 pH-stat titration-evaluated 
for aluminum hydroxide gel, aging monitored, compared to other tests 


Gels-aluminum hydroxide, pH-stat titration evaluated, aging mon- 
itored, compared to other tests Aging-aluminum hydroxide gel, 
monitored with pH-stat titration, compared to other tests 0 Antacids- 
aluminum hydroxide gel, pH-stat titration evaluated, aging monitored, 
compared to other tests 


Available in  uitro antacid tests may be broadly classified 
as static or dynamic. The acid-consuming capacity test (l), 
the most widely used static test, determines the total 
amount of acid neutralized during 1 hr at 3 7 O .  The dy- 
namic methods may measure the pH profile during acid 
neutralization or determine the acid neutralization rate 
at  a constant pH. The test of Holbert et al. (2) and the 
Rossett-Rice test (3) attempt to simulate the stomach and 
record the pH profile during acid neutralization. Brody 
and Bachrach (4) first proposed a test that measures the 


acid neutralization rate at  a constant pH. This test sub- 
sequently was automated (5)  and recently was correlated 
with in uiuo acid neutralization by aluminum hydroxide 
gel (6). 


The Food and Drug Administration (FDA) Drug Eval- 
uation Panel on antacids proposed a test (7) that combines 
the static approach with the dynamic pH profile. 


A sensitive in uitro antacid test was needed to study the 
structure and mechanism of neutralization of aluminum 
hydroxide gel and to optimize the production of aluminum 
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methylaniline is relatively nonpolar because of the alkyl shielding and 
need not be derivatized to show good chromatographic properties except 
during separation from other intractable anilines (7). The standard is 
prepared as an aqueous solution to minimize evaporation of the solvent 
and solute as well as to simulate actual conditions. 


Linearity of response was tested by injecting standard solutions of 
varying concentrations of dimethylaniline containing a fixed amount of 
the internal standard. A linear regression analysis of seven points in the 
concentration range of 3-200 ppm yielded a statistically significant 
squared multiple correlation coefficient of 0.9998 ( p  > 0.01). To improve 
the precision and reliability of electronic integration, the use of a standard 
approximating the concentration of the analyte in the unknown while 
maintaining identical instrument parameters is recommended. Method 
reliability was verified by spiking samples of ostensibly dimethylani- 
line-free ampicillin with different amounts of standards. Recoveries in 
excess of 99% were obtained, although residual dimethylaniline was oc- 
casionally detected at  low concentrations (e.g., <25 ppm). 


Chromatography was performed at a low temperature, which is capable 
of detecting but is limited to relatively nonpolar substances of low mo- 
lecular weights. Confirmation of identity by the relative retention times 
of the peaks attributed to dimethylaniline and naphthalene was obtained 
by combination GLC and electron-impact mass spectrometry applied 
to several bulk materials. However, conditions were inadequate to 
characterize the occasional foreign peaks. 


Several samples were extracted directly with cyclohexane but did not 
manifest the presence of dimethylaniline until alkali was added. The 
logical presumption is that dimethylaniline was bound as a hydrochloride 
salt. Thus, a measure of total chlorine might correlate with the dimeth- 
ylaniline content and with other quantitative tests as well. However, the 
results listed in Table I1 clearly show that the total chloride content ob- 


tained by neutron activation analysis (8), which ranges up to 7.3 mg/g, 
is far greater than the equivalent amount of dimethylaniline, indicating 
that other contaminants are present. In this context, the amount of di- 
methylaniline found in ampicillin has not demonstrated any correlation 
with the potency or concordance results obtained as prescribed in the 
regulations (9). 
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Aging of Tablets Made with 
Dibasic Calcium Phosphate Dihydrate as Matrix 


J. M. LAUSIER, CHIA-WHEI CHIANG, H. A. ZOMPA, and C. T. RHODES” 


Abstract The aging of direct compression tablets made using dibasic 
calcium phosphate dihydrate as the tablet matrix was investigated over 
16 weeks. The formula included 6% amaranth as a dye tracer. Two sets 
of stress storage conditions were used 25’ and 50% relative humidity and 
45” and 75% relative humidity. Tablets were evaluated periodically by 
visual inspection; determination of the weight of 10 separate tablets, the 
size of 10 tablets measured by a micrometer screw gauge, and the hardness 
of 10 tablets as indicated by a Strong-Cobb hardness tester; the USP 
disintegration time test; and the USP dissolution test. Tablets stored at 
25’ and 50% relative humidity showed an approximately linear increase 
in disintegration and dissolution time over 16 weeks with no other sig- 
nificant changes. Storage at 45’ and 75% relative humidity resulted in 
significant changes in most measured parameters; tablets showed 
blotching, substantial weight loss, and complex changes in disintegration 
and dissolution. The changes at  elevated temperatures are related to loss 
of water of hydration; changes at 25” must be due to other causes. 


Keyphrases 0 Calcium phosphate, dibasic4irect compression tablets, 
aging, effect of temperature and humidity Tablets, direct compres- 
sion-dibasic calcium phosphate, aging, effect of temperature and hu- 
midity Aging-direct compression dibasic calcium phosphate tablets, 
effect of temperature and humidity Dosage forms-direct compression 
tablets, dibasic calcium phosphate, aging, effect of temperature and 
humidity 


Recently, the physical aging of compressed tablets was 
studied, and it was found that complex changes of hardness 
and dissolution may occur over a relatively short period 
(1). However, because of the limited preliminary nature 


of that study, no hypothesis was proposed to rationalize 
these changes. The present report concerns a more detailed 
investigation of the aging of a directly compressed tablet 
formulation. In addition to dissolution and hardness 
measurements, diameter, thickness, disintegration, and 
tablet weight were evaluated over 16 weeks. 


EXPERIMENTAL 


The tablets were prepared by direct compression on a single-punch 
press’ as described previously (1). The following formulation was used: 


40 
DAYS 


Figure 1-Plot of hardness data ouer 16 weeks for  dibasic calcium 
phosphate dihydrate tablets at 25’ and 50% relative humidity (0) and 
at 45” and 75% relative humidity (A). 


Stokes model F, Warminster, Pa. 
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0.12- 
40 ao 120 


DAYS 
Figure 2-Plot of weight variation over 16 weeks for dibasic calcium 
phosphate dihydrate tablets at 25" and 50% relative humidity (0) and 
at 45" and 75% relative humidity (A). 


6.0% (w/w) amaranth as the dye tracer, 0.5% (w/w) magnesium stearate 
as the lubricant, 2.5% (w/w) sodium alginate as the disintegrant, and 
91.0% (w/w) dibasic calcium phosphate dihydrate as the matrix. 


All tablet samples were obtained from a single batch of the formulation 
and had an average weight of 200 mg. Tablets were placed under two sets 
of stress storage conditions: 25" and 50% relative humidity and 45" and 
75% relative humidity. Temperature was controlled f3', and relative 
humidity remained f5%. Techniques for temperature and humidity 
control were as previously described (1). 


Representative samples were removed and evaluated over 16 weeks 
by the following parameters: visual inspection, size measurements using 
micrometer screw gauge, individual weights of 10 tablets, hardness of 10 
tablets made with pneumatic Strong-Cobb hardness tester, USP disin- 
tegration time of six tablets, and USP dissolution test. Dissolution tests 
were performed as previously described (1). 


RESULTS AND DISCUSSION 


Storage conditions of 45" and 75% relative humidity produced signif- 
icant changes in most measured parameters. During the first 6 weeks, 
the tablets were blotchy, indicating that appreciable moisture was col- 
lecting on the tablet surface. This phenomenon disappeared by the 8th 
week. 


While tablet size did not change appreciably under this storage con- 
dition, tablet hardness decreased dramatically during the 1st week (from 
4.0 to 0.5). The hardness then became invariant (Fig. 1). Although 
hardness did not change during the later part of the study, both disin- 
tegration and dissolution continued to change. This result supports the 
previous finding that hardness and disintegration changes are not always 
related. 


Similar effects were observed in tablet weight evaluations. An initial 
weight of 200 mg decreased to an average value of 174 mg after the 2nd 
week (Fig. 2). Calculations of formula weight of the tablet matrix suggest 
that the loss in weight was approximately equivalent to the water of hy- 
dration in the matrix, thus indicating a release of this substance from the 
matrix material. This fact would explain the blotching observed on the 
tablet surface in the first few weeks. 


The similarity of results in hardness and weight evaluations at this 
storage condition indicates that the loss of water of hydration from the 
tablet matrix affected the integrity of the dosage form in direct relation 


I . . . . . .  


DAYS 
40 80 120 


Figure 3-Plot of disintegration times over 16 weeks for dibasic calcium 
phosphate dihydrate tablets at 25" and 50% relative humidity (0) and 
at 45" and 75% (A). 


L . . . . . ,  


40 80 120 
DAYS 


Figure 4-f'lot of release rate of dye over 16 weeks from dibasic calcium 
phosphate dihydrate tablets at 25" and 50% relative humidity (0) and 
at 45" and 75% relative humidity. 


to the amount of water lost. An initial sharp decrease in both weight and 
hardness suggests that most of the water loss occurred during the first 
2 weeks of stress. 


Figure 3 shows the effect of increased storage temperature and relative 
humidity on disintegration time. At 45" and 75% relative humidity, the 
disintegration time decreased substantially after 1 week (from 3.5 to 0.5 
min) and remained constant thereafter. Since the hardness evaluation 
showed parallel decreases, this result was not unexpected. 


Dissolution data (expressed as percentage of dye in solution after 4 
min) showed a complex change over the test period (Fig. 4). There was 
no substantial change in the rate until the 8th week, at which time the 
amount of dye in solution decreased significantly (from 98 to 65%), and 
then the rate increased to 80% by the end of the study. These results 
suggest that loss of water of hydration from the matrix alters the disso- 
lution characteristics of the tablet in a presently unpredictable manner. 
However, other aging factors are probably occurring simultaneously, 
making the evaluation process complex. 


Tablets stored at 25' and 50% relative humidity were sampled at ap- 
propriate intervals over 16 weeks. There were no significant changes in 
size or physical appearance. Hardness and weight data, as represented 
by Figs. 1 and 2, respectively, indicate that loss of water of hydration did 
not occur under these storage conditions and would not be a factor in the 
interpretation of disintegration and dissolution data. 


Disintegration time under these storage conditions increased in an 
approximately linear fashion (Fig. 3) from an initial value of 2.5 to 5.0 
min at  16 weeks. The release rate of dye (Fig. 4) showed a corresponding 
linear decrease (from 75 to 25%) over the same period, which would be 
expected in light of the disintegration data. 


A comparison of test results shows that a multifaceted evaluation must 
be performed in aging studies. At  an elevated temperature of 45' and 75% 
relative humidity, the loss of water of hydration not oaly affected the 
disintegration and dissolution characteristics of the tablets but also 
significantly altered their weight and hardness. Since this phenomenon 
did not occur at 25" and 50% relative humidity, other factors, such as case 
hardening, must play an important role in the aging process. 


Results of this study support the previous finding (1) that evaluation 
of tablet hardness is not a reliable measure of physical aging of tablets. 
In the present study, some significant changes occurred when hardness 
was not changing to any appreciable extent. Of course, this study and the 
previous report (1) dealt only with one type of tablet matrix. It will be 
useful to study other systems, but the results presented here indicate that 
tablet aging is a complex problem, the causes of which are not fully un- 
derstood. 
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Colorimetric Assay of Benzocaine and Some Dosage Forms 


HENRY S. I. TAN’, GARY A. BRUEMMER, and 
DAVID SHELTON * 


Abstract A colorimetric procedure for benzocaine and a number of 
its dosage forms was developed; it offers improvement in ease, speed, and 
sensitivity over the official method. The method is based on the formation 
of a red Schiff base between benzocaine and p-dimethylaminocinnam- 
aldehyde in a nonaqueous acidic medium. At the maximum absorption 
of 544 nm, the Beer-Lambert law was adhered to over the 0.025-2.5-pg/ml 
range. Best accuracy can be obtained for solutions containing 0.25-1.25 
pglml. The color was stable for a t  least 2 hr. Analysis of benzocaine in the 
dosage forms studied can be directly performed without prior drug ex- 
traction. 


Keyphrases Benzocaine-colorimetric analysis, bulk drug and 
commercial dosage forms Colorimetry-analysis, b e n m i n e  bulk drug 
and commercial dosage forms Anesthetics, topical-benzocaine, col- 
orimetric analysis, bulk drug and commercial dosage forms 


Benzocaine (ethyl p-aminobenzoate) is an extensively 
used local anesthetic in various products for the relief of 
pain and pruritis. A significantly large number of products 
are readily available as nonprescription drugs, varying in 
benzocaine concentration from 0.5 to 20.W. 


The NF XIV (1) method for benzocaine is based on the 
known diazotization or nitritometric titration (2-7). This 
tedious and time-consuming titration utilizes standard 
sodium nitrite a t  low temperatures with starch iodide 
paper as an external indicator. The official assay proce- 
dures (1) for benzocaine creams and ointments also are 
based on the same diazotization titration where the end- 
point is determined potentiometrically. In ointments 
having water-insoluble bases, the drug must be isolated by 
solvent extraction prior to the diazotization titration. 
Furthermore, in formulations with antipyrine in glycerin 
or propylene glycol bases, the benzocaine is analyzed by 
UV spectrophotometry after it is separated from antipy- 
rine by column partition chromatography using three 
different columns assembled serially (8,9). 


Colorimetric methods for the analysis of benzocaine 
based on the formation of Schiff bases were performed 
using p-dimethylaminobenzaldehyde (10) and vanillin (11) 
in acidic hydroalcoholic solutions, and the products ob- 
tained were yellow. p-Dimethylaminocinnamaldehyde was 
utilized as a colorimetric agent for primary aromatic 
amines (12-14). This reagent is advantageously employed 
in place of p-dimethylaminobenzaldehyde and vanillin, 
since the resulting Schiff bases are red. This paper presents 
a simple, sensitive, and accurate method for the analysis 
of benzocaine and some of its dosage forms. 


EXPERIMENTAL 


Instruments-A UV-visible double-beam spectrophotometer’ with 
1-cm cells and a dynode voltage of 500 v (slit width 0.35-0.55 mm) and 
an analytical balance2 were used. 


Materials and  Reagents-The following were used: benzocaine3, 


1 Acta V, Beckman Instruments, Fullerton, Calif. 
2 Mettler H-18, Mettler Instruments Corp., Princeton, N.J. 
3 Eastman Kodak Co., Rochester, N.Y. 


Table I-Effect of Time on Absorbance of Benzocaine-p- 
Dimethvlaminocinnamaldehyde Colored Product a 


Minutes after Reaction Absorbance at  544 nm 


2 
5 


10 
20 
50 
70 
90 


0.433 
0.443 
0.445 
0.445 
0.446 
0.445 
0.447 


100 0.445 
120 0.446 


0 Concentration of 0.75 pg of benzocaine/ml. 


acetone-free absolute methanol containing 0.05% water4, a 0.1% (w/v) 
solution of p-dimethylamin~cinnamaldehyde~ (mp 137-139O) in meth- 
anol (stable for a t  least 3 weeks if refrigerated), and a 50% (w/v) solution 
of trichloroacetic acid (ACS grade) in methanol. 


Standard Curve-A stock solution of benzocaine was prepared by 
dissolving 50.0 mg of the drug in methanol. Further dilutions were made 
to prepare standard solutions containing 0.25-25.0 pg of benzocaine/ml. 
One milliliter of each solution was utilized for color development as de- 
scribed under Assay Procedure for Benzocaine. The stock and standard 
solutions were freshly prepared. 


Assay Procedure for Benzocaine-Pipet 1.0 ml of a methanolic 
solution containing 2.5-12.5 pg of benzocaine into a 10-ml volumetric 
flask. T o  this solution, add exactly 2.00 ml of p-dimethylaminocinnam- 
aldehyde reagent followed by 1.0 ml of trichloroacetic acid reagent and 
wait for 10 min. Dilute to volume with methanol, and measure the ab- 
sorbance at  544 nm against a blank prepared similarly but omitting the 
benzocaine. 


Assay Procedure for  Benzocaine Dosage Forms-Creams, Oint- 
ments with Water-Soluble Bases, and Otic Drops-Weigh or pipet ac- 
curately an amount equivalent to 15-50 mg of benzocaine, transfer into 
a 100-ml volumetric flask, and dissolve or suspend in methanol. Dilute 
to volume with methanol. Filter through dry filter paper, if necessary, 
and discard the first 5 ml of filtrate. Pipet 1.0 ml of the filtrate into a 50-ml 
volumetric flask, and dilute to volume with methanol. Pipet 1.0 ml of the 
resulting solution into a 10-ml volumetric flask and proceed as described 
under Assay Procedure for Benzocaine, beginning with: “TO this solution, 
add exactly. . . .” 


Ointments and Suppositories with Water-Insoluble Bases-Weigh 
accurately an amount equivalent to 15-50 mg of benzocaine in a beaker, 
dissolve in 14 ml of cyclohexane, and transfer quantitatively into a 100-ml 
volumetric flask. Rinse the beaker three times with 2-ml portions of cy- 
clohexane, and combine the washings with the cyclohexane solution in 
the volumetric flask. Shake the solution vigorously, and slowly add 
methanol to the mark. Proceed as described for creams, beginning with 
“Filter through dry filter paper. . . .” 


Lozenges-Weigh and grind 20 lozenges to a very fine powder. Add 
slowly an accurately weighed amount of the powder, equivalent to 15-50 
mg of benzocaine, to about 75 ml of methanol in a 100-ml volumetric flask 
with shaking. Place the stoppered volumetric flask in an ultrasonic bath 
for 30 min to enhance dissolution of the benzocaine, and dilute to volume 
with methanol. Proceed as described for creams, beginning with: “Filter 
through dry filter paper. . . .” 


RESULTS AND DISCUSSION 


The red Schiff base produced by the interaction of benzocaine and 
p-dimethylaminocinnamaldehyde in an acidic anhydrous medium ex- 
hibited a maximum absorption at  544 nm (Fig. 1). This reaction resulted 
in a more sensitive and deep coloration than the yellow color obtained 


Fisher Scientific Co., Pittsburgh, Pa. 
Aldrich Chemical Co., Milwaukee, Wis. 
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Table 11-Reproducibility of Color Development of Replicate 
0.5-pg/ml Samples of Benzocaine 


Sample Absorbance at 544 nm 


Average 
SD 


RSD 


0.301 
0.303 
0.302 
0.302 
0.300 
0.300 
0.303 
0.295 
0.295 
0.300 
0.0031 
0.0103 


from the reaction of benzocaine with the commonly used aldehydes such 
as p-dimethylaminobenzaldehyde (10) and vanillin (11). This batho- 
chromic shift was expected since the structure of the Schiff base (I) 
formed with p-dimethylaminocinnamaldehyde showed greater conju- 
gation than, for example, 11, that formed with p-dimethylaminobenzal- 
dehyde. The red color of the product was stable for at least 120 min (Table 
I) .  


The effect of reagents on color development was investigated by adding 
varying volumes of 0.1% p-dimethylaminocinnamaldehyde in methanol 
to 10-ml volumetric flasks, each containing 1.0 ml of 16 pg of benzo- 
caine/ml and 1.0 ml of 50% trichloroacetic acid in methanol. The ab- 
sorbance of each solution was measured a t  544 nm against a blank6 after 
each solution was diluted to volume with methanol. The absorbance 
readings increased with increasing amounts of p-dimethylaminocin- 
namaldehyde up to a concentration of about 250 pg/ml in the final solu- 
tion. 


However, blank solutions containing more than 200 pg of p-dimeth- 
ylaminocinnamaldehyde/ml were dark colored. This condition limits the 
range of usable concentrations and makes the method less sensitive, 
because wider slit widths must be used to maintain the dynode voltage 
on the spectrophotometer at  500 v. Based on these considerations, exactly 
2.0 ml of the 6.1% p-dimethylaminocinnamaldehyde reagent was used 
for color development. Changing the volumes of 50% trichloroacetic acid 
did not appreciably affect absorbance readings; 1.0 ml of this acid reagent 
was used for the assay. 


As in a previous study (14), the color formed was instable in the pres- 
ence of water. Therefore, the methanol used must be as anhydrous as 
possible. The use of methanol containing 0.05% water appeared to be 
satisfactory for the benzocaine assay. 


Under the proposed experimental conditions, a linear response between 
absorbance and concentration was demonstrated over the concentration 
range of 0.025-2.5 pg/ml (r = 0.9997). The linear regression line7 was A544 
= 0.5974C - 0.0059, where A544 is the absorbance at 544 nm and C is the 
concentration expressed in micrograms per milliliter in the final test 
solution. The standard deviations of the slope and y intercept were 0.0121 
and 0.0076, respectively (n = 4). The calculated molar absorptivity, t ,  was 
9.87 X lo4 liter mole-' cm-'. 


Determination of the concentration range for maximum accuracy was 
done by constructing the Ringbom plot (15,16). The plot (Fig. 2) indicates 
an optimum range for solutions containing 0.25-1.25 pg of benzocaine/ml 
in the final test solution. The curve also shows an inflection a t  37% 
transmittance, indicating that the system follows the Beer-Lambert 
law. 


The limit of detection, as determined on 20 samples by the procedure 
of Kaiser (17), a t  the 95% confidence level is 5.5 X M or 0.090 pg of 
benzocainelml in the test solution. 


I1 


Each blank contained the same amount of p-dimethylaminocinnamaldehyde 
and trichloroacetic acid as in the solution studied but contained no benzocaine. 


7 Wang computer 700 C and plotting output writer 2202. 
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Figure 1-Absorption spectrum of the benzocaine-p-dimethylami- 
nocinnamaldehyde reaction product. 


The reproducibility of the proposed color development was determined 
by analyzing nine replicate samples of benzocaine solutions in methanol, 
each containing 0.5 pg/ml. The precision a t  this concentration level 
showed a relative standard deviation of 0.0103 (Table 11). 


The data in Table 111 show the accuracy of the procedure. These studies 
were performed on four different, but accurately known, amounts of 
benzocaine. Each sample was dissolved in 100.0 ml of methanol. Appro- 
priate dilutions were then made to give different concentration levels 
(Table III), which were analyzed by the proposed method. The results 


Table  111-Assay of Solutions of Known Concentrations of 
Benzocaine at Different Levels 


Percent Found 
(Proposed 
Method) Analyzed at Amount 


Amount Concentration Found, mg 
Weighed, Level, (ProDosed Individual Aver- 


mg d m l  Met'hod) Samples age 


53.7 99.4 
53.0 98.1 98.5 
53.0 98.1 
54.9 100.7 


1.6 
2.2 


150.0 0.6 
1.2 
1.8 


154.5 0.6 


percent 
found 
SD 


1.2 
1.9 


300.0 
300.0 


Overall 


54.7 100.4 100.4 
54.6 100.2 


149.8 99.9 
152.1 101.4 100.8 
151.6 101.1 
154.0 99.7 
153.1 99.1 98.8 
150.7 97.5 
3O2.OR 100.7" 
301.5" 100.5" 


99.6 


1.14 


"Analyzed by NF XIV method. 
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Table IV-Assay of Some Commerically Available Benzocaine Formulations 


Formulation 
Amount Benzocaine Claimed, mg/g or Amount Found’ mg/g Or mg/ml Average Percent Label Claim 


m d m l  ProDosed Method NF XIV Method ProDosed Method NF XIV Method 


Ointment (water- 
insoluble base 


Ointment (water-soluble 
base) 


Cream 


Suppository‘ 


Otic drops” 


Otic drops‘ 


20.0 


200.0 


10.0 


130.0d 


200.0 


14.0 


Lozenges 10.01 


19.9 
20.2 


19.7 
20.0 


199.6 199.4 
202.2 


9.67 
202.0 


10.8 
9.65 11.1 


126.0 124.5 
126.8 127.3 
229.0 
228.0 
13.9 
14.1 
9.80 


230.4 
229.5 


14.2 
14.4 
9.72 


100.3 


100.5 


96.6 


97.3 


114.3 


100.0 


98.4 


99.3 


100.4 


109.5 


96.2 


115.0 


102.2 


98.1 - 
9.88 9.89 


0 Contains benzethonium chloride. * Contains menthol, camphor, and triclosan. Contains oxyquinoline sulfate, zinc oxide, menthol, and Peru balsam. 
per suppository. Contains antipyrine. f Milligrams per lozenge. 


Milligrams 


were in agreement with those obtained by the cornpendial method. An 
average of 99.6% of the original amount weighed was found. In compar- 
ison, an average of 100.6% was obtained for two benzocaine samples an- 
alyzed by the NF XIV method. 


Results of analyses of different benzocaine dosage forms by the pro- 
posed method are presented in Table IV. The recovery data showed good 
correlation with those of the N F  XIV procedure. The results also indi- 
cated that benzocaine in ointments or suppositories with water-insoluble 
bases need not be isolated by solvent extraction prior to analysis as re- 
quired by the official method. This difference shortens the analysis time 
considerably. 


The concentration of cyclohexane used to dissolve the ointment or 
suppository in the final test solution was 0.04% (w/v). Increasing the 
cyclohexane concentration to 0.06% (w/v), which corresponded to an 
initial volume of 30 ml, did not affect color intensity or stability. Fur- 
thermore, active ingredients normally present in the benzocaine for- 
mulations studied, such as antipyrine, menthol, camphor, triclosan, 
benzethonium chloride, and oxyquinoline sulfate, do not interfere with 
the reaction and do not have to  be removed; these compounds lack the 
primary aromatic amino functional group necessary for the reaction with 
p-dimethylaminocinnamaldehyde to form a red Schiff base. On the other 
hand, p -aminobenzoic acid, a degradation product of benzocaine, reacts 
under the proposed experimental conditions, producing a red color with 
Amax of 541 nm. 


In the analysis of lozenges, the lozenges must be ground to a very fine 
powder, and care must be taken when suspending the powder in metha- 
nol. The powder must be added slowly with frequent shaking to prevent 
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Figure 2-Ringbom plot for the benzocaine-p-dimethylaminocin- 
namaldehyde reaction product. 


the formation of lumps. The undissolved particles must flow freely upon 
shaking. The use of an ultrasonic bath facilitates the disintegration of 
lumps and enhances the dissolution of benzocaine. The pink dye present 
in the lozenges did not interfere with the analysis. 
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CO &I M U N I  C A T I  0 N S  


Quantitative IR Spectrophotometric 
Calculations 


Keyphrases 0 IR spectrophotometry-analysis, carbachol, absorbance 
calculation, error reported 0 Absorbance calculations-IR spectropho- 
tometric analysis of carbachol, error reported Carbachol-IR spec- 
trophotometric analysis, absorbance calculation, error reported Cho- 
linergics, ophthalmic-carbachol, IR spectrophotometric analysis, ab- 
sorbance calculation, error reported 


To the Editor: 


In a recent paper (11, the authors made a common 
technical error in the calculation of absorbance from the 
observed values of percent transmittance as read off the 
recorder chart paper. According to the instructions by 
Frank and Chafetz (l), the length of the line read off the 
chart is a linear displacement of the absorption maximum 
along the chart ordinate from 100% transmission, in other 
words, a 1 - T absorption value. 


It is fundamental that the concentration of an active 
absorbing species is not proportional to 1 - T but to log 
1/T.  This is an error of a type, but a related error also was 
made by taking the log of 1/1 - T and equating this term 


This point has been treated in the reference text liter- 
ature (2). The correct procedure is to measure the log l O / l  
values from the experimental values, using the experi- 
mental technique otherwise correctly described. This ap- 
proach is well illustrated in the ASTM Recommended 
Practices (3). 


As pointed out by Potts (2), log 1/T (correctly deter- 
mined) is essentially directly proportional to 1 - T at high 
transmission values, and it is reasonable to assume from 
the excellent results reported by Frank and Chafetz (1) 
that this also holds for log 1/1 - T values. Since reflection 
and scatter effects are small and reproducible in trans- 
mission measurements of solutions and the baseline falls 
at high transmission values relative to the initial 100% T 
set-point, the practical effects in this work were small, with 
little detectable bias error in the final result. 


However, since this paper is one of the few in dosage 
form analysis utilizing IR quantitation, clearly demon- 
strating the value of the specificity imparted by this 
technique, it is important to point out this academic pro- 
cedural point. 


to log 1/T. 
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Tissue Binding of Drugs 
~ 


Keyphrases 0 Phenytoin-tissue binding, normal, nephrotic, and 
uremic humans compared 0 Warfarin-tissue binding, rats with intrinsic 
high and low plasma binding ability compared Tissue binding- 
phenytoin compared in normal, nephrotic, and uremic humans, warfarin 
in rats with intrinsic high and low plasma binding ability 0 Binding, 
tissue-phenytoin compared in normal, nephrotic, and uremic humans, 
warfarin in rats with intrinsic high and low plasma binding ability 
Anticonvulsants-phenytoin, tissue binding, normal, nephrotic, and 
uremic humans compared 0 Anticoagulants-warfarin, tissue binding, 
rats with intrinsic high and low plasma binding ability compared 


To the Editor: 


Intersubject variability in plasma protein binding of 
drugs because of genetic or disease-related factors is widely 
recognized (1-5). The degree of variability in tissue binding 
of drugs, however, is essentially unknown. An important 
exception is the work of Jusko and Weintraub (6), who 
found a positive correlation between postmortem myo- 
cardial-to-serum concentration ratios and antemortem 
creatinine clearances in 15 patients. Based on these ob- 
servations, they suggested that reduced tissue binding may 
explain the relatively small apparent volume of distribu- 
tion of digoxin found in patients with impaired renal 
function (7). 


A more general approach to gaining insight to variability 
in tissue binding was recently suggested (8,9) based on the 
physiological approach to distribution developed by Gil- 
lette (10). It can be shown that: 


(Eq. 1) 


where VS,is the apparent volume of distribution at steady 
state, VB is blood volume, VT is the volume of other tissues 
in the body, and f B  and f T  are the fractions of unbound 
drug in blood and tissue, respectively. For most lipid-sol- 
uble drugs, the sum of VB and VT is equivalent to total 
body water; for drugs that do not penetrate cells, the sum 
of VB and VT is equivalent to the extracellular space. The 
term f T  may be viewed as the average fraction of unbound 
drug in the extravascular space weighted for tissue 
mass. 


We used a modification of this equation to determine 
differences in the tissue binding of phenytoin between 
normal healthy volunteers and nephrotic (3) or uremic (4) 
patients and in the tissue binding of warfarin in rats who 
were intrinsically high or low plasma binders of the drug 
(5). This approach represents a new application of this 
equation. Assuming that V ,  (11) is about equivalent to Vss 
and incorporating the red blood cell volume into the “tis- 
sue” space give: 


f B  v s s  = VR + VT- 
f T  


(Eq. 2) 


where f p  is the fraction of drug unbound in plasma, V, is 
plasma water, and VT is the volume of total body water 
minus plasma volume. The term f~ incorporates binding 
to red blood cells. Apparent volumes of distribution and 
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Table I-Apparent Volumes of Distribution and Binding 
Parameters for Phenytoin in Healthy Volunteers, Nephrotic 
Patients, and Uremic Patients 


Clinical Condition VB,  l i tedkg f,, f~ 


Healthy volunteers (n  = 6)u 0.3 0.10 0.22 
Nephrotic patients (n = 6)u 0.6 0.19 0.19 
Healthy volunteers (n = 4)b 0.64 0.12 0.11 
Uremic patients (n = 4)b 1.40 0.26 0.11 


Apparent volumes of distribution and plasma binding data reported in Ref. 3. 
Apparent volumes of distribution and plasma binding data reported in Ref. 4. 


Table 11-Apparent Volumes of Distribution and Binding 
Parameters for Warfarin in  Rats 


V,, liters/kga f p u  f~ 


High plasma binders (n = 6) 0.14 0.004 0.025 
Low plasma binders (n = 7) 0.19 0.014 0.058 


a Values were reported in Ref. 5. 


plasma binding data were obtained from the literature 
(3-5). Total body water was assumed to be 599 ml/kg in 
humans and 660 ml/kg in rats. Plasma volume was as- 
sumed to be 46 ml/kg in humans and 42 ml/kg in rats. 


The findings with phenytoin are summarized in Table 
I. Both types of renal disease resulted in a twofold increase 
in both the fraction of free drug in the plasma and the 
apparent volume of distribution compared to those ob- 
served in healthy volunteers. Consequently, in neither case 
was the apparent tissue binding affected. The reduced 
plasma binding observed in nephrotic patients was es- 
sentially secondary to hypoalbuminemia (3), whereas that 
observed in uremic patients was presumably due to 
changes in the molecular structure of albumin or to the 
accumulation of an avidly bound endogenous inhibitor 
that acts like a displacing agent (12). 


In view of the unaltered tissue binding of phenytoin in 
nephrotic patients, either hypoalbuminemia in the ex- 
travascular space is less pronounced than that observed 
in the vascular space or molecules other than albumin are 
principally responsible for binding phenytoin in the 
tissues. In uremic patients, phenytoin binding sites in the 
tissue are less susceptible to disease-related changes than 
phenytoin binding sites in the plasma. 


As shown in Table 11, differences in plasma protein 
binding of warfarin in rats were paralleled by qualitatively 
similar differences in tissue binding. Rats that showed 
relatively high plasma binding of warfarin also showed 
relatively high tissue binding of the drug. Consistent with 
this finding is the observation that the fraction of warfarin 
unbound to liver homogenates correlated strongly with the 
fraction of warfarin unbound to serum in the same animals 
(5). Perhaps a similar factor is responsible for the inter- 
subject variability of warfarin binding in both plasma and 
tissue of rats. 


The examples presented illustrate the utility, a t  least 
in a conceptual sense, of considering drug distribution in 
a physiological framework (10). Estimations of apparent 
tissue binding can provide guidelines for more extensive 
distribution studies. 
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Characterization of 
Biotin Trimethylsilyl Derivative 
~~ 


Keyphrases Biotin trimethylsilyl derivative-structure determined 
0 Trimethylsilyl derivative of biotin-structure determined GLC- 
mass spectrometry-analysis, trimethylsilyl derivatives of biotin, 
structure determined 0 Vitamins-biotin, structure of trimethylsilyl 
derivative determined 


To the Editor: 
Analytical methods are available for the determination 


of biotin (1,2). In view of the need for a stability-indicating 
assay procedure, the GLC method (2) was investigated. 
The purpose of this communication is to report that the 
silyl derivative actually prepared according to this proce- 
dure is not the silyl ester reported (I) but the trisilyl de- 


0 A 
(CH,), COSiCH,, 


I 
I 
CHJ 


I 


CH, 
I1 


1212 I Journal of Pharmaceutical Sciences 








Journal of 
Pharmaceutical 
Sciences 


OCTOBER 1977 


VOLUME 66 NUMBER 10 


MARY H. FEKGUSON 
Editor 


SHELLY ELLIOTT 
Production Editor 


JANET D. SHOFF 
Copy Editor 


EDWARD G. FELDMANN 
Contributing Editor 


SAMUEL W. GOLDSTEIN 
Contributing Editor 


DAVID BOHARDT 
Director of Publications 


1,. LUAN CORRIGAN 
Assistant Director of Publications 


EDITORIAL ADVISORY BOARD 
,JOHN AUTIAN HARRY B. KOSTENRAUDER 


NORMAN R. HERBERT A. LIEBERMAN 
FAKNSWORTH 


WILLIAM 0. FOYE 


WILLIAM J. JUSKO 


DAVID E. MA”, dR. 


GERALD J. PAPARIEL,I,O 


The Journal of Pharmaceutical Sciences is published 
monthly by the American Pharmaceutical Association at  
2215 Constitution Ave., N.W., Washington, DC 20037. 
Second-class postage paid a t  Washington, D.C., and at  ad- 
ditional mailing office. 


All expressions of opinion and statements of supposed 
tact appearing in articles or editorials carried in this journal 
are published on the authority of the writer over whose 
name they appear and are not to be regarded as necessarily 
expressing the policies or views of the American Pharma- 
ceutical Association. 


Offices-Editorial, Advertising, and Subscription Of- 
fices: 2215 Constitution Ave., N.W., Washington, DC 20037. 
Printing Offices: 20th & Northampton Streets, Easton, PA 
18042. 


Annual Subscriptions-United States and foreign, 
industrial and government institutions $50, educational 
institutions $50, individuals for personal use only $30; 
single copies $5. All foreign subscriptions add $5 for postage. 
Subscription rates are subject to change without notice. 
Members of the American Pharmaceutical Association may 
elect to receive the Journal of Pharmaceutical Sciences as 
a part 01 their annual $60 (foreign $65) APhA membership 
dues. 


Claims-Missing numbers will not be supplied if dues 
or subscriptions are in arrears for more than 60 days or if 
claims are received more than 60 days after the date of the 
issue, or if loss was due to failure to give notice of change of 
address. The Association cannot accept responsihility for 
foreign delivery when its records indicate shipment has been 
made. 


Change of Address-Members and subscribers should 
notifv a t  once both the Post Office and the American 
Pharmaceutical Association, 2215 Constitution Ave., N.W., 
Washington, DC 20037, of any change of address. 


Microfilm-Microfilm volumes are available from 
University Microfilms International, 300 N. Zeeb Road, Ann 
Arbor, MI 48106. 
0 Copyright 1977, American Pharmaceutical Association, 


2215 Constitution Ave., N.W., Washington, DC 20037; all 
rights reserved. 


GETTING TO KNOW THE FDA 


If the average pharmacist is asked what he or she thinks about the federal Food 
and Drug Administration, the answer is apt to be anything from a blank stare to 
a stream of profanity. 


And why not? This shouldn’t be very surprising because there is very little that 
health care practitioners-pharmacists, physicians, dentists, nurses, and others- 
really know about the agency, its workings, and its operations. There is a rather 
vague understanding that this is an all-powerful governmental arm that decides, 
among other things, what we shall have available to eat as well as what will be made 
available to us as medication. 


Although this perception is partially accurate, there is little knowledge of how 
the agency operates, how much it initiates actions, how broad is its scope of re- 
sponsibility, and the like. 


As a result, there often is public furor over some FDA action; health care pro- 
fessionals may have a foggy understanding of the scientific reason for the action, 
but even they rarely have any concept of the legal aspects of the action. Whatever 
their merits on scientific grounds, FDA initiatives regarding saccharin, laetrile, 
phenformin, cyclamates, combination antibiotic products, and the many other 
rhubarbs that have been in the news over the past 20 years have been based upon 
FDA implementation of some law which was not of its own doing. Rather, these 
actions are the result of the agency attempting to do its assigned job as it interprets 
various statutes that Congress has enacted. We shall freely grant that, in the process, 
FDA has had some rather strained and unusual interpretations of what it believes 
Congress has said, but the courts are available to bring challenges when someone 
feels that the agency is overstepping its bounds. And the halls of justice have sus- 
tained the FDA in a high proportion of such cases. 


At any rate, even today recent graduates of our pharmacy, medical, and other 
professional schools rarely have been given more than the most superficial exposure 
to the role of FDA as it relates to professional practice. 


Well, we were pleased to read recently that this is an information gap that 
someone is doing something to correct. Specifically, in the last issue of the American 
Journal of Pharmaceutical Education, R. W. Jacobs and J. C. King of the School 
of Pharmacy at  the University of the Pacific published a report entitled “Devel- 
opment of a Course of Study in FDA Drug Regulatory Procedures.” 


What they set about to do can be neatly summed up in a quote from their arti- 
cle: 


“Zf one acknowledges the fact that the agency works t o  control the 
quality but cannot assure the absolute quality of drugs, then  thepharma- 
cist must share some responsibility for drug quality with the FDA. The  
need for a comprehensive understanding of the drug regulatory proce- 
dures of the FDA can be met  by providing a course as a component of the 
curriculum in pharmacy school. 


“There exists an  apparent lack of understanding of the functions and 
responsibilities of the Food and Drug Administration, the drug regulator, 
by the  pharmacist, the  drug dispenser. Since the common goal of both is 
to assure that only safe, effective, and good quality medications reach the 
patient, an  interface between the FDA and the pharmacy profession 
needs to be created. While the FDA law is slighted in most pharmacy ju-  
risprudence courses, there is need to  expand course scope to  include the 
implementation of the regulations associated with the various FDA pro- 
grams.” 


The Jacobs and King article describes the development of a residency program 
as a cooperative experience between the FDA and the school of pharmacy, from 
which evolved a syllabus for future residencies as well as textual material for a 
didactic course in FDA regulatory procedures. As an addendum to their report, the 
authors provide an outline of the residency program and the various units within 
the FDA operation which were studied for a minimum of one to two weeks each. 
These included the Bureau of Drugs, Pharmaceutical Research and Testing, Bio- 
metrics and Epidemiology, Compliance, Regional Operations, New Drug Evaluation, 
and Drug Monographs. 


It was the conclusion of the authors that the insight gained from such a program 
and course serves to broaden the scope of cooperation between pharmacy and the 
FDA. specifically identified in this regard are: drug recalls, the drug product defect 
reporting system, current good manufacturing practices, drug efficacy study im- 
plementation, over-the-counter drug evaluation, antibiotic and insulin certification, 
methadone monitoring, drug product packaging and stability, maximum allowable 
cost and bioequivalence regulations, and selected aspects of the IND/NDA new 
drug procedures. 


As the form of pharmacy practice changes and as the role and responsibility of 
the pharmacist evolves, there appears to he increasing need for the pharmacist to 
be informed in these matters as part of the formal education process. Consequently, 
we hope that other schools will review the experience of this group and consider 
such a course for current students as well as a pragmatic subject for continuing 
education. 


It may not result in pharmacists growing to love the FDA, but a t  least they will 
be able to deal with issues involving the FDA in a knowledgable rather than emo- 
tional way. And, as an added bonus, it will certainly help pharmacists to under- 
stand-and perhaps even to appreciate-the basis for many of the actions taken 
by their national professional society on various FDA matters. -EGF 








If Eq. 7 is integrated: 


- FOA = k m  l:, CA ( X )  dx (Eq. 43) 


This equation means that the flux difference between the drug that enters 
the epidermis from the stratum corneum and the drug that leaves the 
epidermis into the aqueous diffusion layer is due to the total amount of 
metabolism within the epidermis. The relationship between FOX and 
F-,x can be found from Eq. 38 to be: 


K'Z F-,x - Fox = - Dx (P (cosh ( ~ m )  - 1) - Q sinh ( ~ m ) ]  (Eq. 44) 


where P and Q are given by Eqs. 39 and 40, respectively. Finally, from 
Eq. 8: 


F-,x - Fox = FOA - F a m ~  (Eq. 45) 


K 


F-,x arises because the stratum corneum is permeable to the metabolite, 
X, so that X diffuses back into the donor chamber. 


Limits of High and Low Metabolism-In the limit of no metabolism 
when K tends to zero, Eqs. 37,38,41, and 42 become: 


Conversely, in the limit of high metabolism: 


CA(s) = 0 (Eq. 50) 


(Eq. 52) 


(Eq. 53) 
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pH-Stat Titration of Aluminum Hydroxide Gel 


NICHOLAS J. KERKHOF *, ROGER K. VANDERLAAN *, 
JOE L. WHITE *, and STANLEY L. HEM *x 


Abstract 0 The pH-stat titration of aluminum hydroxide gel was 
evaluated and was affected by pH, temperature, concentration, and ionic 
strength. Control of these parameters resulted in a highly sensitive and 
reproducible in. uitro antacid test. The utility of the pH-stat test was il- 
lustrated by monitoring the aging of several carbonate-containing alu- 
minum hydroxide gels and by comparing the antacid properties as 
measured by the pH-stat titration, the acid-consuming capacity, the 
Rossett-Rice test, and the test proposed by the Food and Drug Admin- 
istration Drug Evaluation Panel. The pH-stat titration also was useful 
for relatively nonreactive aluminum hydroxide gels. The use of sodium 
fluoride as the reaction medium extended the capability of the pH-stat 
titration to monitor the aging of chloride-containing gels. The pH-stat 
titrigram was interpreted in terms of a previously published polymer 
model of the structure of a chloride-containing aluminum hydroxide gel. 


The acid reactivity of relatively nonreactive gels is believed to  be due 
totally to the chemical neutralization of acid, because the milliequivalents 
of aluminum ion appearing in solution is the same as the milliequivalents 
of acid neutralized throughout the pH-stat titration. 


Keyphrases 0 Aluminum hydroxide gel-pH-stat titration evaluated, 
aging monitored, compared to other tests 0 pH-stat titration-evaluated 
for aluminum hydroxide gel, aging monitored, compared to other tests 


Gels-aluminum hydroxide, pH-stat titration evaluated, aging mon- 
itored, compared to other tests Aging-aluminum hydroxide gel, 
monitored with pH-stat titration, compared to other tests 0 Antacids- 
aluminum hydroxide gel, pH-stat titration evaluated, aging monitored, 
compared to other tests 


Available in  uitro antacid tests may be broadly classified 
as static or dynamic. The acid-consuming capacity test (l), 
the most widely used static test, determines the total 
amount of acid neutralized during 1 hr at 3 7 O .  The dy- 
namic methods may measure the pH profile during acid 
neutralization or determine the acid neutralization rate 
at  a constant pH. The test of Holbert et al. (2) and the 
Rossett-Rice test (3) attempt to simulate the stomach and 
record the pH profile during acid neutralization. Brody 
and Bachrach (4) first proposed a test that measures the 


acid neutralization rate at  a constant pH. This test sub- 
sequently was automated (5)  and recently was correlated 
with in uiuo acid neutralization by aluminum hydroxide 
gel (6). 


The Food and Drug Administration (FDA) Drug Eval- 
uation Panel on antacids proposed a test (7) that combines 
the static approach with the dynamic pH profile. 


A sensitive in uitro antacid test was needed to study the 
structure and mechanism of neutralization of aluminum 
hydroxide gel and to optimize the production of aluminum 
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Table I-Effect of Concentration on the pH-Stat Ti t ra t ion of 
Carbonate-Containing Aluminum Hydroxide Gel" U 


w 
E 


0 
P 
a 


Reaction k l l ,  mEq/ kII1, mEq/ Initiation of T50, 
Volume. ml min min Phase 111. min mln 


11 0.32 0.57 1.3 2.2 
22 0.29 0.48 1.5 2.6 
33 0.26 0.41 1.8 3.0 


11 
22 
33 


0.32 0.57 1.3 2.2 
0.29 0.48 1.5 2.6 
0.26 0.41 1.8 3.0 


Contained 38 mg equivalent A1203 in all cases. 


hydroxide gel and the design of aluminum hydroxide gel 
dosage forms. The present study was undertaken to eval- 
uate critically the test parameters that affect the pH-stat 
titration, to establish if the test can be used with non- 
reactive as well as reactive gels, and to determine if the test 
possesses sufficient sensitivity and precision to be useful 
in structural studies. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. 


Aluminum Hydroxide Gel Preparation-Carbonate-containing 
aluminum hydroxide gel was prepared by the reaction of aluminum 
chloride, sodium bicarbonate, and sodium carbonate to a final pH of 6.5 
(8). Chloride-containing aluminum hydroxide gels were prepared by the 
reaction of aluminum chloride and strong ammonia solution to a final 
pH of 7.0 or 9.2 (8). 


Determination of Acid Reactivity by pH-Stat Titration-The acid 
reactivity was measured using an automated pH-stat technique similar 
to the method described by Steinherg et al. (5). A pH meter, a titrator, 
an autoburet, a titration assembly, and a recorder' were used. 


An appropriate volume of water was added to the reaction vessel and 
adjusted to pH 3.0. A volume of aluminum hydroxide gel containing 38 
mg equivalent A1203 was then added. The volume of water was adjusted 
for each sample to produce a reaction volume of 22 ml. The instrument 
was set to maintain pH 3.0 by adding 1.0 N HCl from the autoburet and 
it was activated simultaneously with the sample injection. The recorder 
plotted milliliters of 1.0 N HC1 added uersus time. 


The acid reactivity of the chloride-containing aluminum hydroxide 
gel also was determined using a sodium fluoride solution as the reaction 
medium. A 25-ml aliquot of 0.5 N NaF was added to  the reaction vessel 
and adjusted to pH 6.5 with 1.0 N HCI. A gel sample containing 38 mg 
equivalent A1203 was added and the instrument was activated to maintain 
pH 6.5 by t.he addition of 1.0 N HCl from the autoburet. 


Variables Affecting pH-Stat Titration-A completely randomized 
33 factorial study was designed to evaluate the significance of tempera- 
ture, pH, and stirring speed on the acid reactivity of aluminum hydroxide 
gel as measured by the pH-stat technique. A freshly precipitated car- 
bonate-containing aluminum hydroxide gel was used. Three levels of each 
variable were fixed. The temperature levels were 25,31, and 37O; the pH 
levels were 2.0,2.5, and 3.0; and the stirring speeds2 were 650,900, and 
1400 rpm. The experiment was conducted in 1 day by one operator. Five 
random replicate trials were determined to estimate the random error. 


Three dependent variables, Tzs, 7'50, and 7'90, were determined from 
the pH-stat reactivity curves; they were the times required to add 25,50, 
and SO%, respectively, of the total 1.0 N HCl needed to neutralize the 
aluminum hydroxide gel. 
In Vitro Antacid Tests-The official procedure for the acid-con- 


suming capacity test (1) was followed. 
The pH profile during the neutralization reaction was followed by the 


Rossett-Rice test (3) .  Seventy milliliters of 0.1 N HC1 and 30 ml of water 
were added to a 400-ml jacketed reaction vessel. When the temperature 
reached 3 7 O ,  a 300-mg equivalent A1203 sample was added. Simulta- 
neously, a pump calibrated to add 0.1 N HC1 a t  a rate of 4 ml/min was 
activated. A pH meter attached to a recorder provided a record of the time 
course of the pH during the neutralization reaction. The pH profile is 
characterized by the lag time, the time to reach pH 3, and the Rossett- 
Rice time, the time during which the pH is maintained between 3 and 
5. 


A H meter PHM 26, titrator TTT 11, autoburet ABU 12 (2.5 ml), titration 


Stirring speed was measured by a stroboscope; Strobotac, General Radio Co., 
assemgly TTA 3, and recorder SBR 2;  Radiometer, Copenhagen, Denmark. 


Cambridge, Mass. 


/ 


MINUTES 
Figure 1-Characteristic pH-stat  t i tr igm; of carbonate-containing 
a luminum hydroxide gel showing phases I ,  II, and III. 


The FDA antacid review panel (7) proposed a two-part i n  uitro test 
for antacids. The preliminary antacid test measures the pH of the neu- 
tralization medium after 10 min. If the pH is 3.5 or greater, the acid- 
neutralizing capacity test is run. This test measures the amount of acid 
neutralized in the first 15 min. 


Analytical Procedures-The equivalent aluminum oxide content 
of each gel was determined by the ethylenediaminetetraacetic acid ti- 
tration (1). 


The total chloride content of the chloride-containing gels was deter- 
mined by the Volhard titration (9) after 3 g of gel was dissolved in 15 ml 
of 6 N nitric acid. 


The appearance of aluminum ion during the neutralization of chlo- 
ride-containing aluminum hydroxide gel was monitored by a modified 
ethylenediaminetetraacetic acid titration. It was assumed that only the 
aluminum ion in the neutralization reaction mixture would chelate and 
that aluminum not released from the gel structure by the neutralization 
reaction would not be detected. The ethylenediaminetetraacetic acid 
titration (1) was modified by omitting the addition of acid to dissolve the 
gel and by not heating the sample drawn from the neutralization reaction. 
These steps would be likely to increase the amount of aluminum ion in 
solution by accelerating the neutralization reaction. However, these two 
changes had no effect on the analysis of a standard aluminum chloride 
solution because both analytical procedures gave the theoretical alumi- 
num concentration. 


Ultrafiltration and centrifugation procedures were tried to separate 
the unreacted solids in the reaction mixture prior to the aluminum assay. 
These methods were not satisfactory due to the time required for the 
separation and the rapid aging characteristics of the chloride-containing 
aluminum hydroxide gel. Thus, the modified ethylenediaminetetraacetic 
acid titration, which did not require a separation step, was used. Freshly 
precipitated gel, 20 ml, accurately weighed, was diluted with 20 ml of 
water, and the pH-stat reactivity was determined a t  pH 3.0. A 25.0-ml 
buret was used to deliver 1.0 N HCl from the autoburet. During the 
neutralization reaction, six 2.0-ml samples were withdrawn at  various 
times and analyzed for aluminum ion by the modified ethylenedia- 
minetetraacetic acid titration. 


For X-ray analysis, a gel sample was air dried at room temperature and 
ground to a fine powder with an agate mortar and pestle. Powder speci- 
mens were prepared using aluminum McCreery mounts. The diffraction 
pattern was recorded3 from 6 to 30" 20 under the following conditions: 
CuKa radiation, 40 kv, 20 mamp, 500 Hz full scale, and 2O/min scan 
speed. 


IR spectra4 were obtained by air drying a 0.10-ml gel sample on a zinc 
sulfide5 window. The concentration on the window was 0.3 mg of alumi- 
num oxide/cm2. 


RESULTS AND DISCUSSION 


Measurement of Acid Reactivity of Carbonate-Containing 
Gels-Figure 1 is a characteristic pH-stat neutralization curve of a 
completely reactive carbonate-containing aluminum hydroxide gel. The 
neutralization reaction appears to be composed of three phases: an initial 
rapid phase (I), a slow zero-order period (11), and a more rapid terminal 


3 Norelco, Phillips Electronic Instruments, Mount Vernon, N.Y. 


5 Irtran 2 ,  Eastman Kodak Co., Rochester, N.Y. 
Model 421, Perkin-Elmer Corp., Norwalk, Conn. 
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Table 11-Effect of Ionic Strength of Reaction Medium on pH- 
Stat Titration of Carbonate-Containing Aluminum Hydroxide 
Gel 


Table IV-Effect of pH on Acid Neutralization Rate  


Tw. min 


Reaction Ionic k11, mEq/ 
Medium Strength rnin 


Distilled 0 0.206 
water 


0.2 M NaCl 0.20 0.397 
0.4 M NaCl 0.40 0.543 
0.6 M NaCl 0.60 0.568 
0.8 M NaCl 0.80 0.657 
1.0 M NaCl 1.00 0.694 
0.037 M 0.222 0.357 


AlC13 
0.1 M AlC13 0.60 0.555 
0.2 M AlClq 1.20 0.610 


k m  mEq/ 
min 


0.367 


0.481 
0.610 
0.657 
0.735 
0.806 
0.471 


0.644 
0.749 


Initiation of 
Phase 111, min 


2.2 


1.7 
1.0 
0.9 
0.8 
0.7 
1.7 


0.8 
0.7 


Aluminum Hydroxide Sodium Calcium 
PH Gel0 Bicarbonate Carbonatec 


3.5 


2.3 
1.8 
1.7 
1.5 
1.4 
2.2 


1.6 
1.4 


zero-order phase (111). In Fig. 1, phase I1 begins a t  0.23 rnin and phase 
I11 begins a t  1.5 min. The acid neutralization rate during phase I is very 
rapid and exceeds the capability of the autoburet to add compensating 
acid. Thus, the total volume of acid neutralized during phase I can be 
measured, but no rate measurements are possible. 


The specially prepared computer program evaluated neutralization 
rate periods I1 and 111 by simple linear regression. The output consisted 
of the two zero-order rate constants (k l l  and krrl), the linear correlation 
coefficients, the F-test ratio, the percent aluminum oxide based on total 
acid neutralized, and the time for the initiation of phase 111. This time 
was computed from the intersection of the k l l  line with the k111 line by 
using simultaneous equations from linear regression analysis of the two 
neutralization rate periods. 


A second approach used to evaluate the pH-stat titrigrams was to de- 
termine the time required to add 50% (7'50) of the total 1.0 N HCI needed 
to neutralize the aluminum hydroxide gel. This approach is limited to 
completely reactive aluminum hydroxide gels. 


Variables Affecting pH-Stat Titration-Analysis of variance of the 
33 factorial design experiment, using the three-way interaction as the 
error term (lo), indicated that pH and temperature were significant a t  
the 0.5% level. There was also a significant pH-temperature interaction. 
Stirring speed was not a significant main effect within the range of stirring 
speeds available with the titration assembly. The critical factors of pH 
and temperature can be controlled easily during the titration, resulting 
in a highly reproducible test. Conditions were standardized using pH 3.0, 
25", and 900 rpm. 


The neutralization reaction proceeds faster as the concentration of 
equivalent aluminum oxide in the sample is increased (Table I). The 
concentration of the reacting medium was, therefore, standardized a t  38 
mg equivalent A1203/22 ml. This concentration was chosen because 2.235 
mEq (89.4% of the volume of 1.0 N HCI available in the 2.5-ml buret) 
would be neutralized if the equivalent aluminum oxide reacted stoi- 
chiometrically with hydrochloric acid. 


The ionic strength of the reaction medium also affects the pH-stat ti- 
tration. Table I1 shows that the neutralization reaction proceeds more 
rapidly as the ionic strength is increased. Distilled water was selected as 
the reaction medium, although the ions generated during the neutral- 
ization reaction caused a slight change in ionic strength during the ti- 
tration. The complete neutralization of 38 mg of aluminum oxide/22 ml 


2.0 0.5 0.05 
2.5 1.0 - 
3.0 2.2 0.10 
3.5 3.2 - 
4.0 7.2 0.10 
4.5 NRd - 


0.1 


0.1 


0.2 


- 
- 


- 


a Contained 38 mg of aluminum oxide. b Contained 185 m of sodium bicar- 
bonate. c Contained 110 mg of calcium carbonate. Thirty-eigtt percent reacted 
in. 160 min. e No appreciable reaction. f Twenty-four percent reacted in 160 
min. 


by hydrochloric acid will result in an ionic strength of 0.15. The effect of 
the continuously changing ionic strength caused by the neutralization 
reaction could be minimized by using a sodium chloride or aluminum 
chloride solution as the reaction medium. 


The reproducibility of the pH-stat titration of aluminum hydroxide 
gel under fixed conditions of pH 3.0,25', 900 rpm, and 38 mg of aluminum 
oxide/22 ml of water was determined by 10 replicate pH-stat titrations 
of a carbonate-containing gel containing 3.52% equivalent aluminum 
oxide. The mean values for k11 and kIII were 0.172 and 0.317 mEq/min 
with standard deviations of 0.005 and 0.017, respectively. The initiation 
of phase 111 occurred a t  2.4 f 0.1 min. The 7'50 was 3.9 f 0.1 min. These 
results indicate that the parameters affecting the pH-stat titration can 
be controlled and that i t  is a sensitive, reliable, and highly reproducible 
technique for monitoring the acid reactivity of aluminum hydroxide 
gel. 


Comparison of In Vitro Antacid Tests-The sensitivity and re- 
producibility of the pH-stat titration suggest that i t  may be more useful 
than present in uitro tests in detecting differences in the acid neutral- 
ization rate of aluminum hydroxide gel. The in uitro tests were compared 
by monitoring the aging of a laboratory carbonate-containing aluminum 
hydroxide gel and by examining one laboratory carbonate-containing 
gel and two commercial gels of different ages. 


The data in Table 111 for Gel 1 indicate that the pH-stat titration is 
capable of detecting changes in the acid neutralization rate on a daily 
basis. The time for 50% neutralization increased from 3.7 to 7.2 min over 
10 days. The acid-consuming capacity test, the Rossett-Rice time, and 
the FDA antacid review panel test were insensitive to the changes oc- 
curring in the gel structure. The lag time in the Rossett-Rice test did 
increase from 0.1 to 0.2 min during the 10 days. However, this parameter, 
although suggesting a structural change, is not capable of monitoring daily 
changes in acid reactivity of the gel. 


The utility of the pH-stat titration also is seen when three aluminum 
hydroxide gels, ranging in age from 3 to 33 months, are compared. The 
7'5" values for Gels 2,3, and 4 (Table 111) were 11.2,24.8, and 46 min, re- 
spectively, and were directly related to age. 


The acid-consuming capacity measures the milliliters of 0.1 N HC1 
neutralized by 1 g of gel in 1 hr a t  37'. Using this parameter, it is difficult 
to compare gels of different equivalent aluminum oxide content. The acid 


Table 111-Comparison of In Vitro Antacid Tests - 
Acid-Consuming Capacity Test FDA Antacid Review Panel 


Testa 
Rossett-Rice Test" ~ 


0.1 N HCl 
0.1 N HC1 Consumed Theoretical ~ Hydrochloric pH-Stat 


Consumed per per Gram of Acid-Consu- Rossett- pH of Acid Titra- 
Gram Aluminum Oxide, ming Rice Lag Time, Preliminary Neutralized tionb 


Gel, % A1203 Age of Gel, ml ml Capacity, % Time, min min Antacid Test in 15 min, mEq T ~ o ,  min 
If, 3.3 1 day 20.34 616.4 104.8 30.0 0.1 4.1 18.5 3.7 
1,3.3 2 days 20.34 616.4 104.8 30.0 0.1 4.1 18.5 3.9 
1 ,  3.3 3 days 20.34 616.4 104.8 30.0 0.1 4.1 18.5 4.4 
1,3.3 6 days 20.34 616.4 104.8 30.0 0.15 4.1 18.5 5.4 
1, 3.3 7 days 20.34 616.4 104.8 30.0 0.15 4.1 18.5 5.8 
1,3.3 9 days 20.34 616.4 104.8 30.0 0.2 4.1 18.5 6.6 
1,3.3 10 days 20.34 616.4 104.8 30.0 0.2 4.1 18.5 7.2 
2c, 4.1 3 months 25.65 625.6 106.4 29.2 0.4 4.0 18.5 11.2 
3 d ,  4.2 21 months 25.22 600.5 102.1 29.0 1.5 3.9 16.9 24.8 
4d, 5.2 33 months 30.99 596.0 101.4 26.3 2.4 3.8 16.9 46.0 


Sample contained BOO mg equivalent A1203. * Sample contained 38 mg equivalent A1203. Laboratory gel. Commercial product. 
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Figure 2-The pH-stat titrigram of a chloride-containing aluminum 
hydroxide gel precipitated at p H  9.2 and aged at 25'. Key: A, 15 min; 
B,1.5hr;C,2.5hr;D,4hr;E,6.5hr;andF,24hr.  


~i~~~~ 3-The p ~ i - s t a t  titrigram of a chloride-containing aluminum 
hydroxide gel precipitated at PH 9.2 and aged at 25". Reaction medium 
was 0.5 N NaF at pH 6.5. Key: A, 4 hr; B, 8 hr; C, 1 day; D, 2 days; and 


reactivity of different gels could be compared more accurately if the 
milliliters of 0.1 N HC1 that react with 1 g of equivalent aluminum oxide 
were expressed. Another alternative that would make the acid-consuming 
capacity test more useful for studying gels of different equivalent alu- 
minum oxide content would be to calculate the percent theoretical 
acid-consuming capacity assuming that 6 moles of hydrochloric acid react 
with 1 mole equivalent aluminum oxide. As seen in Table 111, the milli- 
liters of hydrochloric acid consumed per gram of gel is confounded by the 
different equivalent aluminum oxide content of Gels 2,3, and 4. A com- 
parison is possible using either milliliters of 0.1 N HCl consumed per gram 
of equivalent aluminum oxide or percent theoretical acid-consuming 
capacity. Both parameters indicate a decrease of 5% in acid-consuming 
capacity between the 3- and 33-month gels. 


The Rossett-Rice data also indicate that a slight difference in acid 
reactivity existed among Gels 2,3, and 4 directly related to their ages. The 
lag time seems to be the most sensitive indicator since it increased from 
0.4 to 2.4 min. 


The FDA antacid review panel test showed that less than a 10% dif- 
ference in acid reactivity existed among Gels 2,3, and 4 and that the 21- 
and 33-month gels were virtually identical. 


It is evident that  the pH-stat titration is the most sensitive approach 
for determining changes in acid reactivity occurring as aluminum hy- 
droxide gel ages as well as the in uitro acid reactivity differences between 
aluminum hydroxide gels. This sensitivity to structural changes in alu- 
minum hydroxide gel makes the pH-stat titration a powerful tool for 
structural studies and for optimizing the production of aluminum hy- 
droxide gel and the design and manufacture of aluminum hydroxide gel 
dosage forms. 


Effect of pH on Neutralization Rate-The neutralization rate of 
carbonate-containing aluminum hydroxide gel was inversely related to 


Table V-Change in pH-Stat Titrigram during Aging at 25" of 
Chloride-Containing Aluminum Hydroxide Gel Precipitated at 
pH 9.2 


kB, kc, 
Age Phase A, % Phase B, % Phase C, % min min 


15min 17.4 54.4 28.2 9.73 x 
10-2 


1.5 hr 14.0 44.9 41.1 9.50 X 
10-2 


2.5 hr 11.5 35.5 53 8.58 X 
10-2 


4 hr 8.5 19.5 72 7.25 X 
10-2 


6.5 hr 7.9 4.1 88 3.15 X 
10-2 


24 hr 5.7 1.1 93.2 0.45 X 
10-2 


1.15 X 


1.35 X 


1.03 X 


1.35 X 


1.50 X 


1.10 x 


10-3 


10-3 


10-3 


10-3 


10-3 


10-3 


Table VI-Change in Hydroxyl Exchange during Aging at 25" of 
Chloride-Containing Aluminum Hydroxide Gel Precipitated at 
oH 9.2 


Age Phase a, % Phase b, % kb ,  mEq/min 


4 hr 67.9 32.1 4.57 x 10-3 
8 hr 57.9 42.1 5.07 X 
1 day 31.0 69.0 4.86 x 10-3 
2 days 18.0 82.0 4.79 x 10-3 
7 davs 8.4 91.6 4.77 x 10-3 


E, 7days .  


the pH-stat end-point in the pH range below 4 (Table IV). Aluminum 
hydroxide gel did not react with acid to any appreciable extent above pH 
4.0. It is interesting to compare the behavior of aluminum hydroxide gel 
to the effect of pH on the neutralization of sodium bicarbonate and cal- 
cium carbonate. Sodium bicarbonate reacted very rapidly, even up to pH 
7 (Table IV). Calcium carbonate also reacted very rapidly a t  pH's up to 
5. The reaction still proceeded above pH 5 but at a slower rate. 


These data suggest that aluminum hydroxide gel will only neutralize 
acid in the stomach or duodenum where the pH is below 4. In comparison, 
sodium bicarbonate and calcium carbonate are capable of reacting with 
acid throughout the GI tract. Since ulcers and hyperacidity problems are 
localized in the stomach and duodenum, the pH-reactivity pattern of 
aluminum hydroxide gel seems well suited for antacid therapy. 


Measurement of Acid Reactivity of Chloride-Containiag Gels- 
The study of the acid reactivity of chloride-containing aluminum hy- 
droxide gels presents additional problems due to the relatively non- 
reactive nature of the gel, the rapid change in reactivity during aging, and 
the possible adsorption of acid by the gel in addition to the chemical 
neutralization of acid. As seen in Fig. 2, the freshly precipitated chlo- 
ride-containing gel precipitated at  a final pH of 9.2 was still reacting after 
1 hr a t  pH 3.0 and had not reached the theoretical 2.235 mEq of hydro- 
chloric acid required for a 38-mg equivalent A1203 sample. The neutral- 
ization rate decreased rapidly as the gel aged. After 1 day at 25", the gel 
was virtually unreactive since only 7% of the theoretical amount of acid 
was neutralized during 1 hr. 


The pH-stat titrigram (Fig. 2) consists of three phases: an initial im- 
mediate reaction (A), followed by a slower zero-order phase (B) and a very 
slow terminal zero-order phase (C). The neutralization curve can be 
characterized by the fraction represented by each phase obtained by 
extrapolation of the linear portion of each phase and by ke and kc ,  the 
zero-order rate constants for phases B and C, respectively. The acid 
neutralization rate exceeded the speed of the autoburet during phase A. 
Thus, the total volume of acid neutralized during phase A could be de- 
termined but rate measurements for phase A were not possible. 


The kinetic parameters for the aging a t  25' of the chloride-containing 
gel precipitated a t  a final pH of 9.2 are given in Table V. The amounts 
of phases A and B decreased during aging until both fractions were vir- 
tually absent a t  24 hr. Phase C increased during aging until it accounted 
for 93.2% of the gel after 24 hr. The rate of change for each fraction was 
greatest during the first 4-6 hr following precipitation. The rate constant 


s 7.25t / 
a > 


I ii 12 MINUTES 24 
36 


Figure 4-The pH-stat titrigram of d chloride-containing aluminum 
hydroxide gel precipitated at p H  7.0 and aged 20 min  at 25'. 
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Table VII-Change in pH-Stat Titrigram during Aging at 25’ of Chloride-Containing Aluminum Hydroxide Gel Precipitated at pH 7.0 


Age Phase 1, % Phase 2, % Phase 3, % Phase 4, % k z ,  mEq/min k ~ ,  mEq/min k4, mEq/min 


20 min 7.8 


12 days 3.0 


45 days 1.5 
80 davs 0 


5 days 4.5 


21 days 2.0 


15.4 
11.5 
9.2 
2.9 
0 
0 


69.6 
55.9 
41.3 
34.3 
27.5 


7.0 


7.2 9.13 X 14.7 X 9.2 x 10-4 
28.1 2.50 x lo-* 4.98 X 8.8 x 10-4 
46.5 1.48 x lo-* 3.38 X 10.0 x 10-4 
60.8 1.00 x 10-2 1.63 X 12.0 x 10-4 


93.0 0 0.43 X 10.1 x 10-4 
8.6 X 71.0 0 0.55 X 


for phase B decreased with age while kc remained constant during aging, 
although the slow zero-order reaction accounted for an increasingly larger 
portion of the gel. 


Based on the changes in the pH-stat titrigram during aging, it was 
hypothesized that the gel, when initially precipitated, was composed of 
hydroxyaluminum polymers (11, 12). Free hydroxyls on the surface of 
the polymers are readily accessible, react immediately with acid, and are 
seen in the titrigram as phase A. Small polymer units represent phase 
B and react relatively rapidly with acid. Larger polymers, which form an 
ordered structure, are responsible for the slow neutralization rate seen 
in phase C. During aging, the small polymers coalesce to form more highly 
ordered structures and the surface hydroxyls are incorporated into the 
gel structure as the polymer grows. This model is consistent with the 
behavior of the gel studied because phase C increased during aging while 
phases A and B decreased. After 24 hr of aging, the gel appeared to consist 
of a small number of accessible hydroxyls and an ordered hydroxyalu- 
minum polymer which reacts with acid a t  a very slow rate. Thus, the 
pH-stat titrigram provides information useful in structural studies of 
aluminum hydroxide gel. 


The gel precipitated a t  pH 9.2 contained 0.067 mole of chloride/mole 
of aluminum. This low level of chloride had little effect on the stability 
of the gel or on the neutralization reaction. 


Little information concerning further changes in the gel structure is 
available after 6.5 hr of aging by use of the pH-stat titration. Edge hy- 
droxgls in aluminum hydroxide are quickly replaced by fluoride, and 
structural hydroxyls are also replaced but a t  a slow rate (13). The ex- 
change of fluoride for hydroxyl causes a pH increase, which can be 
monitored by pH-stat titration at  pH 6.5. 


Figure 3 shows the pH-stat titrigrams of the chloride-containing gel 
precipitated at  a final pH of 9.2 using 0.5 N NaF as the reaction medium. 
The gel appeared to react in two phases: an immediate reaction that ex- 
ceeded the capability of the autoburet to add compensating acid ( a )  and 
a slower zero-order reaction ( b ) .  The kinetic parameters for this series 
of titrigrams are given in Table VI. The rate of the slow zero-order reac- 
tion did not change as the gel aged, although the proportion of structural 
hydroxyls increased as the gel aged and the amount of edge hydroxyls 
decreased. X-ray and IR analyses (14) indicate that bayerite initially 
forms but that gibbsite is the final crystalline phase. 


This behavior, when titrated in the presence of fluoride, agrees with 
the postulated hydroxyaluminum polymer model. The use of sodium 
fluoride extends the usefulness of the pH-stat titration in the study of 
the development of order in aged and nonreactive aluminum hydroxide 
gel. 


The chloride-containing aluminum hydroxide gel precipitated at  a final 
pH of 7.0 contained 0.37 mole of chloride/mole of aluminum and aged 


0 


1 


22.5 45 67.5 90 
MINUTES 


Figure 5-Appearance of aluminum ions during pH-stat titration of 
a chloride-containing aluminum hydroxide gel precipitated at p H  7.0. 
Key: -, H+ consumed; and 0, A13+ released. 


a t  a slower rate than the gel precipitated at pH 9.2. In addition, the 
pH-stat titrigram appeared to be composed of four phases: 1, an imme- 
diately reactive fraction; 2, a zero-order phase; 3, a more rapid zero-order 
phase; and 4, a terminal, very slow zero-order phase. Figure 4 shows the 
pH-stat titrigram of a freshly precipitated chloride-containing gel a t  pH 
7.0. The kinetic parameters for the aging of this gel are given in Table VII. 
During aging, phases 1 and 2 disappeared. After 21 days, phase 2 was no 
longer present. Phase 1 was not present in the 80-day titrigram. At this 
point, the gel was almost completely composed of the very slow reacting 
fraction. X-ray and IR analyses (14) indicate that order is developing in 
the gel which ultimately produces gibbsite. I t  is interesting that the rate 
constant for the final slow zero-order phase did not change as the gel aged 
and had approximately the same value as the rate constant for the slow, 
terminal phase of the chloride-containing gel precipitated at  pH 9.2 
(Table V). 


The difference in the aging rate of the chloride-containing gels is be- 
lieved to be due to the stabilizing effect of chloride ions in inhibiting the 
development of order. The pH 9.2 gel contained 0.067 mole of chloride/ 
mole of aluminum while the pH 7.0 gel contained 0.37 mole of chloride/ 
mole of aluminum. The initial three phases of the pH-stat titrigram of 
the pH 7.0 gel are similar to the carbonate-containing gel, except the 
chloride-containing gel at pH 7.0 appears to contain some highly ordered 
material (phase 4) not seen in the carbonate-containing gel. Thus, the 
gel that contained a significant amount of chloride reacted more rapidly 
and did not lose reactivity as rapidly as the pH 9.2 gel. However, the 
chloride ion was not as effective as the carbonate ion in stabilizing the 
gel and facilitating the neutralization reaction. 


Adsorption of Acid by Chloride-Containing Gels-The appearance 
of the aluminum ion in solution during the neutralization of a freshly 
precipitated pH 7.0 chloride-containing aluminum hydroxide gel was 
determined. Figure 5 shows the experimentally determined milliequiv- 
alents of the aluminum ion produced during neutralization. The solid 
line is the pH-stat titration curve expressed as milliequivalents of acid 
added. The mean OH-/A13+ ratio for six samples analyzed throughout 
neutralization was 2.63 f 0.19. This result compares favorably with the 
previously reported OH-/A13+ ratio for the gel of 2.55 (11). This behavior 
suggests that chemical reaction totally accounts for acid neutralization 
by the slowly reactive aluminum hydroxide gels. If physical adsorption 
of acid were an important neutralization mechanism, then acid 
neutralization without a concomitant generation of the aluminum ion 
would be expected. As shown in Fig. 5, the physical adsorption of acid 
is insignificant when compared to the amount neutralized following 
chemical reaction. 
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Role of Carbonate in Acid 
Aluminum Hydroxide Gel 


NICHOLAS J. KERKHOF*, JOE 


Neutralization of 


L. WHITE $, and STANLEY L. HEM *x 


Abstract 0 The role of carbonate in the acid neutralization of a car- 
bonate-containing aluminum hydroxide gel was studied. The pH-stat 
neutralization reaction was comprised of three phases: an initial, im- 
mediately reacting phase; a slow, zero-order phase; and a terminal, fast 
zero-order phase. The evolution of carbon dioxide and the appearance 
of aluminum ions were monitored during neutralization. Acid neutral- 
ization is believed to occur predominantly at the aluminum-carbonate 
bond during the slow phase of neutralization. The reaction of structural 
carbonate disrupts the gel structure and increases the porosity and sur- 
face area of the gel. The diffusion of acid into the gel structure is facili- 
tated and accelerates the neutralization rate, as seen in the final phase 
of the pH-stat titrigrams. This behavior of carbonate is probably re- 
sponsible for the rapid and complete neutralization of acid generally 
observed with carbonate-containing aluminum hydroxide gel. 


Keyphrases 0 Aluminum hydroxide gel-acid neutralization, pH-stat 
titration, role of carbonate 0 Gels-aluminum hydroxide, acid neutral- 
ization, pH-stat titration, role of carbonate Acid neutralization- 
aluminum hydroxide gel, pH-stat titration, role of carbonate 0 pH-stat 
titration-aluminum hydroxide gel, acid neutralization, role of carbonate 


Carbonate-role in acid neutralization of aluminum hydroxide gel, 
pH-stat titration Antacids-aluminum hydroxide gel, acid neutral- 
ization, pH-stat titration, role of carbonate 


Carbonate is an integral part of the aluminum hydroxide 
gel structure (1). The presence of carbonate in the gel 
structure contributes to gel stability (2), probably by in- 
hibiting polymerization of the hydroxyaluminum particles 
and retarding the development of a highly ordered struc- 
ture. In addition to enhanced stability, carbonate-con- 
taining aluminum hydroxide gels usually exhibit a faster 
acid neutralization rate than is observed in gels stabilized 
by other anions such as chloride or sulfate (2). The objec- 
tive of this investigation was to determine the mechanism 
of acid neutralization in carbonate-containing aluminum 
hydroxide gels. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. 


Aluminum Hydroxide Gel Preparation-Carbonate-containing 
aluminum hydroxide gel was prepared by the reaction of aluminum 
chloride, sodium bicarbonate, and sodium carbonate to a final pH of 6.5 
(2). 


Analytical Procedures-The equivalent aluminum oxide content 
was determined by the ethylenediaminetetraacetic acid titration (3). The 
acid reactivity was measured using an automated pH-stat method (4). 


The carbonate content of the gels was analyzed by a gasometric dis- 
placement technique ( 5 )  using a Chittick apparatus’. The results are 
expressed as the ratio of millimoles of carbon dioxide evolved to milli- 
moles of aluminum in the gel. 


A specially designed glass reaction vessel, with a polytef head and 
methyl methacrylate top, was fabricated to study the evolution rate of 
carbon dioxide from the carbonate-containing aluminum hydroxide gels 
during neutralization with 1.0 N HCl. The reaction assembly consisted 
of a glass reaction vessel and an airtight head and top, which sealed the 
system and served as a holder for the electrodes, the titrant delivery tube, 
and the gas outlet tube connected to the Chittick apparatus. 


The glass reaction flask was made of 45-mm 0.d. X 100-mm Pyrex glass 
tubing. The wall thickness was 1.92 mm. The reaction vessel was fabri- 
cated with a flat bottom to facilitate the use of a standard 2.54-cm poly- 
tef-coated magnetic stirring bar. 


The reaction head was fabricated from a 5.08-cm polytef rod (Fig. 1). 
The bottom side was machined to 41-mm diameter to fit inside the re- 
action vessel. A groove for a 3.175 X 41.275-mm 0.d. O-ring was machined 
in the circumference of the bottom lip so that a tight press fit was ob- 
tained when the reaction vessel was forced over the O-ring. 


Appropriately sized holes were drilled through the head to allow the 
insertion of the electrodes, the titrant delivery tube, and the gas outlet 
tube. A clear methyl methacrylate top was machined to the same pattern 
as the head. Eight holes were drilled in the top and threaded in the head 
to accept binding-head machine screws. The O-rings were fitted over the 
electrodes, the titrant delivery tube, and the gas outlet and were placed 
between the top and the head. The openings in the top and head were 
beveled to compress the O-rings and to seal the head when the machine 
screws were tightened. 


An injection port was included in the reaction head. An appropriately 
sized hole was machined in the head to accept a high-pressure liquid 
chromatographic septum. 


The reaction vessel, head, and top were combined with the pH-stat 
titrator and the Chittick apparatus. The sealed reaction vessel replaced 
the decomposition flask of the Chittick apparatus, and the 25-ml pH-stat 
autoburet replaced the glass buret. 


The following procedure is used to monitor the evolution of carbon 
dioxide during the neutralization of a sample containing 380 mg equiv- 
alent A1203 by 1.0 N HCl at pH 3.0. Transfer an appropriate volume of 
liquid gel, accurately weighed, into the decomposition reaction vessel. 
Secure the reaction vessel to the reaction head assembly. With the 
stopcock open to the atmosphere, adjust the leveling bulb to bring the 
displacement solution to 20.0 ml above the zero mark. Let the system 
stand 1-2 min to allow the temperature and pressure within the apparatus 
to equilibrate to room conditions. Then close the stopcock to the atmo- 
sphere. Lower the leveling bulb until the level reads zero on the measuring 
buret. 


Using a glass syringe fitted with a 7.62-cm, 22-gauge needle, insert the 
needle through the injection port septum and slowly add 20.0 ml of 


1 Sargent-Welch Scientific Co., Skokie, 111. 
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Plasma Concentrations and Bioavailability of 
Clofibric Acid from Its Calcium Salt in Humans 


T. TAYLOR" and L. F. CHASSEAUD 


Abstract The bioavailability of clofibric acid from formulations 
containing calcium clofibrate alone and mixed with calcium carbonate 
(1:l w/w) was compared to that from a standard clofibrate formulation 
in a crossover study in 12 human subjects. The 95% confidence intervals 
of bioavailability differences were such that they were unlikely to be 
detected in clinical practice; all three formulations may be considered 
bioequivalent, although the bioavailability rate was probably greater from 
the formulation containing calcium clofibrate alone. Peaks of mean 
concentrations of 80 f 13,67 -f 16, and 64 f 18 gg/ml f SD occurred after 
administration of 853 mg of clofibric acid calcium salt alone, 809 mg of 
clofibric acid calcium salt mixed with calcium carbonate, and 885 mg of 
clofibrate, respectively; mean concentrations declined from peak levels 
with half-lives of 15-17 hr. 


Keyphrases Clofibric acid-bioavailability from various formulations 
compared, humans 0 Bioavailability-clofibric acid, various formulations 
compared, humans Antihyperlipidemic agents-clofibric acid, bio- 
availability from various formulations compared, humans 


Clofibrate [ethyl 2-(4-chlorophenoxy)-2-methylpro- 
panoate], which is hydrolyzed either during or after ab- 
sorption to the active form, clofibric acid [2-(4-chloro- 
phenoxy)-2-methylpropanoic acid] (l), is an antihyperli- 
pidemic agent effective in the treatment of hyperlipo- 
proteinemias primarily of Fredrickson Types 111, IV, and 
V. Clofibrate also produces an antilipemic effect, mainly 
by reducing triglyceride levels, in patients with hyperli- 
poproteinemia of Type IIb (2-4). 


Calcium also exerts an antilipemic action by forming 
insoluble complexes with bile salts and fatty acids within 
the intestinal lumen. Calcium lowered plasma cholesterol 
levels and, to some extent, triglyceride levels in patients 
with hyperlipoproteinemias of Types XI and IV ( 5 ) .  


To obtain the benefit of the antilipemic actions of both 
clofibrate and calcium in patients with the most commonly 
occurring hyperlipoproteinemias, Types I1 and IV, a 
product containing calcium clofibrate and calcium car- 
bonate, in approximately equal proportions, was formu- 
lated. In addition to broadening the antilipemic action, this 
combination provides a convenient solid dosage form as 
an alternative to the currently available liquid-filled cap- 
sule of clofibrate. However, the presence of calcium car- 
bonate in the formulation may change the pH of the gut 
contents after oral administration (6-8) and affect clofi- 
brate bioavailability. Therefore, plasma levels of the active 
metabolite, clofibric acid, were measured following ad- 
ministration of capsules containing similar doses of this 
test formulation, a formulation containing calcium clofi- 
brate alone, and the reference agent, clofibrate. 


EXPERIMENTAL 
Drug Administration-Twelve healthy subjects, six males and six 


females, 19-52 years old and 52-87 kg, participated after being informed 
of the aim of the study and the nature of the drug. Before and after the 
study, each subject was given a complete physical examination, including 
routine laboratory screening tests. During the study, the subjects re- 
mained under medical supervision. 


Each of the three drug formulations was administered with 100 ml of 
water in a crossover Latin-square design wherein the subjects were 


Table I-Mean Plasma Clofibric Acid Concentrations 
(Micrograms per Milliliter) after Administration of the Three 
Formulations 


Calcium 
Clofihrate- 


Calcium Carbonate 
Hours Clofibrate" Clofibrate Combination 


1 19.7 (81.4)6 48.4 (49.1) 27.6 (82.5) 
2 44.3 (50.8) 69.0 (30.0) 46.9 (41.2) 
3 53.8 (43.6) 80.4 (16.8) 58.5 (32.5) 
4 62.8 (39.2) 78.2 (13.7) 67.1 (23.8) 
6 64.1 ( 2 m j  12.2 (19.0) 63.6 (25.4) 
8 62.7 (18.9) 63.9 (17.7) 59.9 (23.6) 


12 54.1 (9.4) 50.5 (18.6) 52.6 (20.4) 
24 35.1 (21.1) 29.6 (16.4) 39.9 (20.8) 
32 25.3 (18.9) 19.7 (38.9) 26.4 (27.5) .~ ~. 
48 9.0 (61.4) 8.3 (57.3j 9.2 (73.4) 


a Reference formulation. * Coefficients of variation (percent) in parentheses. 


grouped by sex. There was a 1-week washout period between doses. Be- 
fore dosing, the subjects fasted for 12 hr; afterwards, they did not eat or 
rest for 3 hr. Each subject received doses of 885 mg of clofibric acid as 
clofibrate (the reference' Formulation A), 853 mg as calcium clofibrate 
alone (Formulation B), and 809 mg as the calcium clofibrate-carbonate 
combination (1:l w/w, Formulation C). 


Blood samples (5 ml) were collected in tubes containing heparin just 
before dosing and a t  1, 2, 3, 4, 6, 8, 12, 24, 32, and 48 hr after dosing. 
Plasma was separated and kept frozen until analysis. 


Measurement of Plasma Clofibric Acid Levels-Clofibric acid was 
measured spectrophotometrically at 226 nm after extraction from acid- 
ified plasma by isooctane (9). The extraction efficiency (recovery) was 
72% in the 10-100-pg/ml concentration range. Plasma clofibric acid levels 
were calculated by reference to a standard curve constructed by adding 
known amounts of clofibric acid to untreated human plasma. New 
standard curves were constructed for each batch of plasma analyzed. 


The absorbance of extracts of the predose plasma was subtracted from 
the absorbance of postdose samples before calculation of clofibric acid 
concentrations. The precision of the method was such that, with 95% 
confidence, clofibric acid could he measured within f 6 %  of the mean of 
10 replicate analyses. 


Data Processing-Apparent half-lives of drug elimination were cal- 
culated by least-squares regression analysis of log concentration against 
time from measurements during the terminal linear phase of the log 
concentration-time curves. Areas under the plasma concentration-time 
curves (scaled to equal doses of 885 mg of clofibric acid) to 48 hr were 
calculated by the trapezoidal rule. Although areas beyond 48 hr con- 
tributed approximately 10% of the total area to infinite time, plasma 
concentrations at  the last sampling time were close to the limit of sensi- 
tivity of the analytical method. Areas to 48 hr were linearly related to the 
total areas ( r  = 0.951, and bioavailability was estimated from the areas 
to 48 hr. Estimates from the total areas were similar. 


Areas, peak plasma concentrations (scaled to equal doses of 885 mg) 
and times of occurrence, and apparent half-lives of elimination were 
analyzed by an analysis of variance for crossover designs. The total 
variance was separated into that due to sex, subjects, day of adminis- 
tration, formulation, and residual. 


RESULTS 


Plasma Clofibric Acid Levels-Mean concentrations of clofibric acid 
in plasma after administration of slightly different doses in the three 


1 Atromid-S capsules manufactured by ICI Pharmaceuticals, Macclesfield, En- 
land, and marketed in the United States b Ayerst Laboratories, Division of 


imerican Home Products Corp., New York, d.Y. 
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Table 111-Levels of Significance of Sources of Variation in  the 
Analyses of Bioavailability Parameters 


Parameter 
Source of Peak Peak Half- 
Variation Area Concentration Time Life 


I I I J 
6 12 24 32 48 


HOURS 


Figure 1-Plasma clofibric acid concentrations after administration 
of clofibrate ( O ) ,  calcium clofibrate (O) ,  and the calcium clofibrate- 
carbonate combination (m). 


formulations are shown in Table I and Fig. 1. Mean concentrations were 
similar after administration of Formulation C and the reference For- 
mulation A. Mean concentrations were higher after administration of 
Formulation B. Peak plasma levels in individual subjects were similar 
after administration of Formulations A (mean of 71 pg/ml f 17 S D )  and 
C (mean of 73 pg/ml f 15 SD) and higher after Formulation B (mean of 
85 pg/mI 13 SD). Plasma clofibric acid levels were slightly higher than 
those reported previously (10). 


The mean half-life of clofibric acid in plasma after administration of 
Formulation B (15.4 hr f 3.0 SD)  was slightly shorter but not significantly 
different (Tables I1 and 111) from those after administration of Formu- 
lations A and C (17.2 f 2.0 and 16.9 f 3.0 hr f SD, respectively). Similar 
half-lives of 19 and 15-17 hr were reported previously (11,12). 


Bioavailability Parameters-The mean ratio of areas showed that 
the bioavailability of clofibric acid from Formulations B and C was 101 
and 110%, respectively, of that from Formulation A. An analysis of 
variance of areas showed that formulation-related differences were not 
significant (Table 111). However, subject-related effects were significant 
(p < 0.01), and two male subjects provided consistently higher areas re- 
gardless of the formulation administered. 


The 95% confidence limits (13, 14) of differences between the mean 
areas after administration of Formulations B and C were from -10.7 to 
+13.4 and from +1.2 to +22.9%, respectively, of the mean for Formulation 
A. Significant formulation-related differences were found for peak plasma 
concentrations (scaled for equal doses) and their times of occurrence 
(Tables I1 and 111). 


DISCUSSION 


Differences in the extent of bioavailability of clofibric acid between 
formulations containing clofibrate, calcium clofibrate, or the calcium 


Table 11-Mean Bioavailability Parameters of Clofibric Acid 
from the Three Formulations 


Calcium 
Clofibrate- 
Carbonate 


Clofi- Calcium Combina- 


Areab, wg hr/ml 1683 (12)c 1706 (18) 1866 (17) 
Peak concentrationsb in 71 (24) 88 (15) 80 (21) 


individuals, pg/ml 
Time of peak concentration, 6.3 (48) 3.6 (40) 4.6 (57) 


hr 
Half-life, hr 17.2 (12) 15.4 (20) 16.9 (18) 


a Reference formulation. b Scaled to equal doses of 885 mg. c Coefficients of 
variation (percent) in parentheses. 


Parameter brate" Clofibrate tion 


Sex NS" D < 0.01 NS NS 
silbjects p < 0s 


y of administration NS 
1 - 1  15 '- NS NS NS 
Da: NS NS NS 
Formulation NS p < O . O l b  p <0.05* NS 


a NS = not significant (p > 0.05). The reference Formulation A (clofibrate) was 
significantly different from B (calcium clofibrate) but not from C (clofibrate-car- 
bonate combination). Formulations B and C were not significantly different. 


clofibrate-carbonate combination were not statistically significant ( p  
> 0.05). Clinical usage is unlikely to detect differences of the orders found, 
and all three formulations may be regarded as bioequivalent. However, 
higher plasma clofibric acid levels at earlier times were provided by single 
doses of calcium clofibrate alone, and the bioavailability rate was prob- 
ably greatest after administration of this formulation. Differences in 
bioavailability rates are of less importance with drugs, such as clofibric 
acid, that are administered chronically to achieve a steady-state plasma 
level. 


The 95% confidence limits of differences in areas under the concen- 
tration-time curves indicated that formulation as the calcium salt of 
clofibric acid had little effect on the extent of drug bioavailability. Clo- 
fibrate is almost completely absorbed, 98% of a daily dose of 2 g being 
excreted in the urine as the free and conjugated acid (12). The in  uiuo 
performance of the formulations of calcium clofibrate compared favorably 
with that reported for the basic aluminum salt of the acid, which gave 
significantly lower plasma levels at all times of sampling after 500-mg 
doses when tested against four other preparations of clofibrate (11). 
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Table I-Apparent Volumes of Distribution and Binding 
Parameters for Phenytoin in Healthy Volunteers, Nephrotic 
Patients, and Uremic Patients 


Clinical Condition VB,  l i tedkg f,, f~ 


Healthy volunteers (n  = 6)u 0.3 0.10 0.22 
Nephrotic patients (n = 6)u 0.6 0.19 0.19 
Healthy volunteers (n = 4)b 0.64 0.12 0.11 
Uremic patients (n = 4)b 1.40 0.26 0.11 


Apparent volumes of distribution and plasma binding data reported in Ref. 3. 
Apparent volumes of distribution and plasma binding data reported in Ref. 4. 


Table 11-Apparent Volumes of Distribution and Binding 
Parameters for Warfarin in  Rats 


V,, liters/kga f p u  f~ 


High plasma binders (n = 6) 0.14 0.004 0.025 
Low plasma binders (n = 7) 0.19 0.014 0.058 


a Values were reported in Ref. 5. 


plasma binding data were obtained from the literature 
(3-5). Total body water was assumed to be 599 ml/kg in 
humans and 660 ml/kg in rats. Plasma volume was as- 
sumed to be 46 ml/kg in humans and 42 ml/kg in rats. 


The findings with phenytoin are summarized in Table 
I. Both types of renal disease resulted in a twofold increase 
in both the fraction of free drug in the plasma and the 
apparent volume of distribution compared to those ob- 
served in healthy volunteers. Consequently, in neither case 
was the apparent tissue binding affected. The reduced 
plasma binding observed in nephrotic patients was es- 
sentially secondary to hypoalbuminemia (3), whereas that 
observed in uremic patients was presumably due to 
changes in the molecular structure of albumin or to the 
accumulation of an avidly bound endogenous inhibitor 
that acts like a displacing agent (12). 


In view of the unaltered tissue binding of phenytoin in 
nephrotic patients, either hypoalbuminemia in the ex- 
travascular space is less pronounced than that observed 
in the vascular space or molecules other than albumin are 
principally responsible for binding phenytoin in the 
tissues. In uremic patients, phenytoin binding sites in the 
tissue are less susceptible to disease-related changes than 
phenytoin binding sites in the plasma. 


As shown in Table 11, differences in plasma protein 
binding of warfarin in rats were paralleled by qualitatively 
similar differences in tissue binding. Rats that showed 
relatively high plasma binding of warfarin also showed 
relatively high tissue binding of the drug. Consistent with 
this finding is the observation that the fraction of warfarin 
unbound to liver homogenates correlated strongly with the 
fraction of warfarin unbound to serum in the same animals 
(5). Perhaps a similar factor is responsible for the inter- 
subject variability of warfarin binding in both plasma and 
tissue of rats. 


The examples presented illustrate the utility, a t  least 
in a conceptual sense, of considering drug distribution in 
a physiological framework (10). Estimations of apparent 
tissue binding can provide guidelines for more extensive 
distribution studies. 
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Characterization of 
Biotin Trimethylsilyl Derivative 
~~ 


Keyphrases Biotin trimethylsilyl derivative-structure determined 
0 Trimethylsilyl derivative of biotin-structure determined GLC- 
mass spectrometry-analysis, trimethylsilyl derivatives of biotin, 
structure determined 0 Vitamins-biotin, structure of trimethylsilyl 
derivative determined 


To the Editor: 
Analytical methods are available for the determination 


of biotin (1,2). In view of the need for a stability-indicating 
assay procedure, the GLC method (2) was investigated. 
The purpose of this communication is to report that the 
silyl derivative actually prepared according to this proce- 
dure is not the silyl ester reported (I) but the trisilyl de- 
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rivative (11) with the proposed structure indicated. It seems 
appropriate to correct the record now since I was again 
proposed as the structure for silylated biotin in a recent 
review (3). 


The possibility that the proposed structure for the silyl 
ester (I) might be incomplete appeared when we prepared 
the methyl ester of biotin using diazomethane. Although 
this methyl ester could be chromatographed, the com- 
pound had a much longer retention time compared with 
the silylated compound and produced a peak that tailed 
badly. This large difference in chromatographic behavior 
is not expected for two compounds that are supposed to 
be simple esters. It also was observed that when the sily- 
lating agent [bis(trimethylsilyl)trifluoroacetamide] (111) 
was added to the previously formed methyl ester, the late 
eluting broad peak disappeared and a sharp, early eluting 
peak was obtained. These observations led to a more de- 
finitive study of the derivatives formed. 


The fully silylated derivatives can be formed by reacting 
5 mg of biotin with 1 ml of a 1:l (v/v) solution of I11 and 
pyridine. After heating a t  60’ for 15 min, the sample is 
ready for analysis. The partially silylated derivative can 
be formed by first reacting 5 mg of biotin in ether with 
excess diazomethane until the yellow color persists. After 
10 min, the methyl ester solution is evaporated to dryness 
and then silylated as described. 


BOOKS 


These samples were then analyzedl on a gas chromato- 
graph-mass spectrometer2 using a 1.9-m 3% OV-17 on 
100-120-mesh Gas Chrom Q3 column. The mass spectrum 
of the fully silylated derivative produced molecular ion 460 
together with a base peak at mle 73, supporting Structure 
11. The mass spectrum of the methylated biotin trimeth- 
ylsilyl derivative gave m/e 402, again with a base peak at 
mle 73, supporting the biotin methyl ester N,N- trimeth- 
ylsilyl structure. 
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REVIEWS 


Annual Reports in Medicinal Chemistry. Vol. 1 I. Edited by FRANK 
H. CLARKE et al. Academic, 111 5th Ave., New York, NY 10003,1976. 
339 pp. 17 X 25.5 cm. Price $16.50. 
The new editor-in-chief of this series, Dr. Frank Clarke, is to be con- 


gratulated on maintaining the quality of content, presentation, and 
timeliness found in earlier volumes. The 32 chapters of this volume are 
grouped into six principal sections. Six section editors (three of them new) 
have the responsibility for the contributions in their areas. 


Most chapters survey the literature of 1975 on new compounds re- 
ported to have pharmacologic activity. A few chapters cover the years 
since a report last appeared in this series. Some of the most interesting 
chapters present a mini-review of some biological process or disease state 
and point the way to potential new approaches for drug therapy. A third 
type of chapter deals with general methods of possible utility in the 
synthesis, design, or testing of drugs. 


The section on CNS Agents has three chapters that update previous 
coverage of antidepressants, antipsychotic agents, antianxiety agents, 
anticonvulsants, sedative-hypnotics, analgesics (including endogenous 
peptides), and narcotic antagonists. In addition, there are two excellent 
chapters on the currently “hot” areas of opiate receptors and biological 
factors in psychiatric disorders. The Pharmacodynamic Agents section 
covers pulmonary and antiallergy drugs, antihypertensives, diuretics, 
and the structure-activity relationships of prostaglandins. The Che- 
motherapeutic Agents section has chapters on antibiotics and antifungal, 
antiviral, antiparasitic, and antineoplastic agents. 


The section on Metabolic Diseases and Endocrine Function has 
chapters devoted to immunosuppressive and immunostimulatory agents, 
steroids, peptide hormones, diabetes, disorders of lipid metabolism, drug 
metabolism, and antiobesity agents. The Topics in Biology section fea- 
tures particularly pertinent chapters on membrane regulators, active 


transport across membranes, the antimetabolite concept, comparative 
toxicology, and chronopharmacology. The last section on Topics in 
Chemistry has the usual chapter on synthetic reactions of interest plus 
chapters concerning the synthesis of P-lactam antibiotics, synthesis of 
cyclic adenosine monophosphate and cyclic guanidine monophosphate 
derivatives, syntheses employing polymeric reagents, quantit,ative drug 
design, and use of NMR for drug binding studies. 


As expected with any work by 46 different authors, the writing style 
is far from uniform. However, the readability of t.his volume is generally 
quite good. Every medicinal chemist and most pharmacologists would 
surely find several chapters of interest. 


Reviewed by James F. Stubbins 
Virginia Commonwealth Uniuersity 
Richmond, VA 23298 


Chinese Herbs: Their Botany, Chemistry, and Pharmacodynamics. 
By JOHN D. KEYS. Tuttle, Rutland, V T  05701, 1976. 338 pp. 15 X 
22 cm. Price $15.00. 
This book is a compendium of monographs of Chinese medicinal plants 


arranged by botanical classification. Each monograph includes an illus- 
tration and Chinese characters as well as a botanical, chemical, and 
pharmacological description. There are also supplementary sections on  
mineral- and animal-derived drugs, a collection of Chinese prescriptions, 
and a table of toxic herbs. 


This book is a good compilation of the medicinal plants of China, done 
mainly through translation of Chinese works, some as old as the 6th 
century. The botanical description seems quite complete, while the 
chemical and pharmacodynamic sections appear too outdated and su- 


Vol. 66, No. 8, August 1977 I1213 








Solvent-Dependent Conformational System of 
Hydroxyureas in Octanol-Water and in 
Inhibition of Ribonucleotide Reductase 


GEORGE R. PARKER and E. COLLEEN MOORE * 


Abstract 0 The carbonyl nitrogen IR absorption region of selected 
hydroxyureas was examined in octanol. The spectra indicated appreciably 
different absorptions prior to and after equilibration with water. Stability 
studies on the hydroxyureas indicated that the absorption differences 
were not due to chemical decomposition in the equilibration process but 
were due to solvent conformational and/or tautomeric dependency of the 
system. Preliminary in uitro inhibition of the enzyme ribonucleoside 
diphosphate reductase by selected hydroxyureas also indicated an ap- 
parent solvent dependency, which may involve the conformational and/or 
tautomeric properties of these agents. The implications of the solvent- 
dependent conformational-tautomeric sysbem observed are discussed 
in relation to this property in the biological action of these agents. 


Keyphrases Hydroxyureas, various-solvent-dependent conforma- 
tion in octanol-water, effect on ribonucleotide reductase activity in uitro 
0 Conformation-various hydroxyureas in octanol-water, effect of sol- 
vent equilibration Ribonucleotide reductase-activity, effect of various 
hydroxyureas in uitro Enzymes-ribonucleotide reductase, effect of 
various hydroxyureas on activity in uitro Structure-activity rela- 
tionships-various hydroxyureas, solvent-dependent conformation in 
octanol-water, effect on ribonucleotide reductase activity in uitro 


A solvent-dependent conformational system in substi- 
tuted hydroxyureas was reported (1) utilizing solvents such 
as acetone, pyridine, and tetrachloroethane in the presence 
and absence of water. The conformational aspects of hy- 
droxyureas were investigated, since this property may 
influence their transport, stability in vivo, and mechanism 
of action. Since there is no accepted explanation for the low 
anticancer activity of substituted hydroxyurea analogs 
compared to the parent antileukemia agent hydroxyurea, 
the conformational properties of hydroxyureas were ex- 
amined. 


In this study, the properties of the carbonyl-nitrogen 
system of substituted hydroxyureas were examined in the 
solvent 1-octanol before and after equilibration with water 
(pH 7.4); this system closely simulates the environment 
of in vitro and in  vivo systems. The findings further sub- 
stantiate conformational properties of hydroxyureas as 
detected by IR spectroscopy in 1-octanol. Initial biological 
data on the action of hydroxyureas on the enzyme ribo- 
nucleoside diphosphate reductase, the proposed site of 
anticancer action, indicate that the solvent plays a role in 
the in  vitro inhibition of the enzyme, which may be due to 
the solvent-dependent conformation of certain hydroxy- 
ureas. 


EXPERIMENTAL 


Compounds-The 3-substituted analogs were synthesized according 
to a literature method (2) with modifications (3,4). Hydroxyurea and the 
1-substituted analogs were used as received'. 


IR Spectra-The IR spectra were obtained2 using liquid cells. The 
solvent was l-octan013 dried over anhydrous sodium sulfate. Spectra were 


Squibb Institute for Medical Research. 


Matheson, Coleman and Bell. 
* Beckman IR 4250 double-beam instrument. 


taken immediately after dissolution, after equilibration with glass-dis- 
tilled water (adjusted to pH 7.4) for 24 hr, and after 2 weeks. 


After equilibration, the solvents were separated; the octanol layer was 
dried over sodium sulfate prior to recording the IR spectra. All spectra 
were taken with the following instrument settings: gain, 2; period, 1 sec; 
balance, 0; chart expansion, 1X; sensitivity, 3; ordinate scale, 100%; scan 
speed, 600 (8 min); and baseline transmission, 90%. All spectra were taken 
with dry octanol as the blank. 


Stability Studies-The stability and decomposition of hydroxyureas 
in aqueous solutions were examined uia the method of Harmon et al. (3). 
The solution of the hydroxyurea in a reaction vessel was connected to a 
gas dispersion tube immersed in anhydrous ether. Any gas evolved in the 
hydroxyurea decomposition was observed visually or in the IR spectrum 
of the ether solution after bubbling through the ether. IR spectra of the 
ether solutions after standing in water (pH 7.4), in acidic solutions at  pH 
1.5, and with ferric chloride added (in a ratio of 2 moles of hydroxyurea 
to 1 mole of ferric chloride) were recorded at  intervals (up to 1 week for 
water a t  pH 7.4) using a double-beam instrument4 and liquid cells with 
ether as the blank. The pH values were determined on a standard pH 
meter5. The pH of the aqueous layers in the equilibration experiments 
was also checked after 24 hr and 2 weeks and was in all cases 7.4 f 0.2, 
indicating that no appreciable pH change occurred in the equilibration 
process. Water layers were removed by freeze drying6 (at 20 mm Hg) to 
afford solids identical to starting materials, as verified by melting points 
and IR spectra. 


Ribonucleotide Reductase Assay-The enzyme ribonucleoside di- 
phosphate reductase was isolated from Novikoff ascites hepatoma of rats 
and purified according to the method of Moore (5). The assay included 
8.3 mM phosphate buffer (pH 7), 2.1 mM adenosine triphosphate, 4.2 
mM magnesium acetate, 0.04 mM Fe(NH&(SO&, 0.17 mM cytidine 
"P-diphosphate, 6.3 mM dithiothreitol, 1.0 pl of thioredoxin, and ap- 
proximately 0.2 mg of partially purified ribonucleotide reductase in a total 
volume of 0.12 ml. Inhibitors were present in the reaction mixture (in an 
ice bath) when the enzyme was added; the mixture was then moved to 
a water bath at  37O and incubated for 30 min. The reaction was stopped 
with perchloric acid (1 M ) ,  and the products were hydrolyzed, separated 
on a cation-exchange resin7, and analyzed according to the method of 
Reichard (6). 


The hydroxyureas were tested five times over 6 months; each com- 
pound was evaluated at four different concentrations with two tests a t  
each concentration. The enzyme activity was plotted versus the inhibitor 
concentration and extrapolated to determine the concentration required 
to inhibit 50% of the enzyme activity (ID50). The control activities for the 
enzyme system in the five determinations were 2.28,0.75,4.16,2.20, and 
1.50 nmoles/30 midtube. 


RESULTS 


The IR spectra of the carbonyl nitrogen region of the hydroxyureas 
in 1-octanol (with 1-octanol as blank) are shown in Fig. 1. The spectra 
labeled A were taken immediately after dissolving each compound in 
dried solvent; those labeled B and C were taken after equilibration with 
water (pH 7.4) for 24 hr and 2 weeks, respectively. In each case, octanol 
was separated from the water layer and dried over sodium sulfate, and 
the IR spectra were taken in the same manner as A. 


Since B and C spectra were appreciably different from A spectra in 
every case except hydroxyurea, the stability of the compounds was ex- 
amined using the method of Harmon et al. (3) to determine if chemical 
decomposition had occurred in the pH 7.4 water layer compared to so- 


Model 700 Perkin-Elmer IR spectrophotometer. 
Model 7, Corning. 
Virtis freeze-drying apparatus. 
Dowex 50. 
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Figure 1-The C=O and C=N regions in IR spectra of hydroxyureas. Spectra were taken in dry octanol after dissolution (A), after 24 hr of 
equilibration (B), and after 2 weeks of equilibration (C). 


lutions of pH 1.5 or in solution with ferric chloride (pH 1.5) (Table I). All 
compounds were stable in pH 7.4 water, whereas only I was stable in pH 
1.5 water, with gas evolution observed for the other compounds. 


The relative inhibitory concentrations of selected substituted hy- 


droxyureas compared to hydroxyurea are shown in Table 11. By using the 
method of Moore (5) for the purification of the enzyme and the method 
of Reichard (6) for the evaluation of the inhibitory concentration of the 
hydroxyureas, the concentration required for 5Wo enzyme inhibition was 
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Table I-Stability a of Hydroxyureas in  Ferr ic  Chloride Solution 
(PH 1.5) 


R2 
I 


RiNHCNOH 


6 
Compound R1 Rz Stability in Ferric Chloride Solution 


I H  H Gash plus blue color 
I1 H CH3 Gas plus blue color 


I11 H C2H5 Gas plus blue color 
IV CzHs H Gas plus blue color 
V n-C3H7 H Gas plus blue color 


VI iso-C3H7 H Gas plus black color 
VII n-C4Hg H Gas plus blue color 


VIII tert-CdHs H Gas plus brown color 
IX p-ClCsH4 H Gas and no color change 


a All compounds were stable in pH 7.4 solutions; only I was stable in pH 1.5 so- 
lutions, with gas evolution observed for the other compounds. Reaction vessels were 
connected to gas dispersion tube in ether; no signals were detected in IR spectra 
of ether solutions after 1 week. * Gas was detected according to method of Harmon 
et al (3); signals were observed in the 2350-2200- and 600-700-cm-' regions for 
all compounds where gas was observed. In most cases, gas was evolved immedi- 
ately. 


determined. Hydroxyurea and the 1-substituted analogs were dissolved 
in distilled water for all determinations. The 3-n-propyl analog (V) was 
dissolved in water and the 3-n-butyl analog (VII) was dissolved in 1 ml 
of 95% ethanol and diluted with water to 1% for the first determination. 
For the second, third, and fourth determinations, V and VII were dis- 
solved in 6 and 10% dimethyl sulfoxide, respectively, and diluted to 1% 
with water. Ethanol and dimethyl sulfoxide were not inhibitory to the 
enzyme system a t  1% concentrations. 


A general trend in relative inhibitory activity was observed in all hut 
the first determination (especially for V) where a different solvent was 
used. A fifth determination was performed with water as the solvent, and 
again a higher relative concentration was required for V to produce 50% 
enzyme inhibition compared to the concentration required when the 
solvent was 1% dimethyl sulfoxide. 


DISCUSSION 


For a drug molecule to exhibit its biological action a t  its molecular site 
of action in an in uiuo system, it must first he transported from its original 
entry site to its target site. To simplify the dynamics of drugs in biological 
fluids (the biophase), various model systems attempt to approximate the 
biophase (an aqueous system with a nonpolar component present similar 
to a colloidal suspension) with, for example, the octanol-water system 
(7-9). The octanol-water system used in determining drug dynamics in 
complex in uiuo biophases is a simplification of the actual occurrences 
hut has been accepted as suitable for determining relative membrane 
versus water solubilities. I t  is the most extensively studied system de- 
picting in uitro partitioning between polar and nonpolar biological 
components (10,l l) .  


The octanol-water system was selected as a model to evaluate the effect 
of lipophilicity or hydrophobicity in the biological action of substituted 
hydroxyureas. Surprisingly, the properties of the substituted hydroxy- 
ureas, as observed by their IR carbonyl nitrogen absorption (1720-1550 
cm-I), were different in octanol after equilibration with pH 7.4 water 
compared to spectra taken immediately after dissolving the substituted 
hydroxyurea in octanol (Fig. 1). This spectral change (C spectra compared 
to A spectra) after extended equilibration with water (2-4 weeks) oc: 
curred after 24 hr of equilibration with water (B spectra), and this process 
proceeded without a change of pH in the aqueous system. In spectra of 
all hydroxyureas except hydroxyurea itself, a change occurred in the 
carbonyl nitrogen region after water equilibration from two distinct peaks 
at around 1550-1580 and 1650-1690 cm-I (1720 and 1780 cm-I for the 
isopropyl analog (VI) and 1660 and 1710 cm-I for the tert-butyl analog 
(VIII)] to a broad hand centered around 1650 cm-'. The spectra of VI- 
VIII also had additional shoulders in the broad hand at  1650 cm-I. 


To determine if a chemical reaction occurred in the aqueous solvents 
during water equilibration, the compounds were allowed to stand in water 
(pH 7.4 at room temperature) in sealed flasks. These flasks were attached 
uia polyethylene tubing to a gas dispersion apparatus in anhydrous ether. 
With this method, a gas could he detected immediately after the solution 
was acidified to pH 1.5 or after ferric chloride was added (with a corre- 
sponding color change to blue) for most hydroxyureas (Table I). IR 
spectra of the ether solutions (using a double-beam instrument with ether 


Table 11-Relative Concentrations Required to Inhibit 50% 
Enzyme Activity (IDSO) of Ribonucleoside Diphosphate 
Reductase 


Inhibitor 
Concentra- Average 


Com- Determination tion Concentra- 
pound 1 2 3 4 5 Ranae,mM tion 


I 1.0 1.0 1.0 1.0 1.0 0.055-0.27 0.12 
I1 2.7 1.7 0.7 0.7 - O.O~-O.IF, n nq 


111 4.9 2.0 0.9 1.1 1.0 o.ii-o:% 0.17 
V 15.5 4.2 3.6 3.6 13.3 0.23-0.85 0.48 


VlI 9.1 6.4 5.8 7.0 7.5 0.35-2.0 0.84 
VI - _ _  19.0 0.80 - 


VIII - _ -  9.5 0.40 - 


as the blank) also indicated the presence of decomposition gases after 
treatment with acid or ferric chloride. For the hydroxyureas in pH 7.4 
water at room temperature, no decomposition gases were observed over 
4 weeks, and no absorption could he detected in the ether solution spectra 
(taken a t  intervals) in which the gas dispersion tube had been im- 
mersed. 


The solutes (hydroxyureas) also were examined for possible decom- 
position during the equilibration process. Attempts to remove octanol 
by evaporation under vacuum were unsuccessful (hydroxyurea slowly 
decomposed) due to the high boiling point of l-octanol(194-195O), hut 
the water layer could he removed by freeze drying under vacuum. The 
solids obtained from solutions treated by freeze drying (I and 1V-VIIl) 
were identical to starting material (melting points) and showed IR spectra 
in dry octanol identical to those obtained for the initial solution (i.e., A 
spectra in Fig. 1). Identical solid materials also could he obtained when 
the octanol layer was washed with water and the water was removed by 
freeze drying under vacuum, indicating that chemical decomposition was 
not the cause of the IR spectral changes in octanol after water equili- 
bration. 


Various reactions of the hydroxyureas with water could account for 
the IR spectra, and the function of water in each reaction is different 
(Scheme I). Scheme I depicts the conformational system of hydroxyureas 
(Ie, If, Ij, and Ik) produced by interconversion through canonical forms 
Ig and Ih. Water could: (a)  catalyze the tautomerization (as could the 
solvent) of the N-1 or N-3 proton to form tautomers Ia-Id and 11-10; ( b )  
react with a form similar to canonical form Ih to produce a diol (Ii) by 
addition to the carbonyl function; or (c) react with a form that is not in- 
ternally hydrogen bonded, such as conformer Ik ,  uia hydrogen bonding 
to form a solvated form of the hydroxyurea (Ip). 


In B and C spectras (Fig. 1) for all substituted hydroxyureas, there is 
an absence of absorption similar to that observed in A spectra, indicating 
that the chemical process that caused the new signals had proceeded to 
100% completion. The presence of water in the original samples of hy- 
droxyureas could account for different spectra after equilibration and 
drying due to the removal of all water. This possibility was eliminated 
when spectra taken after initial solution and those taken after drying over 
anhydrous sodium sulfate (for 1 and 24 hr) were identical (Fig. 2). 


Of the three possible products that  can form with water in octanol, the 
diol (Ii) is the least likely and would he the most unstable. For diol for- 
mation to occur, the carbonyl carbon would have to possess a strong b+ 
charge (b+CO*-); therefore, the canonical form Ih would represent the 
form of hydroxyurea present. This form would require minimal double 
bond character between NIC and N2C bonds, which is unlikely since any 
positive charge that forms a t  the carbonyl carbon causes electron flow 


Figure %--Carbony1 nitrogen region of IR spectra of VZI after dissolu- 
tion in dry octanol (left) and after drying over anhydrous sodium sulfate 
for I (middle) and 24 (right) hr. 
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from the nitrogens toward the b+C==O to stabilize the carbonyl group. 
Since the carbonyl absorption completely disappears, it is highly unlikely 
that it is due to a 100% conversion to diol Ii, which could not have a C=N 
system, and it would be hard to rationalize the strong absorption at  1650 
cm-1, which is probably due to C=N in the molecules. 


The reaction of the hydroxyurea with water in the other two cases in- 
volves tautomerization catalyzed by water or the solvent to form tau- 
tomers Ia-Id and 11-10 and the solvate formation with water to form Ip 
(Scheme I). In tautomerization, water does not add to the molecule, but 
rather bond breaking and bond making are promoted by water or by the 
solvent. The spectral phenomenon observed in octanol also occurred in 
ether. Upon initial solution, two signals were observed; after water 
equilibration and drying, a single signal (also around 1650 cm-1) was 
detected. Attempts to reproduce the spectral changes in a solvent without 
the addition of water were performed by allowing VII to stand for 3 days 
in dry solvents with proton affinity closer to water [proton affinities in 
kilocalories per mole (12) are: water, 164; 1-octanol, 202; and ether and 
tetrahydrofuran, 1871. Tests with tetrahydrofuran and ether were un- 
successful, indicating that the process observed when water was present 
did not occur in the dry solvent and that the molecular species in the dry 
solvents were probably the same. 


Therefore, the spectral changes observed in octanol after equilibration 
with water are due to conformational and/or tautomeric changes similar 
to those reported in other solvents (1).  The conformational and/or tau- 
tomeric changes are the result of the stabilization or destabilization of 
conformational isomers in each solvent system (Scheme I). This type of 
conformational system would be sensitive to the presence of water or 
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other polar solvents or molecules (allowing hydrogen bonding to water, 
or other polar groups rather than internal hydrogen bonding). The IR 
spectra of the hydroxyureas taken in dry solvents immediately after so- 
lution most likely depict conformers Ie and If, which are stabilized by 
OH-O=C hydrogen bonding, and conformer Ij, which is stabilized by 
weaker NH-OH hydrogen bonds (Scheme I). All conformers (Ie, I f ,  Ij, 
and Ik) are formed by interconversion through some intermediate. This 
intermediate may be similar to canonical form Ig, where rotation around 
the NC bonds is restricted due to the C=N character, or the canonical 
form Ih, which allows rapid rotation and interconversion. 


In dry octanol, the internal hydrogen bonding may exist in preference 
to hydrogen bonding with the solvent. This effect would be observed in 
the IR spectra as complex signals due to conformers Ie, If, and Ij  and the 
canonical form present during interconversion. Conformer Ik should not 
be an important contributor in the IR absorption, since it is not stabilized 
by internal hydrogen bonding and it would be quickly interconverted to 
the other conformers through canonical forms Ig and Ih. After equili- 
bration with water, a form similar to Ik is present. This form is stabilized 
by solvate formation with water, which does not allow it to interconvert 
back to the other forms due to hydrogen bonding with water. Since Ik 
or its solvate form would be stabilized, it would not be able to interconvert 
into a canonical form, which would have a carbonyl absorption and would 
primarily possess a C=N absorption observed as strong absorptions a t  
1650 cm-’. 


The implications of these data are relevant to drug action if different 
forms of the hydroxyurea conformational system are present in prefer- 
ence to others, depending on whether the system is in a polar or a non- 
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polar environment and whether internal hydrogen bonding is stabilized 
or whether hydrogen bonding to a solvent or to other biochemical entities 
has occurred. Hydroxyurea appears to possess the same type of carbonyl 
nitrogen character before and after equilibration with water. Therefore, 
no conformational preference may exist in hydroxyurea in solutions where 
conformational preference may be conferred to substituted hydroxyureas 
by their bulk or steric hindrance or to some electronic stabilization factor. 
The crystal structure of hydroxyurea indicates that  intermolecular hy- 
drogen bonding exists between the hydroxyl group of one molecule and 
the carbonyl oxygen of another molecule rather than intramolecular 
hydrogen bonding (13), and internal hydrogen bonding may not be pre- 
ferred in solution. 


The in uitro inhibition of ribonucleotide reductase by selected hy- 
droxyureas (Table 11) relative to hydroxyurea seems to indicate a solvent 
dependency. Although the enzyme system is quite complex and its ac- 
tivity is dependent on many variables (14), its inhibition by hydroxyureas 
followed a general trend, except for the 3-n-propyl analog (V) in the first 
determination. The solvent for hydroxyurea and the 1-analogs (I1 and 
111) was wa r for all determinations, and water was used for V in the first 


was 1% dimethyl sulfoxide. 
The inhibitory concentration required to obtain 50% enzyme activity 


with V was much higher in the first determination than in the other de- 
terminations (2-4 in Table II),  and this result was due to some error in 
the enzyme determination or to the different solvent. T o  verify which 
factor was the determinant in the inhibition study, another analysis was 
performed (5 in Table 11) in which water was the solvent for all com- 
pounds. Again the concentration required for 50% enzyme inhibition for 
V was appreciably higher than in determinations where dimethyl sulf- 
oxide was the solvent. This result implicates the solvent as a potential 
variable in the ability of hydroxyureas to function in the in uitro inhibi- 
tion of ribonucleoside diphosphate reductase, and this property should 
be considered in the elucidation of the biodynamics of drugs in the hy- 
droxyurea class. 


Although it is not possible to determine whether the solvent-dependent 
conformational system observed in substituted hydroxyureas is the actual 
cause of the poor inhibition of the enzyme, with V the conformation and 
solvent have an interdependence that may affect the biological action 
of the drug. The transport and partitioning properties of hydroxyureas 
in octanol-water are currently being investigated to determine whether 
predicted and actual partition coefficients support the solvent-dependent 
conformation and the importance of this property in drug transport in 
uiuo. 


determina it” .ion. The solvent for all other determinations for V and VII 
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A’O T E S  


Improved Recovery of Morphine from 
Biological Tissues Using Siliconized Glassware 


HEMENDRA N. BHARGAVA 


Abstract 0 The adsorption of morphine onto glassware during analysis 
in aqueous solutions and biological tissues is a common problem, resulting 
in lower recoveries than expected. The problem can be remedied by sil- 
iconization of all glassware involved. The same glassware cannot be used 
repeatedly without incurring a significant loss of morphine. 


Several methods including fluorometric (1, 2), flame- 
ionization (3) and electron-capture (4) GLC, and ra- 
dioimmunoassay (5) have been used to measure morphine 


Keyphrases Morphine-adsorption onto glassware during fluoro- 
metric analysis, effect of siliconization Adsorption-morphine onto 
glassware during fluorometric analysis, effect of siliconization Sili- 
conization-of glassware, effect on adsorption of morphine during fluo- 
rometric analysis 0 Narcotic analgesics-morphine, adsorption onto 
glassware during fluorometric analysis, effect of siliconization 


levels in biological tissues. The fluorometric procedure is 
still the most widely used method because of its simplicity 
and rapidity. 
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GI Intolerance and Nitrofuran toin 


Nitrofurantoin, 1-[(5-nitrofurfurylidene)amino] hydantoin, is an 
important agent in the arsenal of antibacterials used to fight urinary 
tract infections. Despite proven efficacy, the use of nitrofurantoin has 
been frequently associated with nausea and vomiting’. These effects 
have limited the use of the drug in some patients, thus denying them 
its therapeutic potential. 


In a recent issue of this Journal, Parrott and Matheson2 reported 
that nitrofurantoin can be absorbed when administered rectally in 
certain suppository formulations. Although absorption was poor, 
bacteriostatic concentrations (>1:100,000) were achieved in the urine 
and maintained for up to 4 hr  after a 400-mg dose. The authors 
concluded that: “Persons who exhibit nausea and emesis after oral 
administration of nitrofurantoin possibly could receive nitrofurantoin 
therapy by the rectal route.” This conclusion may not be justified. 


Rectal administration itself will not always alleviate the problem of 
nausea associated with certain oral medications. If a drug is directly 
irritating to the GI mucosa, this approach is likely to succeed. 
However, if the nausea and emetic response caused by a drug are 
mediated predominantly through an effect on the central nervous 
system, then these side effects will not necessarily be avoided by using 
the rectal route. 


Nitrofurantoin serves as an example of a drug that produces nausea 
and vomiting, at least in part, uia a central mechanism. Support for 
this contention comes from data showing a relationship between blood 
levels of the drug and these side effects3. Decreased urinary excretion 
levels are also associated with the decreased incidence of nausea4. 
Furthermore, parenteral administration as an intravenous5 or 
intramuscular68 injection also produces nausea and vomiting. 


Some success in reducing the frequency of these side effects has 
been achieved by decreasing the rate of nitrofurantoin absorption. 
Large crystals, in contrast to microcrystals, of the drug produce more 
gradual absorption and yet allow the achievement of therapeutic 
amounts in the urine3. This may be the reason macrocrystals of 
nitrofurantoin tend to produce less GI upset. Food, by delaying 
absorptions, similarly seems to improve GI tolerance. 


In the study by Parrott and Matheson*, an oral dose (400 mg) of 
nitrofurantoin (fine, 320-325 mesh) produced gastric upset in four of 
their original eight subjects. The authors did not report whether 
nausea was produced in subjects who received the same dose rectally. 
The absence of nausea, if this were the case, could be the result of the 
relatively poor rectal absorption observed. 


For nitrofurantoin, a reduced rate of bioavailability may uniquely 
diminish its side effects. These findings2 should provide a stimulus for 
further pharmacokinetic and biopharmaceutical studies to improve 
therapeutics with drugs that may behave like nitrofurantoin. 
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Cancer Cell Aggregates: 
Temperature Elevation 


Currently, there is controversy regarding the relationship of the 
quantity of blood present in cancerous tissue (i.e., continuous 
uncontrolled growth in cell aggregates) to the temperature of such 
tissue. One group maintains that malignancies are characterized by 
high temperature because relatively large quantities of blood are 
present in the lesion. The opposing argument holds that elevated 
temperatures are present in cancerous tissue because the tissue 
contains a relatively lesser amount of blood. Proponents of this view 
believe that the lesser quantity of blood has a reduced coolant effect. 


We wish to make the following contribution to the discussion. It is 
a basic fact that  blood arrives at any given tumor site at roughly 37’. 
The temperature of the tumor is higher, approximately 38’. As is 
known, temperature is an intensive factor. Therefore, regardless of the 
amount of blood arriving a t  the lesion, heat can only flow from the 
higher temperature of the malignancy to the lower temperature of the 
blood. Given this fact, a greater quantity of blood might provide an 
increased coolant effect; it cannot be a source of temperature increase. 
Even if it may be assumed that there is an increased flow of blood to 
the tumor, in all cases the overall system still involves blood entering 
and leaving cancerous tissue a t  a temperature lower than that of the 
tumor. Thus, blood must act as a coolant. 


T o  explain the temperature of any system, the rate of heat 
dissipation must be considered as well as heat input. One principal 
factor influencing the dissipation rate is the nature of the matrix 
through which heat conduction occurs. Aggregates of normal cells, i e . ,  
flocculated aggregates, contain an open network in which trapped 
bulk water acts as the coolant. Bulk water as it exists, for example, in 
blood plasma has excellent cooling properties. Ecanow and co- 
w o r k e r ~ ~ - ~  proposed that cancer cells are aggregated in a structured 
matrix, i.e., a coagulated system. In such systems, heat derived from 
metabolism is conserved because it is lost by conduction at a slower 
rate than the rate of loss through normal cell aggregates. Thus, 
because heat is conserved in malignant tissue, its temperature 
compared to normal surrounding tissue is elevated. 


normal tissue because: (a)  there is more continuous metabolic heat 
production, ( b )  the structured intercellular coagulated matrix 
conserves heat, and ( c )  malignant tissue simply does not have 
sufficient blood circulating through it to be cooled to normal 
temperature. 


The conclusion to be drawn is that malignant tissue is warmer than 
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Role of Carbonate in Acid 
Aluminum Hydroxide Gel 


NICHOLAS J. KERKHOF*, JOE 


Neutralization of 


L. WHITE $, and STANLEY L. HEM *x 


Abstract 0 The role of carbonate in the acid neutralization of a car- 
bonate-containing aluminum hydroxide gel was studied. The pH-stat 
neutralization reaction was comprised of three phases: an initial, im- 
mediately reacting phase; a slow, zero-order phase; and a terminal, fast 
zero-order phase. The evolution of carbon dioxide and the appearance 
of aluminum ions were monitored during neutralization. Acid neutral- 
ization is believed to occur predominantly at the aluminum-carbonate 
bond during the slow phase of neutralization. The reaction of structural 
carbonate disrupts the gel structure and increases the porosity and sur- 
face area of the gel. The diffusion of acid into the gel structure is facili- 
tated and accelerates the neutralization rate, as seen in the final phase 
of the pH-stat titrigrams. This behavior of carbonate is probably re- 
sponsible for the rapid and complete neutralization of acid generally 
observed with carbonate-containing aluminum hydroxide gel. 


Keyphrases 0 Aluminum hydroxide gel-acid neutralization, pH-stat 
titration, role of carbonate 0 Gels-aluminum hydroxide, acid neutral- 
ization, pH-stat titration, role of carbonate Acid neutralization- 
aluminum hydroxide gel, pH-stat titration, role of carbonate 0 pH-stat 
titration-aluminum hydroxide gel, acid neutralization, role of carbonate 


Carbonate-role in acid neutralization of aluminum hydroxide gel, 
pH-stat titration Antacids-aluminum hydroxide gel, acid neutral- 
ization, pH-stat titration, role of carbonate 


Carbonate is an integral part of the aluminum hydroxide 
gel structure (1). The presence of carbonate in the gel 
structure contributes to gel stability (2), probably by in- 
hibiting polymerization of the hydroxyaluminum particles 
and retarding the development of a highly ordered struc- 
ture. In addition to enhanced stability, carbonate-con- 
taining aluminum hydroxide gels usually exhibit a faster 
acid neutralization rate than is observed in gels stabilized 
by other anions such as chloride or sulfate (2). The objec- 
tive of this investigation was to determine the mechanism 
of acid neutralization in carbonate-containing aluminum 
hydroxide gels. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. 


Aluminum Hydroxide Gel Preparation-Carbonate-containing 
aluminum hydroxide gel was prepared by the reaction of aluminum 
chloride, sodium bicarbonate, and sodium carbonate to a final pH of 6.5 
(2). 


Analytical Procedures-The equivalent aluminum oxide content 
was determined by the ethylenediaminetetraacetic acid titration (3). The 
acid reactivity was measured using an automated pH-stat method (4). 


The carbonate content of the gels was analyzed by a gasometric dis- 
placement technique ( 5 )  using a Chittick apparatus’. The results are 
expressed as the ratio of millimoles of carbon dioxide evolved to milli- 
moles of aluminum in the gel. 


A specially designed glass reaction vessel, with a polytef head and 
methyl methacrylate top, was fabricated to study the evolution rate of 
carbon dioxide from the carbonate-containing aluminum hydroxide gels 
during neutralization with 1.0 N HCl. The reaction assembly consisted 
of a glass reaction vessel and an airtight head and top, which sealed the 
system and served as a holder for the electrodes, the titrant delivery tube, 
and the gas outlet tube connected to the Chittick apparatus. 


The glass reaction flask was made of 45-mm 0.d. X 100-mm Pyrex glass 
tubing. The wall thickness was 1.92 mm. The reaction vessel was fabri- 
cated with a flat bottom to facilitate the use of a standard 2.54-cm poly- 
tef-coated magnetic stirring bar. 


The reaction head was fabricated from a 5.08-cm polytef rod (Fig. 1). 
The bottom side was machined to 41-mm diameter to fit inside the re- 
action vessel. A groove for a 3.175 X 41.275-mm 0.d. O-ring was machined 
in the circumference of the bottom lip so that a tight press fit was ob- 
tained when the reaction vessel was forced over the O-ring. 


Appropriately sized holes were drilled through the head to allow the 
insertion of the electrodes, the titrant delivery tube, and the gas outlet 
tube. A clear methyl methacrylate top was machined to the same pattern 
as the head. Eight holes were drilled in the top and threaded in the head 
to accept binding-head machine screws. The O-rings were fitted over the 
electrodes, the titrant delivery tube, and the gas outlet and were placed 
between the top and the head. The openings in the top and head were 
beveled to compress the O-rings and to seal the head when the machine 
screws were tightened. 


An injection port was included in the reaction head. An appropriately 
sized hole was machined in the head to accept a high-pressure liquid 
chromatographic septum. 


The reaction vessel, head, and top were combined with the pH-stat 
titrator and the Chittick apparatus. The sealed reaction vessel replaced 
the decomposition flask of the Chittick apparatus, and the 25-ml pH-stat 
autoburet replaced the glass buret. 


The following procedure is used to monitor the evolution of carbon 
dioxide during the neutralization of a sample containing 380 mg equiv- 
alent A1203 by 1.0 N HCl at pH 3.0. Transfer an appropriate volume of 
liquid gel, accurately weighed, into the decomposition reaction vessel. 
Secure the reaction vessel to the reaction head assembly. With the 
stopcock open to the atmosphere, adjust the leveling bulb to bring the 
displacement solution to 20.0 ml above the zero mark. Let the system 
stand 1-2 min to allow the temperature and pressure within the apparatus 
to equilibrate to room conditions. Then close the stopcock to the atmo- 
sphere. Lower the leveling bulb until the level reads zero on the measuring 
buret. 


Using a glass syringe fitted with a 7.62-cm, 22-gauge needle, insert the 
needle through the injection port septum and slowly add 20.0 ml of 


1 Sargent-Welch Scientific Co., Skokie, 111. 
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Figure 1-Top and head for pH-stat carbonate annlyzer. Key: A ,  outlet 
to Chittick apparatus; B, titrant delivery inlet; C and D, electrode ports; 
E, machine screw; F, injection port; G, methyl methacrylate top; H, 
O-ring; I ,  polytef head; J ,  O-ring; and K,  a n  electrode. 


double-distilled water maintained a t  room temperature. Withdraw the 
needle and check to see that the level of displacement solution in the 
measuring tube is a t  the zero mark. Turn on the magnetic stirrer, pre- 
viously calibrated a t  300 rpm, and activate the pH-stat instrument to 
maintain pH 3.0 by adding 1.0 N HCl from the autoburet. 


As the reaction proceeds, manually lower the leveling bulb to maintain 
the level of the measuring buret and leveling bulb a t  the same level. 
Record milliliters of carbon dioxide evolved with time from the measuring 
buret. Note the room temperature and atmospheric pressure and convert 
the volume displaced to standard conditions. 


Anhydrous sodium carbonate, dried at 105' for 4 hr, was used to 
evaluate the specially designed system to monitor the evolution of carbon 
dioxide during the pH-stat titration. Weighed samples of sodium car- 
bonate were placed in the reaction vessel and decomposed using 1.0 N 
HCl added by the autoburet. The nine samples analyzed evolved 94.9% 
of the theoretical amount of carbon dioxide. 


The Chittick procedure uses 4 N HCl to decompose the sodium car- 
bonate. When 4 N HCl was used in the autoburet, five replicate deter- 
minations using sodium carbonate evolved 99.8% of the expected amount 
of carbon dioxide. It was concluded that the use of 1.0 N HCl in the 
pH-stat titration could result in a 5% understatement of the amount of 
carbon dioxide evolved from the gel. This small error should not interfere 
with the neutralization study using 1.0 N HCI. 


The pH-stat apparatus was calibrated with sodium carbonate and 4.0 
N HCl before and after the experiment. Average values of 99.6 and 99.7% 
of theory were obtained before and after the experiment, respectively, 
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Figure 2-The pH-stat titrigram of carbonate-containing aluminum 
hydroxidegels aged a t  25". Key: A, 12 months; B, 19 months; and C, 25 
months. 
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Figure 3-Euolution of carbon dioxide during pH-stat titration from 
carbonate-containing aluminum hydroxide gels aged a t  25'. Key: 0, 
sodium carbonate solution; 0, 12 months; 0, 19 months; and A, 25 
months. 


indicating that the system was functioning properly and had remained 
sealed during the pH-stat titrations. 


IR spectra2 were obtained by air drying a film of the gel on a zinc sul- 
fide3 window. The best experimental results were obtained with films 
containing approximately 0.3 mg of aluminum oxide/cm2. 


IR analysis of partially neutralized aluminum hydroxide gel was ob- 
tained by stopping the addition of acid from the autoburet during neu- 
tralization. The reacting gel medium was immediately filtered using a 
10-ml glass syringe fitted with a filter adapter4, prefilter, and 0.45-pm- 
membrane filter. The total elapsed time was 15 sec. An air-dried film of 
the collected solids on a zinc sulfide window was prepared as previously 
described. 


Atomic absorption spectrophotometry was used to monitor the ap- 
pearance of aluminum ions in the reaction medium as the aluminum 
hydroxide gel was neutralized by 1.0 N HCl a t  pH 3.0. The addition of 
acid from the autoburet was stopped a t  various points during neutral- 
ization. The reaction medium was immediately filtered using the pre- 
viously described filtration assembly. The filtered medium was appro- 
priately diluted with distilled water, and the aluminum content was de- 
termined by atomic absorption analysis. An atomic absorption spectro- 
photometer5 equipped with a hollow cathode aluminum lamp6 was used. 
The aluminum-ion concentration in the reaction medium was calculated 
by taking the total reaction volume a t  the time the reaction was stopped 
as the sum of the volume of distilled water, the volume of gel, and the 
volume of 1.0 N HCl added to that time as determined from the titri- 
gram. 


RESULTS AND DISCUSSION 


The aluminum hydroxide gels studied contained carbonate as an in- 
tegral part of the gel structure, as demonstrated by IR analysis of the gel. 
The carbonate band that occurs at 1450 cm-' in sodium carbonate split 
and appeared as two bands a t  1525 and 1415 cm-1. This splitting of the 
carbonate band was due to the coordination of carbonate with aluminum 
in the gel structure (1). 


The acid neutralization of carbonate-containing aluminum hydroxide 
gel appears to consist of three phases when studied using the pH-stat 
technique (4): an initial, immediately reacting phase; a slow zero-order 
phase; and a terminal, fast zero-order phase. This reactivity pattern was 
somewhat unexpected because, for example, the dissolution rate of a 
suspension generally decreases as dissolution occurs due to the higher 
solubility and more rapid dissolution rate of the small particles in the 
suspension. 


To understand the reaction mechanism responsible for the unexpected 
reactivity pattern, the rates of acid neutralization and carbon dioxide 
evolution were determined for three carbonate-containing aluminum 
hydroxide gels aged for 12, 19, and 25 months at 25". As seen in Fig. 2, 
the gels all exhibited the same reactivity pattern. As previously reported 
(4), the effect of aging was to decrease the amount of immediately reacting 
material and to reduce k n  and kIII, the zero-order rate constants for the 
slow phase and the final fast phase, respectively. 


Model 421, Perkin-Elmer Corp., Norwalk, Conn. 
Irtran 2, Eastman Kodak Co., Rochester, N.Y. 
Micro-Syringe holder, Millipore Corp., Bedford, Mass. 
Model 290B, Perkin-Elmer Corp., Norwalk, Conn. 
Perkin-Elmer Corp., Norwalk, Conn. 
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Figure 4-Experimental ratio of evolved carbon dioxide to acid neu- 
tralized compared to the stoichiometric ratio of total carbonate in the 
gel to total acid neutralized during pH-stat titration of carbonate- 
containing aluminum hydroxide gels aged a t  25’. Key: 0 , 1 2  months; 
0 , 1 9  months; A, 25 months; and - - - , expected behavior. 


Carbon dioxide evolution from these gels followed a somewhat different 
pattern (Fig. 3). The carbon dioxide evolution rate was greatest during 
the first 10 min, which corresponds to the slow phase of the acid neu- 
tralization curve. 


Carbon dioxide evolution from a solution of sodium carbonate is shown 
in Fig. 3. A comparison of the evolution of carbon dioxide from a sodium 
carbonate solution and from the aluminum hydroxide gels supports the 
hypothesis that carbonate is part of the gel structure. Carbon dioxide was 
evolved a t  a constant, rapid rate from the sodium carbonate solution. 
Carbonate was released much more slowly from aluminum hydroxide gel 
and a t  a rate that  varied during neutralization. 


The relationship between carbon dioxide evolution and acid neutral- 
ization is seen more clearly if the experimental ratio of evolved carbon 
dioxide to acid neutralized (CO*/H+) is compared to the stoichiometric 
ratio of total carbonate in the gel to the total acid neutralized. The stoi- 
chiometric ratio of total carbonate in the gel determined by the Chittick 
procedure to the total acid neutralized was 0.135 in the 12-month gel, 
0.120 in the 19-month gel, and 0.115 in the 25-month gel. The experi- 
mental ratio of evolved carbon dioxide to acid neutralized differed from 
the stoichiometric ratio (Fig. 4). During the first two phases of the neu- 
tralization reaction, more carbon dioxide than expected was liberated. 
Less carbon dioxide was evolved than predicted during the final phase 
of neutralization. 


The role of carbonate in neutralization was further studied by com- 
paring the IR spectra of the gel before neutralization and after partial 
neutralization. Figure 5 shows that the gel aged 12 months had a split 
carbonate band, indicating that carbonate was coordinated with alumi- 
num. After the gel was 15% neutralized, the split band was less pro- 
nounced. At 50% neutralization, the carbonate band appeared as a single 
band a t  1470 cm-l. A small degree of interaction still existed between 
carbonate and aluminum a t  this point since the band was shifted from 


1500 1000 
FREQUENCY, cm-’ 


Figure 5-IR spectrum of a carbonate-containing aluminum hydroxide 
gel aged 12months a t  25”. Key:A, unreacted, R;after 15% neutraliza- 
tion; and C, after ,507; neutralization. 


2 4 6 
MINUTES 


Figure 6-Appearance of aluminum ion during pH-stat titration of 
carbonate-containing aluminum hydroxide gel aged 1 day at 25’. Key: 
-, H +  consumed; and 0, A13+ in solution. 


the normal position a t  1445 cm-l. These changes in the IR spectrum 
during neutralization indicate that the association between carbonate 
and aluminum is destroyed during the early phases of neutralization. 
Evidence of coordination with aluminum was virtually gone by the time 
the gel was 50% neutralized. 


The milliequivalents of aluminum ion appearing in solution was less 
than the milliequivalents of acid neutralized during the first two phases 
of the pH-stat titration. The result is seen in Fig. 6 for a carbonate-con- 
taining aluminum hydroxide gel aged I day. Similar behavior was ob- 
served after the gel was aged for 40 and 193 days a t  25’. 


The slow appearance of aluminum ion is consistent with the high ratio 
of evolved COz/H+ during the early phases of the neutralization reaction. 
The early acid attack appeared to occur predominantly a t  the alumi- 
num-carbonate bonds. The appearance of aluminum ions, which were 
only generated by the complete neutralization of the aluminum hydroxide 
gel, was delayed. The milliequivalents of aluminum ion in solution was 
equal to the milliequivalents of acid neutralized during the third phase 
of the neutralization reaction where the predominant reaction was the 
attack of aluminum-hydroxyl bonds by protons. 


Aluminum hydroxide gel may be considered to have a polymeric 
structure consisting of aluminum atoms joined by double hydroxide 
bridges, which may ultimately form a large, ordered structure. Carbonate 
appears to replace a hydroxyl in the double hydroxide bridges. The car- 
bonate in the gel structure readily reacts with acid during neutralization. 
The initial acid reaction with carbonate disrupts the gel structure and 
causes an increased porosity and surface area. This facilitates the diffu- 
sion of acid into the gel and causes an accelerated neutralization rate, as 
seen in the third phase of the pH-stat titrigrams of aluminum hydroxide 
gel. This unique role of carbonate is probably responsible for the rapid 
and complete neutralization of acid generally observed with carbonate- 
containing aluminum hydroxide gel. 
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Comparative Drug Adsorption by Activated Charcoal 


E. M. SELLERS V. KHOUW *, and L. DOLMAN * 


Abstract Comparative i n  uitro studies were carried out to determine 
the adsorption characteristics of 12 drugs on activated charcoal. At pH 
1.3 and 37O, the adsorption capacity of activated charcoal (milligrams 
per gram of charcoal) was: aspirin, 262; glutethimide, 252; methaqualone, 
179; chlordiazepoxide, 157; propoxyphene napsylate, 137; diazepam, 136; 
amitriptyline, 133; propoxyphene hydrochloride, 127; secobarbital, 124; 
pentobarbital, 103; phenobarbital, 70; and amobarbital, 51. The ad- 
sorption of the weak acids was most markedly decreased at  pH 10.8. In 
patients, actual drug adsorption probably is lower than these maxima 
because of the presence of mucus, bile salts, and other drugs. In patients 
ingesting large amounts of poorly adsorbed drugs, activated charcoal 
would not be helpful. 


Keyphrases 0 Charcoal, activated-adsorption of various drugs i n  uitro, 
effect of pH 0 Adsorption-various drugs to activated charcoal i n  uitro, 
effect of pH Analgesics-aspirin and propoxyphene, adsorption to 
activated charcoal in uitro, effect of pH 0 Sedatives-glutethimide, 
methaqualone, diazepam, secobarbital, pentobarbital, phenobarbital, 
and amobarbital, adsorption to activated charcoal, effect of pH 
Tranquilizers-chlordiazepoxide, adsorption to activated charcoal i n  
vitro, effect of pH 0 Antidepressants-amitriptyline, adsorption to ac- 
tivated charcoal i n  uitro, effect of pH 


Activated charcoal is frequently given to patients after 
acute drug ingestion (drug overdose) in an attempt to ad- 
sorb some ingested drug and thereby decrease the duration 
of the coma and/or the incidence of drug-induced mor- 
bidity. The efficacy of instilling activated charcoal down 
the lavage tube after lavage is not proven in adults (1). 


The binding of psychoactive drugs to activated charcoal 
has been studied extensively. With rare exceptions, these 
studies are at nonphysiologic pH, in nonphysiologic solu- 
tions, at temperatures less than 37", conducted in non- 
primates, and seldom of a wide spectrum of chemical 
substances in the same study. Studies in humans are fre- 
quently anecdotal in nature and often pertain to chil- 
dren. 


In in uiuo animal studies, activated charcoal reduced GI 
absorption of phenobarbital (2), secobarbital(3), pento- 
barbital (2), glutethimide (3), propoxyphene (4-6), and 
aspirin (7,8). Activated charcoal also significantly reduced 
GI absorption of drugs in humans (8-11). 


As a prelude to efficacy studies of charcoal and other 
adsorbents in humans, the adsorption characteristics of 
various drugs on activated charcoal were determined. 


EXPERIMENTAL 


I n  uitro charcoal adsorption studies were carried out by dissolving 
psychoactive drugs in solutions at  pH 1.3 and 10.8. Each liter of pH 1.3 
solution contained: Na+, 40 mEq; K+, 10 mEq; and C1-, 95 mEq. Each 
liter of pH 10.8 solution contained Na+, 157 mEq; K+, 10 mEq; C1-, 114 
mEq; and HC0s2-, 106 mEq. Maximum adsorption wavelengths were 
determined' for each drug, and standard adsorption-concentration 
curves were prepared for each drug. 


Twenty milliliters of solution containing 10-25 mg of drug was placed 
in a 50-ml centrifuge tube and incubated a t  37' in a metabolic shaker. 
Various amounts of activated charcoal2 (0.04-0.64 g) were then added 
to the tube carefully. The charcoal-drug solution was mixed, and incu- 


1 Beckrnan DBG UV spectrophotorneter. 
Norit A, Fisher Scientific. 


bation with shaking was continued for 15 min. The charcoal was allowed 
to settle for 5 min, and the supernate was then immediately filtered 
through a filter syringe?. The drug concentration in the simulated 
physiologic solution was determined spectrophotometrically after suitable 
dilution with 0.2 M carbonate buffer (pH 10). 


RESULTS AND DISCUSSION 


Experimental results on the adsorption of psychoactive drugs at  pH 
1.3 by activated charcoal are shown in Figs. 1 and 2. These data are 
plotted according to  the Langmuir equation: 


where C,, is the free drug concentration in solution at equilibrium, xlm 
is the amount of drug adsorbed by the quantity of charcoal used, and k z  
and k 1 k z  are constants. The best straight line through these experimental 
data was calculated by the method of least squares, and the values of k z  
and k l k z  were evaluated from the reciprocals of the respective isotherm 
slope and intercept values of the regression equation. 


Langmuir constants k z  and k l k z  are summarized in Table I. The k l k z  
values-are relatively similar, presumably reflecting similar adsorption 
affinities between activated charcoal and the various drugs tested. 
However, since these values were calculated from the reciprocal of the 
intercept values of the Langmuir equation, k l k z  values are potentially 
subject to some error (12). 


Aspirin was the most extensively bound (262 mg/g). A maximum 
binding capacity of 283 mglg of charcoal a t  pH 1.0 was reported pre- 
viously (11). Because large volumes of activated charcoal slurry may 
precipitate vomiting, one practice is to standardize the amount of charcoal 
by giving 1 g of activated charcoallkg (13). Preferably, the dose of acti- 
vated charcoal should be on the basis of the amount of drug ingested, hut 
this information is seldom available. Therefore, the therapeutic need is 
to ensure that an excess of charcoal is given with minimal risk of vomiting. 
The present findings suggest that  a dose of 1 g of activated charcoallkg 
would adsorb 18.34 g of aspirin (i.e., 58 300-mg tablets). 


Whether propoxyphene is the napsylate or hydrochloride salt makes 
no difference to the adsorption of drug on charcoal. The benzodiazepines 
chlordiazepoxide and diazepam were adsorbed with intermediate ca- 
pacity. Tablet equivalents of adsorption are: chlordiazepoxide, 400 25-mg 
tablets; and diazepam, 1904 5-mg tablets. 


Figures 1 and 2 show the binding isotherms for the various drugs at pH 
1.3, and Table I summarizes the results a t  both pH values. For sufficiently 


Phenobarbital 


I I I I 1 I 
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Figure 1-Langmuir plots  for  barbiturate adsorption on activated 
charcoal at pH 1.3. 


3 Millipore Corp., Bedford, Mass. 
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8 L Arnitriptyline 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 
C,,, mdml 


Figure 2-Langmuir plots for adsorption o f  diazepam, arnitriptyline, 
chlordiazepoxide, methaqualone, and glutethimide on actiuated 
charcoal at pH 1.3. 


soluble drugs, adsorption was less at  the higher pH. The decrease in 
binding was greatest for aspirin (pKa 3.5). These results raise the possi- 
bility that aspirin adsorbed in the stomach may be transported adsorbed 
to charcoal into the small intestine where desorption occurs, with the 
consequent release of drug for absorption into the bloodstream. 


Since patients may well ingest more drug than the charcoal's adsorp- 
tion capacity, charcoal should not be used alone but be combined with 
emesis or lavage. Allowance should be made for giving larger amounts 
of charcoal to  some patients, since the results of these in uitro studies 
probably represent maximum binding capacities. The capacities will 
likely be less in the presence of mucus, bile salts, blood, food, or alcohol, 
which more realistically represent the upper GI tract milieu in the 
overdose patient. 


Table I-Values of Langmuir Constants Expressing Adsorption 
of Various Psychoactive Drugs by Activated Charcoal a t  pH 1.3 
and 10.8.37" 


Charcoal Charcoal 
Adsorbent Adsorbent 
(PH 1.3) (pH 10.8) 


Drug kza k l k z  kZb k l k z  


Amobarbital 51 3.44 47 1.20 
Aspirin 262 3.08 141 1.23 
Amitriptyline 133 3.72 - - 
Chlordiazepoxide 157 1.53 - - 


Diazepam 136 1.39 - - 
Methaqualone 179 3.51 - - 
Glutethimide 252 6.35 - - 
Pentobarbital 103 1.45 95 1.09 
Phenobarbital 70 1.32 56 1.34 
Propoxyphene hydrochloride 127 3.60 - - 
Propoxyphene napsylate 137 5.72 - - 
Secobarbital 124 1.53 85 2.19 


was insukicient to determine the adsorption isotherm accurately. 
Milli rams of drug per gram of charcoal at 37". * For seven drugs, solubility 


An additional complication is that frequently small amounts of a 
number of drugs are taken together, so competition for adsorption may 
occur. A dose of 100 g of activated charcoal would usually provide suffi- 
cient adsorption capacity. The current practice of lavaging patients before 
administering charcoal may not be optimal, and it might be possible to 
increase the efficiency of lavage by instilling the adsorbing substance 
before lavage as well as after. 


Clinical studies in adults to determine the in viuo adsorption of drugs 
and the clinical efficacy of activated charcoal or other adsorbent materials 
such as ion-exchange resins are needed, since drug overdose seems to be 
increasing in incidence. 
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rivative (11) with the proposed structure indicated. It seems 
appropriate to correct the record now since I was again 
proposed as the structure for silylated biotin in a recent 
review (3). 


The possibility that the proposed structure for the silyl 
ester (I) might be incomplete appeared when we prepared 
the methyl ester of biotin using diazomethane. Although 
this methyl ester could be chromatographed, the com- 
pound had a much longer retention time compared with 
the silylated compound and produced a peak that tailed 
badly. This large difference in chromatographic behavior 
is not expected for two compounds that are supposed to 
be simple esters. It also was observed that when the sily- 
lating agent [bis(trimethylsilyl)trifluoroacetamide] (111) 
was added to the previously formed methyl ester, the late 
eluting broad peak disappeared and a sharp, early eluting 
peak was obtained. These observations led to a more de- 
finitive study of the derivatives formed. 


The fully silylated derivatives can be formed by reacting 
5 mg of biotin with 1 ml of a 1:l (v/v) solution of I11 and 
pyridine. After heating a t  60’ for 15 min, the sample is 
ready for analysis. The partially silylated derivative can 
be formed by first reacting 5 mg of biotin in ether with 
excess diazomethane until the yellow color persists. After 
10 min, the methyl ester solution is evaporated to dryness 
and then silylated as described. 


BOOKS 


These samples were then analyzedl on a gas chromato- 
graph-mass spectrometer2 using a 1.9-m 3% OV-17 on 
100-120-mesh Gas Chrom Q3 column. The mass spectrum 
of the fully silylated derivative produced molecular ion 460 
together with a base peak at mle 73, supporting Structure 
11. The mass spectrum of the methylated biotin trimeth- 
ylsilyl derivative gave m/e 402, again with a base peak at 
mle 73, supporting the biotin methyl ester N,N- trimeth- 
ylsilyl structure. 
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REVIEWS 


Annual Reports in Medicinal Chemistry. Vol. 1 I. Edited by FRANK 
H. CLARKE et al. Academic, 111 5th Ave., New York, NY 10003,1976. 
339 pp. 17 X 25.5 cm. Price $16.50. 
The new editor-in-chief of this series, Dr. Frank Clarke, is to be con- 


gratulated on maintaining the quality of content, presentation, and 
timeliness found in earlier volumes. The 32 chapters of this volume are 
grouped into six principal sections. Six section editors (three of them new) 
have the responsibility for the contributions in their areas. 


Most chapters survey the literature of 1975 on new compounds re- 
ported to have pharmacologic activity. A few chapters cover the years 
since a report last appeared in this series. Some of the most interesting 
chapters present a mini-review of some biological process or disease state 
and point the way to potential new approaches for drug therapy. A third 
type of chapter deals with general methods of possible utility in the 
synthesis, design, or testing of drugs. 


The section on CNS Agents has three chapters that update previous 
coverage of antidepressants, antipsychotic agents, antianxiety agents, 
anticonvulsants, sedative-hypnotics, analgesics (including endogenous 
peptides), and narcotic antagonists. In addition, there are two excellent 
chapters on the currently “hot” areas of opiate receptors and biological 
factors in psychiatric disorders. The Pharmacodynamic Agents section 
covers pulmonary and antiallergy drugs, antihypertensives, diuretics, 
and the structure-activity relationships of prostaglandins. The Che- 
motherapeutic Agents section has chapters on antibiotics and antifungal, 
antiviral, antiparasitic, and antineoplastic agents. 


The section on Metabolic Diseases and Endocrine Function has 
chapters devoted to immunosuppressive and immunostimulatory agents, 
steroids, peptide hormones, diabetes, disorders of lipid metabolism, drug 
metabolism, and antiobesity agents. The Topics in Biology section fea- 
tures particularly pertinent chapters on membrane regulators, active 


transport across membranes, the antimetabolite concept, comparative 
toxicology, and chronopharmacology. The last section on Topics in 
Chemistry has the usual chapter on synthetic reactions of interest plus 
chapters concerning the synthesis of P-lactam antibiotics, synthesis of 
cyclic adenosine monophosphate and cyclic guanidine monophosphate 
derivatives, syntheses employing polymeric reagents, quantit,ative drug 
design, and use of NMR for drug binding studies. 


As expected with any work by 46 different authors, the writing style 
is far from uniform. However, the readability of t.his volume is generally 
quite good. Every medicinal chemist and most pharmacologists would 
surely find several chapters of interest. 


Reviewed by James F. Stubbins 
Virginia Commonwealth Uniuersity 
Richmond, VA 23298 


Chinese Herbs: Their Botany, Chemistry, and Pharmacodynamics. 
By JOHN D. KEYS. Tuttle, Rutland, V T  05701, 1976. 338 pp. 15 X 
22 cm. Price $15.00. 
This book is a compendium of monographs of Chinese medicinal plants 


arranged by botanical classification. Each monograph includes an illus- 
tration and Chinese characters as well as a botanical, chemical, and 
pharmacological description. There are also supplementary sections on  
mineral- and animal-derived drugs, a collection of Chinese prescriptions, 
and a table of toxic herbs. 


This book is a good compilation of the medicinal plants of China, done 
mainly through translation of Chinese works, some as old as the 6th 
century. The botanical description seems quite complete, while the 
chemical and pharmacodynamic sections appear too outdated and su- 
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perficial for the pharmaceutical scientist. However, this book should be 
of interest to the lay reader or scientist specifically interested in Chinese 
herbs and herbal medicine. 


pear; and lists national compendia1 names that differ from the INN. The 
Chemical Abstracts Service (CAS) registry number and molecular for- 
mula are also given. The book includes all INN published in the WHO 
Chronicle through March 1976. In addition, there is an appendix of na- 
tional names that differ from INN, a molecular formula index, and a CAS 
registry number index. All of the text appears in both English and 
French. 


Reviewed by David J. Slatkin 
llniuersity of Pittsburgh 
School of Pharmacy 
Pittsburgh, PA 15261 


Staff review 


Advances in Modern Toxicology, Vol. 1, Part 1: New Concepts in 
Safety Evaluation. Edited by MYRON A. MEHLMAN, RAYMOND 
E. SHAPIRO, and HERBERT BLUMENTHAL. Halsted, 605 Third 
Ave., New York, NY 10016,1976.455 pp. 16 X 25 cm. 
Today there is increased governmental and industrial concern re- 


garding the toxicity of chemicals, with emphasis on development of test 
procedures designed to reveal adverse effects before a particular sub- 
stance becomes available for direct or indirect human ingestion. A text 
such as this one can assist scientists in fulfilling this objective. 


Three of the 13 chapters focus on teratogenicity. Chapter 6, Current 
Methodology in Teratology Research, provides useful information re- 
garding selection of the animal model and time of administration. 
Chapter 12, Distribution, Metaholism and Perinatal Toxicity of Pesti- 
cides with References to Food Safety Evaluation: A Review of Selected 
Literature, is a compilation of previously reported data on various pes- 
ticides, eg., DDT, aldrin, and dieldrin. Chapter 13, Transplacental 
Toxicity of Diethylstilbestrol: A Special Problem in Safety Evaluation, 
includes detailed descriptions of the pharmacology and toxicology of 
diethylstilbestrol in both animals and humans. 


Two interesting sections devoted to methodology are Chapter 3, Po- 
tential Contribution of Inbred Syrian Hamsters to Future Toxicology, 
and Chapter 9, Radioautographic Methods for Physiologic Disposition 
and Toxicology Studies. 


Chapter 8 is especially timely since it describes fundamental phar- 
macokinetic principles and their application to toxicological investiga- 
tions. 


Nonlethal Parameters as Indices of Acute Toxicity: Inadequacy of the 
Acute LD50 is the title of Chapter 7, which stresses the need to look be- 
yond the LD5i)value itself, e.g., careful observation of all animals in the 
postadministration period, and pathological examination of survivors 
to detect latent toxicity. 


Portions of the book suffer from inadequate editorial supervision. 
Numerous tables (e.g., Chapter 4, Table 13, and associated Appendix; 
and Chapter 1 1 ,  Tables 1 and 20) contain facts that are not organized on 
any basis. Individual chemicals could have been listed alphabetically 
within each table but instead appear in semirandom fashion. I t  is un- 
fortunate that these defects, which could have easily been corrected, were 
overlooked. 


On the positive side, background data are accompanied by extensive 
reference sections, and potential sources of error in development and 
interpretation of toxicity studies are emphasized. This text is a good 
comprehensive source of information for those conducting toxicological 
research. 


Reuiewed by Frederick J. Goldstein 
Philadelphia College of Pharmacy and 


Philadelphia. PA 19104 
Science 


International Nonproprietary Names (INN) for  Pharmaceutical  
Substances. Cumulative List No. 4. World Health Organization, 
Health and Biomedical Information Programme, 1211 Geneva 27, 
Switzerland, 1976.314 pp. 17.5 X 24 cm. Price $19.20. 
This book is a computer printout of international nonproprietary 


names (INN) of pharmaceutical substances in alphabetical order of the 
Lat.in names. Each entry includes the I N N  in English, French, Russian, 
and Spanish; indicates the national compendia in which the names ap- 


Molecular Connectivity in Chemistry and  Drug Research. By 
LEMONT B. KIER and LOWELL H. HALL. Academic, 111 Fifth 
Ave., New York, NY 10003, 1976.257 pp. 15 X 24 cm. Price $27.00. 
This book represents the results of recent research into the utility of 


the connectivity index as a parameter for correlating physical, chemical, 
and biological properties. The 10 chapters in the book may be divided 
into roughly three sections. 


The first section contains Chapters 1-3 on Structure and Properties, 
Elements of Graph Theory and Topological Indices, and Molecular 
Connectivity, respectively. These provide a general introduction to their 
topics. Both Chapters 2 and 3 may appear to be more abstract and formal 
than necessary on first reading. However, the equations and algorithms 
provided for the calculation of the various connectivity indices are very 
general. Computational facility may be gained through working the many 
examples provided in the numerous tables and in Appendix A. 


The second part of the book, Chapter 4 on Molecular Properties and 
Chapter 5 on Molar (Bulk) Properties and Molecular Connectivity, 
provide examples of the correlation between the various connectivity 
indices and such properties as heat of formation and atomization, molar 
polarizibility, diamagnetic susceptibility, heat of vaporization, boiling 
point, aqueous solubility, and partition coefficient. In general, for each 
physical property the discussion is organized and correlations are pre- 
sented by functional group. 


The third part of the book focuses on biological activity correlations. 
Chapter 6 considers nonspecific biological activity (anesthetic and nar- 
cotic activity), while Chapter 7 considers more specific responses such 
as enzyme inhibition and microbial inhibition. Chapter 8 considers the 
use of multiple chi (connectivity) and chi-squared terms in correlating 
biological activities, while Chapter 9 considers the use of chi terms plus 
other physical property terms, primarily the Hammett sigma values, in 
correlation analyses. Finally, Chapter 10 concludes the book with re- 
flections on the nature and future of connectivity. In this chapter, the 
authors ask such questions as: “Is the particular choice of chi important?” 
and “How is one to interpret the chi terms?”, note problem areas such 
as cis-trans- isomerism, conformation, and high structural complexity, 
and suggest some possible future uses of chi. 


While much of the content is available in the literature, the book pulls 
everything together, plus offers more of an introduction to graph theory 
and the development of the various connectivity indices. As the authors 
clearly state, much remains to be investigated. In the reviewer’s opinion, 
it is too early to assess the value of molecular connectivity relative to other 
parameters. However, the index is no more difficult to compute than 
other commonly employed parameters, and the technique is easily gen- 
eralized to the computation of number of indices. The method certainly 
merits the attention of researchers in structure-activity work as another 
(more fundamental?) parameter to aid in drug design. Although the book 
is more introductory and preliminary than one might like (it represents, 
for the most part, the results of investigations by one research group over 
the past 2-3 years), it can be recommended, particularly to investigators 
interested in structure-activity methodology, as a new and potentially 
useful technique. 


Finally, some simple calculations reveal a cost of over 10 cents per page. 
This seems particularly steep since approximately one-third of the text 
is occupied by tables. 


Reviewed by Gordon L. Amidon 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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polar environment and whether internal hydrogen bonding is stabilized 
or whether hydrogen bonding to a solvent or to other biochemical entities 
has occurred. Hydroxyurea appears to possess the same type of carbonyl 
nitrogen character before and after equilibration with water. Therefore, 
no conformational preference may exist in hydroxyurea in solutions where 
conformational preference may be conferred to substituted hydroxyureas 
by their bulk or steric hindrance or to some electronic stabilization factor. 
The crystal structure of hydroxyurea indicates that  intermolecular hy- 
drogen bonding exists between the hydroxyl group of one molecule and 
the carbonyl oxygen of another molecule rather than intramolecular 
hydrogen bonding (13), and internal hydrogen bonding may not be pre- 
ferred in solution. 


The in uitro inhibition of ribonucleotide reductase by selected hy- 
droxyureas (Table 11) relative to hydroxyurea seems to indicate a solvent 
dependency. Although the enzyme system is quite complex and its ac- 
tivity is dependent on many variables (14), its inhibition by hydroxyureas 
followed a general trend, except for the 3-n-propyl analog (V) in the first 
determination. The solvent for hydroxyurea and the 1-analogs (I1 and 
111) was wa r for all determinations, and water was used for V in the first 


was 1% dimethyl sulfoxide. 
The inhibitory concentration required to obtain 50% enzyme activity 


with V was much higher in the first determination than in the other de- 
terminations (2-4 in Table II),  and this result was due to some error in 
the enzyme determination or to the different solvent. T o  verify which 
factor was the determinant in the inhibition study, another analysis was 
performed (5 in Table 11) in which water was the solvent for all com- 
pounds. Again the concentration required for 50% enzyme inhibition for 
V was appreciably higher than in determinations where dimethyl sulf- 
oxide was the solvent. This result implicates the solvent as a potential 
variable in the ability of hydroxyureas to function in the in uitro inhibi- 
tion of ribonucleoside diphosphate reductase, and this property should 
be considered in the elucidation of the biodynamics of drugs in the hy- 
droxyurea class. 


Although it is not possible to determine whether the solvent-dependent 
conformational system observed in substituted hydroxyureas is the actual 
cause of the poor inhibition of the enzyme, with V the conformation and 
solvent have an interdependence that may affect the biological action 
of the drug. The transport and partitioning properties of hydroxyureas 
in octanol-water are currently being investigated to determine whether 
predicted and actual partition coefficients support the solvent-dependent 
conformation and the importance of this property in drug transport in 
uiuo. 


determina it” .ion. The solvent for all other determinations for V and VII 
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A’O T E S  


Improved Recovery of Morphine from 
Biological Tissues Using Siliconized Glassware 


HEMENDRA N. BHARGAVA 


Abstract 0 The adsorption of morphine onto glassware during analysis 
in aqueous solutions and biological tissues is a common problem, resulting 
in lower recoveries than expected. The problem can be remedied by sil- 
iconization of all glassware involved. The same glassware cannot be used 
repeatedly without incurring a significant loss of morphine. 


Several methods including fluorometric (1, 2), flame- 
ionization (3) and electron-capture (4) GLC, and ra- 
dioimmunoassay (5) have been used to measure morphine 


Keyphrases Morphine-adsorption onto glassware during fluoro- 
metric analysis, effect of siliconization Adsorption-morphine onto 
glassware during fluorometric analysis, effect of siliconization Sili- 
conization-of glassware, effect on adsorption of morphine during fluo- 
rometric analysis 0 Narcotic analgesics-morphine, adsorption onto 
glassware during fluorometric analysis, effect of siliconization 


levels in biological tissues. The fluorometric procedure is 
still the most widely used method because of its simplicity 
and rapidity. 
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A major problem in the extraction of morphine from 
aqueous solutions and biological tissues has been adsorp- 
tion of the drug onto detergent-cleaned glassware. Wilk- 
inson and Way (3) were unsuccessful in circumventing this 
problem since they siliconized only the centrifuge tubes. 
The present paper reports that siliconization of all glass- 
ware that comes in contact with aqueous solutions of 
morphine reduces the loss of morphine by adsorption and 
thus significantly increases its recovery from aqueous so- 
lutions and from biological tissues. 


EXPERIMENTAL 


Chemicals-1-Butanoll, chloroform2, sodium bicarbonate3, mono- 
basic sodium phosphate3, dibasic sodium phosphate3, potassium ferri- 
cyanide?, and potassium ferrocyanide3 were the highest quality com- 
mercially available. 


Siliconization of Glassware-The glassware was siliconized by using 
a water-soluble silicone concentrate4 and was dried at  100' for 10 min 
according to the directions on the container. 


Procedures-Recovery of Morphine from Rat Brain-The procedure 
of Kupferberg e t  al. (21, slightly modified, was used. Individual rat brain 
samples.were homogenized5 for 30 sec with 1.5 ml of isotonic salinein a 
50-ml polyethylene tube. The shaft of the homogenizer was then washed 
with 0.5 ml of saline into the centrifuge tube. Different amounts 
(0.125-0.5 pg) of morphine sulfate contained in equal volumes (50 pl) were 
added to the homogenate. Each concentration was run in duplicate. 


Sodium bicarbonate (0.5 g) and 10% 1-butanol in chloroform (10 ml) 
were added to the homogenate. The mixture was shaken on a mechanical 
shaker for 10 min at 200 oscillations/min and then centrifuged at  
28,OOOXg for 30 min at  4". The aqueous layer was aspirated, and the 
matted tissue was removed with a spatula. A 7-ml aliquot of the organic 
phase (butanol-chloroform) was transferred to a 15-ml glass-stoppered 
centrifuge tube containing 1.2 ml of 0.01 M hydrochloric acid; the tube 
was gently inverted 30 times and then centrifuged for 10 min at 2000 rpm 
at  4'. 


One milliliter of the acid phase was removed and added to 1 ml of 
phosphate buffer (pH 8.5), and this mixture was oxidized with 0.1 ml of 
potassium ferricyanide-ferrocyanide reagent (2). The fluorescence of 
the solution was measured at  440 nm after excitation at  250 nm on a 
spectrophotofluorometer6. 


Recovery of Morphine from Aqueous Solution-The assay procedure 
used for the brain tissue was also used to determine recovery of morphine 
sulfate (0.125-0.5 pg) from aqueous solutions. 


RESULTS AND DISCUSSION 


A linear relationship existed between the amount (0.125-0.5 pg in the 
original sample) of morphine sulfate used and the relative fluorescence 
intensity. A similar relationship existed after morphine was extracted 
from aqueous solutions or rat brain homogenates to which morphine 
sulfate had been added. When all glassware was siliconized, the average 
recoveries of morphine from the water standards and brain tissues, ex- 
cluding aliquot losses, were 52.6 f 1.9 ( n  = 5) and 46.5 i 2.0% ( S E )  ( n  
= 4), respectively (Table I). Similarly, the recoveries of morphine, in- 
cluding aliquot losses, were 90.0 and 79.4%, respectively. When none of 
the glassware was siliconized, the recovery from the rat brain, including 
aliquot losses, was only 26.3%. 


The major loss of morphine occurred when the volumetric flasks used 
to prepare stock solutions and dilutions of morphine were not siliconized. 


Merck and Co., Rahway, N.J. 


Fisher Scientific Co., Fair Lawn, N.J. 
Siliclad, Clay Adams, Division of Becton, Dickinson and Co., Parsippany, 


Polytron homogenizer, Brinkmann Instruments. 
Model 82026, American Instrument Co. 


* Mallinckrodt Chemical Co., St. Louis, Mo. 


N.J. 


Table I-Effect of Siliconization on Recovery of Morphine" 


Number Recovery 
of ~i~~~ Fluorescence Intensity R~~~~~~~ 


Glassware for 0.5 pg Of Morphine from Water, Rat Brain, 
WasUsed Absolute % % % 


from 


1 140 100.0 47.0 39.5 
2 125 89.2 47.3 38.6 
3 110 78.4 46.2 36.5 
4 82 58.4 46.9 32.9 
Ob 225 - 52.6 46.5 


a All glassware was siliconized except for the volumetric flasks used for making 
stock solutions of morphine. * Represents values when all glassware was silicon- 
ized. 


The absolute fluorescence units for 0.5 pg of morphine fell from 225 to 
140, a decrease of 38% (Table I). 


Repeated use of glassware also decreased the absolute fluorescence 
intensity of morphine. The silicone coating is probably lost during the 
cleaning procedure, resulting in a loss of morphine due to its adsorption 
to the glass. Table I shows the fluorescence intensities for morphine re- 
covered from aqueous solutions and from brain homogenates when 
glassware was used four consecutive times after siliconization. The 
glassware was cleaned with laboratory detergents and deionized water 
prior to each experimental run. 


The recovery of morphine from the water standard or aqueous solution 
was not affected significantly by repeated use of glassware, but it was 
lower than when all glassware was siliconized before use. The recovery 
of morphine from rat brain samples decreased with each successive use 
of the glassware. Thus, both the absolute recovery and the extraction 
recovery were reduced when all glassware was not siliconized. This result 
could be seen by the decrease in the slope of the calibration curves (Table 
I). A net loss of 10, 20, and 40% of morphine was observed during the 
second, third, and fourth use, respectively, of the same glassware. No loss 
of morphine was observed when nonsiliconized pipets were used to 
transfer butanol-chloroform extract containing morphine, indicating 
that adsorption losses occurred only when morphine was present in the 
aqueous solution. 


In conclusion, the present study shows that significant loss of morphine 
onto glassware can occur. This adsorption loss can be minimized by sili- 
conization of all glassware that comes in contact with aqueous solutions 
of morphine. Since the slope of the calibration curve declines with suc- 
cessive use of the glassware, the sensitivity of the method decreases. 
Therefore, to minimize adsorption losses, all glassware should be sili- 
conized each time morphine is to be analyzed in aqueous solutions and 
tissue samples. 
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OPEN FORUM 


GI Intolerance and Nitrofuran toin 


Nitrofurantoin, 1-[(5-nitrofurfurylidene)amino] hydantoin, is an 
important agent in the arsenal of antibacterials used to fight urinary 
tract infections. Despite proven efficacy, the use of nitrofurantoin has 
been frequently associated with nausea and vomiting’. These effects 
have limited the use of the drug in some patients, thus denying them 
its therapeutic potential. 


In a recent issue of this Journal, Parrott and Matheson2 reported 
that nitrofurantoin can be absorbed when administered rectally in 
certain suppository formulations. Although absorption was poor, 
bacteriostatic concentrations (>1:100,000) were achieved in the urine 
and maintained for up to 4 hr  after a 400-mg dose. The authors 
concluded that: “Persons who exhibit nausea and emesis after oral 
administration of nitrofurantoin possibly could receive nitrofurantoin 
therapy by the rectal route.” This conclusion may not be justified. 


Rectal administration itself will not always alleviate the problem of 
nausea associated with certain oral medications. If a drug is directly 
irritating to the GI mucosa, this approach is likely to succeed. 
However, if the nausea and emetic response caused by a drug are 
mediated predominantly through an effect on the central nervous 
system, then these side effects will not necessarily be avoided by using 
the rectal route. 


Nitrofurantoin serves as an example of a drug that produces nausea 
and vomiting, at least in part, uia a central mechanism. Support for 
this contention comes from data showing a relationship between blood 
levels of the drug and these side effects3. Decreased urinary excretion 
levels are also associated with the decreased incidence of nausea4. 
Furthermore, parenteral administration as an intravenous5 or 
intramuscular68 injection also produces nausea and vomiting. 


Some success in reducing the frequency of these side effects has 
been achieved by decreasing the rate of nitrofurantoin absorption. 
Large crystals, in contrast to microcrystals, of the drug produce more 
gradual absorption and yet allow the achievement of therapeutic 
amounts in the urine3. This may be the reason macrocrystals of 
nitrofurantoin tend to produce less GI upset. Food, by delaying 
absorptions, similarly seems to improve GI tolerance. 


In the study by Parrott and Matheson*, an oral dose (400 mg) of 
nitrofurantoin (fine, 320-325 mesh) produced gastric upset in four of 
their original eight subjects. The authors did not report whether 
nausea was produced in subjects who received the same dose rectally. 
The absence of nausea, if this were the case, could be the result of the 
relatively poor rectal absorption observed. 


For nitrofurantoin, a reduced rate of bioavailability may uniquely 
diminish its side effects. These findings2 should provide a stimulus for 
further pharmacokinetic and biopharmaceutical studies to improve 
therapeutics with drugs that may behave like nitrofurantoin. 
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Cancer Cell Aggregates: 
Temperature Elevation 


Currently, there is controversy regarding the relationship of the 
quantity of blood present in cancerous tissue (i.e., continuous 
uncontrolled growth in cell aggregates) to the temperature of such 
tissue. One group maintains that malignancies are characterized by 
high temperature because relatively large quantities of blood are 
present in the lesion. The opposing argument holds that elevated 
temperatures are present in cancerous tissue because the tissue 
contains a relatively lesser amount of blood. Proponents of this view 
believe that the lesser quantity of blood has a reduced coolant effect. 


We wish to make the following contribution to the discussion. It is 
a basic fact that  blood arrives at any given tumor site at roughly 37’. 
The temperature of the tumor is higher, approximately 38’. As is 
known, temperature is an intensive factor. Therefore, regardless of the 
amount of blood arriving a t  the lesion, heat can only flow from the 
higher temperature of the malignancy to the lower temperature of the 
blood. Given this fact, a greater quantity of blood might provide an 
increased coolant effect; it cannot be a source of temperature increase. 
Even if it may be assumed that there is an increased flow of blood to 
the tumor, in all cases the overall system still involves blood entering 
and leaving cancerous tissue a t  a temperature lower than that of the 
tumor. Thus, blood must act as a coolant. 


T o  explain the temperature of any system, the rate of heat 
dissipation must be considered as well as heat input. One principal 
factor influencing the dissipation rate is the nature of the matrix 
through which heat conduction occurs. Aggregates of normal cells, i e . ,  
flocculated aggregates, contain an open network in which trapped 
bulk water acts as the coolant. Bulk water as it exists, for example, in 
blood plasma has excellent cooling properties. Ecanow and co- 
w o r k e r ~ ~ - ~  proposed that cancer cells are aggregated in a structured 
matrix, i.e., a coagulated system. In such systems, heat derived from 
metabolism is conserved because it is lost by conduction at a slower 
rate than the rate of loss through normal cell aggregates. Thus, 
because heat is conserved in malignant tissue, its temperature 
compared to normal surrounding tissue is elevated. 


normal tissue because: (a)  there is more continuous metabolic heat 
production, ( b )  the structured intercellular coagulated matrix 
conserves heat, and ( c )  malignant tissue simply does not have 
sufficient blood circulating through it to be cooled to normal 
temperature. 


The conclusion to be drawn is that malignant tissue is warmer than 
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Surface Tension Lowering and Dissolution Rate of 
Hydrocortisone from Solid Solutions of Selected 
n-Acyl Esters of Cholesterol 


KWON HO KIM and CHARLES I. JAROWSKIX 


Abstract The dissolution of hydrocortisone into simulated intestinal 
fluid from lipid delivery systems followed second-order kinetics. As the 
ratio of hydrocortisone to lipid was increased from 1:l to 1:6, the disso- 
lution rate decreased. Solvent deposition of solid solutions of hydrocor- 
tisone and lipid on lactose resulted in the enhancement of the dissolution 
rate. For the 1:1 hydrocortisone-lipid solid solutions, the rank order of 
the dissolution rate was hydrocortisone-cholesteryl stearate, hydrocor- 
tisone, hydrocortisone-cholesterol, hydrocortisone-cholesteryl acetate, 
hydrocortisone-cholesteryl palmitate, hydrocortisone-cholesteryl n-  
butyrate, hydrocortisone-cholesteryl laurate, and hydrocortisone-cho- 
lesteryl n-decylate. A direct correlation was found between the dissolution 
rate of hydrocortisone and the surface tension lowering of simulated in- 
testinal fluid by the corticoid and various lipids. 


Keyphrases Hydrocortisone-dissolution into simulated intestinal 
fluid from solid solutions with cholesterol or various esters, effect on 
surface tension Cholesterol and various esters-solid solutions with 
hydrocortisone, dissolution into simulated intestinal fluid, effect on 
surface tension Dissolution-hydrocortisone into simulated intestinal 
fluid from solid solutions with cholesterol or various esters 0 Surface 
tension-simulated intestinal fluid, effect of solid solutions of hydro- 
cortisone and cholesterol or various esters 0 Solid solutions-hydro- 
cortisone and cholesterol or various esters, dissolution into simulated 
intestinal fluid, effect on surface tension Glucocorticoids-hydrocor- 
tisone, dissolution into simulated intestinal fluid from solid solutions of 
cholesterol or various esters, effect on surface tension 0 Lipids-cho- 
lesterol and various esters, solid solutions with hydrocortisone, dissolution 
into simulated intestinal fluid, effect on surface tension 


The utility of lipid drug delivery systems has been amply 
demonstrated. Griseofulvin bioavailability was improved 
when micronized particles were administered in a corn 
oil-in-water emulsion (1). Oral progesterone administra- 
tion gave higher blood levels when the hormone was sol- 
vent deposited on lactose as a solid solution with choles- 
terol or its acetate ester (2). Significant improvement in 
the in U ~ ~ F O  stability of the potassium salts of penicillins 
G and V was achieved when they were coated with cho- 
lesterol, its acetate ester, or P-sitosterol (3). The oral ad- 
ministration of such coated penicillins, as well as eryth- 
romycin lactobionate, resulted in an increase in the urinary 
recovery of antibiotic activity (3). The urinary excretion 
of unchanged salicylate was increased when salicylic acid 
was given as a solid solution in cholesteryl n-decylate 
(4). 


The purpose of this investigation was to study the in 
uitro dissolution rate of hydrocortisone (I) from solid so- 
lutions containing cholesterol (11) or one of the following 
cholesteryl esters: acetate (III), n-butyrate (IV), n-decylate 
(V), laurate (VI), palmitate (VII), and stearate (VIII). In 
addition, the hydrocortisone dissolution rate was deter- 
mined after solvent deposition of such solid solutions on 
powdered lactose (IX). The surface tension-lowering effect 
of selected candidates was measured to ascertain if a direct 
correlation with the dissolution rate could be made. An 
additional objective was to treat the accumulated data 
mathematically to determine the kinetic order followed 
by hydrocortisone dissolution from such solid solutions. 


EXPERIMENTAL 


Materials-The following were obtained from commercial sources: 
hydrocortisone', cholesterol2, cholesteryl acetate2, cholesteryl butyrate2, 
cholesteryl n-decylatez, cholesteryl laurate2, , cholesteryl palmitate2, 
cholesteryl stearate2, lactose powder USP3, methanol4, absolute chlo- 
roform NF3, sodium hydroxide4 (ACS), and monobasic sodium phos- 
phate5 (laboratory grade). 


Equipment-The following equipment was used: a capillary melt- 
ing-point apparatus6, a constant-temperature shaker bath7, a tensiom- 
eter*, a pH meters, a dissolution basket stirrerlo, and a spectrophotom- 
eterl'. 


Hydrocortisone-Lipid Solutions with and without Lactose- 
Powdered hydrocortisone and the various lipids were weighed in ratios 
of l:l, 1:3, and 1:6. The mixture of hydrocortisone and lipid was dissolved 
in a minimal quantity of 50% (v/v) chloroform in methanol. The solutions 
were stirred with a magnetic stirrer. and the solvent was evaporated in 
a stream of air. The residues were completely dried in an oven set a t  40' 
and then ground in a mortar and passed through an 80-mesh screen. After 
blending to ensure homogeneity, duplicate aliquots were assayed. Only 
samples containing 100 f 5% of the theoretical quantity of hydrocortisone 
were used in the dissolution studies. Assays outside the 5% limits were 
rare. 


Solvent deposition of the various hydrocortisone-lipid combinations 
on lactose was conducted similarly. Weight ratios of hydrocortisone-- 
lipid-lactose of 1:1:6,1:36, and 1:6:6 were prepared. Again, assays outside 
the 5% limits were rare. 


Dissolution Studies-The hydrocortisone dissolution rate in simu- 
lated intestinal fluid USP, without pancreatin, was determined by the 
Short et al. (5) beaker method. Simulated intestinal fluid, 200 ml, was 
placed in a 300-ml beaker and maintained at  37 f 0.5' in a constant- 
temperature water bath. The dissolution medium was stirred with the 
basket recommended for the USP dissolution test. The stirrer was ver- 
tically centered and lowered to a depth of 1 cm above the bottom of the 
beaker. The stirrer was attached to  a synchronous motor set to rotate a t  
150 rpm. 


Accurately weighed samples, equivalent to 60 mg of pure drug, were 
spread over the surface of the dissolution medium. Any aggregates that 
formed a t  this stage were lightly broken up with a microspatula within 
10 sec after sample addition. Subsequently, the surface was not disturbed 
except when 10-ml aliquots were withdrawn at 15,30,45,60,90,120, and 
150 min. The samples were withdrawn through a sintered-glass filter of 
medium porosity and filtered again through a membrane filter12 (0.45 
Nm). Dissolution medium, 10 ml, was replaced immediately after removal 
of the aliquot. 


The filtrate was diluted to an appropriate concentration in a volumetric 
flask, and the absorbance was measured a t  250 nm. A cumulative cor- 
rection was made for the previously removed samples in determining the 
total quantity of hydrocortisone dissolved (6). The data are summarized 
in Table I, and selected combinations are shown in Fig. 1. Each data point 
represents the average of a t  least two determinations. There was no in- 
terference from the various lipids or lactose on the hydrocortisone assay 
by the spectrophotometric procedure. 


- 


Pfizer & Co., New York, N.Y. 
K and K Laboratories, Plainview, N.Y. 
Matheson, Coleman and Bell, Norwood, Ohio. 
J.T. Baker Chemical Co., Phillipshurg, N.J. 
Fisher Scientific Co., Fair Lawn, N.J. 
Thomas-Hoover, Arthur H. Thomas Co., Chicago, Ill. 
Model WBR, New Brunswick Scientific Co., New Brunswick, N.J. 
Du Nouy, Central Scientific Co., Chicago, 111. 
Zeromatic, Beckman Instruments Co., Fullerton, Calif. 
Model 53, Hanson Research Corp., Northridge, Calif. 
Coleman Hitachi-124 double-beam model, Coleman Instruments Co., May- 


wood, Ill. 
l2 Millipore Corp., Bedford, Mass. 
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Table I-Dissolution Rate of Hydrocortisone in Simulated 
Intestinal Fluid from Hydrocortisone-Lipid and 
Hydrocortisone-Lipid-Lactose Combinations 


Hydrocortisone Dissolved, % 


15 30 45 60 90 120 150 
Sample Ratio min min min min min min min 


I 
1-11 


1-111 


I-IV 


I -v  


I-VI 


I-VII 


I-VIII 


I-IX 
I-11-IX 


I-111-IX 


I-IV-IX 


I-v-IX 


I-VI-IX 


I-VII-IX 


I-VIII-IX 


- 35.0 
1:l 20.8 
1:3 10.2 
1:6 9.3 
1:l 15.1 
1:3 8.2 
1:6 3.2 
1:l 11.8 
1:3 4.2 
1:6 0.8 
1:l 5.8 
1:3 2.4 
1:6 0.6 
1:l 6.0 
1:3 3.0 
1:6 2.0 


51.8 65.1 
35.2 48.1 


73.1 78.3 82.6 
58.3 66.5 73.1 


16.6 22.7 31.6 40.8 51.6 
14.9 20.2 25.9 34.1 41.0 
22.0 26.4 28.6 29.8 30.9 
12.9 15.7 19.9 22.7 25.8 
3.6 4.0 


15.6 18.5 
5.4 5.8 
1.0 1.1 
8.7 10.9 
3.6 3.8 
0.8 0.8 
9.5 12.6 
4.2 5.0 
2.3 2.4 


1:l 12.1 15.9 18.8 
1:3 4.8 7.7 9.1 
1:6 2.0 2.3 2.5 
1:l 78.3 88.8 90.8 


55.0 62.3 1:3 49.7 
1:6 29.2 
1:6 63.8 


44.1 50.5 
79.1 86.6 


i:i:6 95.5 96.4 91.7 
1:3:6 72.2 91.7 95.6 
1:6:6 64.8 81.8 86.0 
1:1:6 24.8 36.2 44.3 
1:3:6 16.8 23.2 28.5 
1:66 9.8 11.3 13.8 
1:1:6 11.7 16.2 19.0 
1:3:6 7.0 
1:6:6 3.2 
1:1:6 9.1 
1:3:6 4.7 
1:66 3.1 
1:1:6 14.6 
1:3:6 19.0 
1:66 3.2 
1:1:6 16.1 
1:3:6 19.0 
1:6:6 5.0 
1:1:6 85.2 


7.9 8.3 
5.4 6.5 


12.9 14.0 
6.3 7.2 
4.0 4.5 


19.8 22.3 
22.5 23.2 


94.9 97.5 


4.4 5.6 6.2 
20.6 22.3 23.8 
6.2 6.8 7.8 
1.3 1.5 1.7 


12.1 13.0 13.8 
4.2 4.5 4.8 
0.9 1.0 1.2 


14.5 16.6 17.8 
5.8 6.9 7.7 
2.6 3.2 3.7 


20.9 22.5 24.6 
10.0 11.7 13.1 
2.6 3.2 3.7 


92.3 93.3 93.6 
69.8 75.4 82.9 
55.1 58.4 61.8 
88.0 92.8 94.0 
99.0 99.0 99.0 
97.7 98.3 98.8 
90.7 92.7 94.1 
49.8 54.1 60.4 
32.8 36.5 41.4 
16.2 19.5 22.9 
21.3 23.1 25.1 
8.7 9.4 9.9 
7.4 8.9 9.9 


16.4 17.1 17.8 
8.1 9.0 9.8 
5.2 6.2 7.1 


24.6 26.1 27.1 
24.5 25.9 26.9 
6.2 7.6 9.1 5.2 6.0 


21.1 25.2 28.4 30.2 3i.8 
21.6 22.7 23.3 25.9 28.2 
8.3 9.1 9.9 11.9 13.5 


99.0 99.0 99.0 


86.1 
80.0 
63.0 
48.0 
31.5 
28.0 
6.8 


25.5 
8.2 
1.9 


14.6 
5.1 
1.4 


19.4 
8.3 
4.3 


26.8 
14.3 
4.3 


93.8 
88.2 
64.1 
95.8 
99.0 
99.0 
94.8 
63.9 
45.3 
27.1 
26.9 
10.3 
10.1 
18.5 
10.6 
7.7 


28.2 
28.3 
9.3 


33.7 
30.9 
14.7 
99.0 


1:3:6 79.5 89.9 92.3 93.5 94.6 95.5 96.3 
1:6:6 57.0 63.3 66.2 68.9 71.1 73.2 74.5 


The addition of the equivalent of 60 mg of hydrocortisone to 200 ml 
of simulated intestinal fluid ensured that the dissolution test was being 
conducted under sink conditions. Hydrocortisone solubility in simulated 
intestinal fluid at  37" was 861 pglml. Consequently, approximately 172 
mg of hydrocortisone would be required to saturate 200 ml of this me- 
dium. Furthermore, saturated solutions of the various lipids in simulated 


60 
U 
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Figure %--Surface tension versus hydrocortisone concentration in 
simulated intestinal fluid at  30'. Surface tension = -0.0263C + 
73.72. 


intestinal fluid exerted an insignificant effect on hydrocortisone solu- 
bility. 


Spectrophotometric Absorption, Calibration Curves, and Assay 
Procedures for Hydrocortisone-A plot of absorbance uersus wave- 
length for the hydrocortisone solution in simulated intestinal fluid, 
without enzymes (20 pg/ml), showed a maximum value at 250 nm. At this 
wavelength, a linear relationship was found between absorbance and 
concentration (range of 1-20 pglml). A plot of absorbance uersus wave- 
length for hydrocortisone in 50% (vlv) chloroform in methanol showed 
a maximum at 245 nm. At this wavelength, a linear relationship was found 
between absorbance and concentration (range of 1-20 pglml). The slopes 
for the Beer's plot of the organic and aqueous solutions of hydrocortisone 
were identical, 4.31 X lo-* absorbance unitlmllpg. 


Hydrocortisone stability in simulated intestinal fluid at 37" during the 
2-hr dissolution study was satisfactory. Even after 48 hr at 37O, only a 
0.54% drop in potency occurred. The calibration curve for hydrocortisone 
in 50% (vlv) chloroform in methanol was of value in the assay of hydro- 
cortisone-lipid and hydrocortisone-lipid-lactose preparations. Thus, 
an accurately weighed sample was treated with sufficient solvent to 
dissolve the lipid and the hydrocortisone. Undissolved lactose, in the 
latter case, was filtered off by passage of the suspension through a 0.45-pm 
membrane filter. After appropriate dilution with additional solvent, the 
absorbance of the solution was determined. The pure solvent combination 
was used as the blank. 


Measurement of Surface Tension of Hydrocortisone and Hy- 
drocortisone-Lipid Solutions in Simulated Intestinal Fluid-The 
surface tension of various concentrations of hydrocortisone in simulated 
intestinal fluid, without pancreatin, was measured with a tensiometer 
a t  30' using a 4-cm platinum-iridium ring. Correction factors were de- 
termined by graphical extrapolation of the values published by Harkins 
and Jordan (7). The densities of the various solutions were measured with 
a 10-ml pycnometer. The density values were required in the calculation 
of the correction factor. The results are summarized in Tahle I1 and Fig. 
2. 


The effect of selected lipids on the surface tension lowering of simu- 
lated intestinal fluid was then determined. The powdered hydrocorti- 
sone-lipid solid solutions (120 mg) were stirred at  150 rpm in 200 ml of 
simulated intestinal fluid at 37" for 60 min. The suspensions were filtered 
through a 0.45-fim filter, and the hydrocortisone concentrations of the 
filtrates were determined spectrophotometrically. The density of each 
filtrate was measured for computation of the correction factors (Table 
111). 


30 :iE! ~ >. ~ ~ 


20 
10 


'0 15 30 45 60 90 120 150 
MINUTES 


-\ x 3 
- T - F  


90 120 150 
MINUTES 


Figure 1-Dissolution rate of hydrocortisone from selected lipid com- 
binations, with and without lactose, in simulated intestinal fluid at  37". 
Key: A, hydrocortisone-cholesteryl stearate-lactose (1:2:6); B, hydro- 
cortisone-cholesteryl stearate (2:l); C, hydrocortisone-lactose (2:6); 
D, hydrocortisone; E, hydrocortisone-cholesteryl n-decylate-lactose 
(1:1:6); and F, hydrocortisone-cholesteryl n-decylate (2: l ) .  


MINUTES 


Figure 3-Dissolution rate of hydrocortisone from selected lipid com- 
binations, with and without lactose, in simulated intestinal fluid at 37" 
plotted in first-order fashion. Key: A, hydrocortisone-cholesteryl n- 
decylate (1:Z); B, hydrocortisone; C, hydrocortisone-lactose (1%); D, 
hydrocortisone-cholesteryl stearate (1:l); and E, hydrocortisone- 
choksteryl stearate-lactose (1:2:6). 
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Table 11-Effect of Hydrocortisone Concentration on the Surface Tension of Simulated Intestinal Fluid at 30" 


Sample 


Simulated intestinal fluid 
Simulated intestinal fluid plus 


Simulated intestinal fluid plus 
hydrocortisone 


hydrocortisone 
Simulated intestinal fluid plus 


hydrocortisone 


hvdrocortisone 
Simulated intestinal fluid plus 


Hydrocortisone 
Concentration, Dial 


rglml Readinga 


0.0 36.13 
13.7 36.07 


55.0 35.70 


137.0 34.70 


275.0 32.90 


Uncorrected 
Surface 


Tension , 
dyneslcm Density R3/Vb  


75.157 1.0346 0.437 
75.018 1.0346 0.438 


74.258 1.0347 0.442 


72.037 1.0348 0.455 


68.484 1.0349 0.479 


Corrected 
Surface 


Correction Tension, 
Factor dyneslcm 


0.981 73.72 
0.980 73.50 


0.979 72.69 


0.976 70.30 


0.970 66.42 


a Average of three readings. Dial scale is 16.64 dynes/dial division. * R is the radius of the ring measured from the center of the ring to the center of the wire. The volume 
of liquid raised above the free surface of the liquid is V .  


Table 111-Effect of Hydrocortisone plus Lipids on the Surface Tension of Simulated Intestinal Fluid at 30" 


Hydrocortisone Y2 - Y l e  
Concentration, Percent Dial Correction 7 2  


Sample" pg/ml Dissolved Readingb Factor ? I f  Yzd x loo,% 
Hydrocortisone plus cholesterol 208.0 69.3 31.9 0.966 64.15 68.25 6.00 
Hydrocortisone plus cholesteryl 80.0 26.6 34.3 0.973 69.41 71.61 3.07 


Hydrocortisone plus cholesteryl n- 26.0 8.6 34.9 0.976 70.84 73.03 2.99 


Hydrocortisone plus cholesteryl 218.0 72.6 31.5 0.965 63.22 67.98 7.00 


acetate 


decylate 


stearate 


a Hydrocortisone-lipid ratios were 1:l. b Average of three readings. Surface tension of the solution containing both hydrocortisone and lipid. Surface tension of 
the solution containing only hydrocortisone. Percent of surface tension lowering by the lipid. 


RESULTS AND DISCUSSION 


Several generalizations can be made about the data in Table I. As the 
ratio of lipid to drug was increased, the hydrocortisone dissolution rate 
decreased. The only exception to this generalization was hydrocorti- 
sone-cholesteryl laurate-lactose in the weight ratio of 1:3:6. Solvent 
deposition of the hydrocortisone-lipid solid solutions on lactose invari- 
ably resulted in more rapid dissolution. This enhancement of the disso- 
lution rate can be attributed to the increased surface attained by such 
molecular dispersions on lactose. 


An unexpected observation was the rapid dissolution of hydrocortisone 
from hydrocortisone-cholesteryl stearate (1:l). Within 15 min, 78.3% of 
the hydrocortisone had dissolved, whereas only 35% had dissolved when 
the pure drug was used. The hydrocortisone dissolution rate from a 1:3 
weight ratio of hydrocortisone-cholesteryl stearate was equivalent to that 
for the pure drug. Unexpectedly, the n-decylate ester of cholesterol was 
the most effective deterrent to the hydrocortisone dissolution. 


The rank order in hydrocortisone dissolution was as follows for the 1:l 
hydrocortisone-lipid solid solutions: hydrocortisone-cholesteryl stearate, 
hydrocortisone, hydrocortisone-cholesterol, hydrocortisone-cholesteryl 


Table IV-Dissolution Rate Data for Hydrocortisone-Lipid (1:l) 
and Hydrocortisone-Lipid-Lactose (1:1:6) Expressed as the 
Parameters of ADDarent First-Order Kinetics 


acetate, hydrocortisone-cholesteryl palmitate, hydrocortisone-cho- 
lesteryl n-butyrate, hydrocortisone-cholesteryl laurate, and, finally, 
hydrocortisone-cholesteryl n-decylate. The solvent deposition of solid 
solutions on the surface of lactose resulted in improved dissolution rates, 
whereas increases of 1:3 and 1:6 in drug-lipid ratios resulted in reduced 
dissolution rates. The superiority of the solid solutions containing the 
stearate ester of cholesterol was unexpected. It was anticipated that the 
rapid hydrocortisone release from such solid solutions might be explained 
by surface tension lowering. 


The data in Table 11 and Fig. 2 show that a linear relationship existed 
between hydrocortisone concentration in simulated intestinal juice and 
surface tension lowering. The data in Table III clearly show a direct re- 
lationship between the hydrocortisone release rate and surface tension 
lowering brought about by the lipid. Thus, hydrocortisone-cholesteryl 
stearate (1:l) released the drug most rapidly. The surface tension of a 
solution containing both cholesteryl stearate and the corticoid was 7% 
lower than a solution containing only the corticoid. With hydrocorti- 
sone-cholesteryl n-decylate ( l : l ) ,  the surface tension of the aqueous 


160 
150 
140 


o a 130 
-- 


tso', t9qct 
Sample x 10-4 min-1 x 10-4 din- '  min min 


K'", K" b 


I 
1-11 
1-111 
I-IV 
I-v 
I-VI 
I-VII 
I-VIII 
I-IX (1:6) 
I-11-IX 
I-111-IX 
I-IV-IX 
I-v-IX 


218.0 
145.7 
38.0 
23.3 
15.3 
21.0 
23.0 


598.0 
353.0 
884.0 
89.2 
23.9 
16.8 


73.0 
81.6 
4.6 
7.1 
3.2 
6.6 
8.6 


24.1 
116,O 


36.2 
8.2 
2.8 


- 


94.9 315.5 
84.9 282.0 


1506.0 5006.0 
970.0 3225.0 


6165.0 7196.0 
1050.0 3489.0 
806.0 2681.0 
287.5 955.5 
59.3 197.3 
7.8 26.0 


189.0 629.0 
843.0 2805.0 


2440.0 8109.0 
I-VI-IX 25.7 5.4 1271.0 4225.0 


8.5 817.0 2703.0 
d 9.0 30.0 I-VIII-IX 767.0 - 


i-vKrx 35.7 


The apparent first-order rate constant of the first segment of the line (up to 60 
The apparent first-order rate constant of the second segment 


Values derived from K". At the end of 60 
rnin). (See Fig. 3.) 
of the line (90-150 min). (See Fig. 3.) 
min, 99% of the drug had gone into solution. 


P 


0 15 30 45 60 90 120 150 
MINUTES 


Figure I-Dissolution rate of hydrocortisone from selected lipid com- 
binations, with and without lactose, in simulated intestinal fluid at 37" 
plotted in second-order fashion. Key: A, hydrocortisone-cholesteryl 
stearate (1;1); B,  hydrocortisone-cholesteryl stearate-lactose (2:1:6); 
C, hydrocortisone-lactose (1:6); D, hydrocortisone; E, hydrocortisone- 
cholesterol ( 1 : l ) ;  and F, hydrocortisone-cholesteryl n-decylate ( l :1) .  
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Table V-Dissolution Rate Data for Hydrocortisone-Lipid (1:l) 
and Hydrocortisone-Lipid-Lactose (1:1:6) Expressed as the 
Parameters of Apparent Second-Order Kinetics 


0.7 


0.6. 
0.5. 


0.4.  


0.3 


0.2 
0.1 


0. I 


F 
\ -0.1 
t -0.2 


1 -0.3 
-0.4 


-I -0.5 


-0.6 


-0.7 


-0.8 
-0.9 
-1.0 
-1.1 


C - 


K .  


' 


x 10-5 t59, 
Sample mg-1 min-' mm 


I 68.3 24.3 
1-11 44.3 37.6 
1-111 2.9 557.0 
I-IV 2.3 705.0 
I-v 1.2 1400.0 
I-VI 2.0 816.0 
I-VlI 2.6 645.0 ~~ 


i-viiI 128.6 12.9 
I-IX (1:6) 250.7 6.6 
I-11-IX 792.2 2.1 
I-111-IX 17.1 97.4 
I-IV-IX 2.6 640.0 
I-v-IX 1.3 1300.0 
I-VI-IX 2.3 715.0 
I-VII-IX 3.5 469.0 
I-VIII-IX 1296.9 1.3 


t9p, 
mln 


219.4 
338.0 


5010.0 
6350.0 


12600.0 
7350.0 
5180.0 
117.0 
57.8 
18.9 


877.0 
5760.0 


11700.0 
6430.0 
4220.0 


11.6 


Initial 
Dissolution 


Rate, 
mg/min 


2.46 
1.59 
0.107 
0.084 
0.042 
0.073 
0.092 
4.63 
9.02 


28.50 
0.61 
0.093 
0.046 
0.083 
0.127 


46.40 


solution was 2.99% lower than that of an aqueous solution containing only 
hydrocortisone. Consequently, surface tension lowering is a plausible 
explanation for the observed rank order in drug dissolution rates for the 
various drug-lipid combinations. 


Apparent First-Order Kinetics-Selected data plotted in first-order 
fashion are shown in Fig. 3. In Table IV, the hydrocortisone-lipid (1:l) 
and hydrocortisone-lipid-lactose (1:1:6) preparations are expressed as 
the parameters of apparent first-order kinetics. The dissolution process 
followed by these preparations was not simple first order (Fig. 3). From 
15 to 60 min, a steeper slope was evident; from 60 to 150 min, the slope 
changed. Extrapolation of the lines for the bottom three curves to point 
2.0 on the ordinate indicates a third slope from 0 to 15 min. Thus, the 
assumption that the surface area available for dissolution decreases ex- 
ponentially with time is not true for these drug-lipid delivery systems. 


Apparent Second-Order Kinetics-Based on previous studies (8, 
9), the in uitro dissolution kinetics of the hydrocortisone-lipid and hy- 
drocortisone-lipid-lactose systems could be second order, being functions 
of the effective surface area and the weight of drug avaiiable for disso- 
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Figure 5-Dissolution rate of hydrocortisone from selected lipid com- 
binations, with and without lactose, in simulated intestinal fluid a t  37' 
plotted according to the Weibull distribution equation. Key: A, hydro- 
cortisone-cholesteryl stearate-lactose (I:1:6); B,  hydrocortisone-cho- 
lesteryl stearate (1:l);  C, hydrocortisone-lactose (1%) ;  D, hydrocorti- 
sone; E, hydrocortisone-cholesteryl n-decylate-lactose (1:1:6); and F, 
hydrocortisone-cholesteryl n-decylate (1 : l ) .  


Table VI-Dissolution Rate Data for Hydrocortisone-Lipid (kl)  
and Hydrocortisone-Lipid-Lactose (1:1:6) Expressed as the 
Parameters of the  Weibull Distribution Eauation 


Sample Log aa bb  Tdc, min 
I 1.10 0.655 47.8 
1-11 1.58 0.828 80.7 
1-111 1.14 0.351 1.79 x 103 
I-IV 1.31 0.346 4.02 x 103 


1.16 x 104 I-v 1.65 0.406 
I-VI 1.79 0.533 2.31 x 103 
I-VII 1.31 0.372 3.36 x 103 
I-VIII 0.30 1.100 2.0 
I-IX (1:6) 0.51 0.471 12.3 
I-11-Ix ' 


I-111-IX 


. ._ 


0.26 0.490 3.1 
1.13 0.529 1.36 X lo2 


3.21 x 103 I-IV-IX 1.30 0.371 
I-v-IX 1.29 0.289 3.00 x 104 ~ . .  


I-VI-IX 1.09 0.292 5.63 x i03 
1.52 x 103 I-VII-IX 1.15 0.363 


I-VIII-IX 0.35 0.577 4.1 


a The y-intercept of the line, obtained by the least-squares method using a 
computer. (See Fig. 5.) * The slope of the line. The time required to dissolve 63.2% 
of the hydrocortisone, derived from the Weibull distribution equation (10). 


lution. In Fig. 4, W/W,( We - W) is plotted against time. The parameter 
W is the weight of drug in solution at time t; We is the weight of drug in 
solution at equilibrium. The slope of each line represents the apparent 
second-order rate constant, K .  The points represent the experimental 
data, but the lines were drawn from calculated values obtained by re- 
gression analysis. 


Table V gives the values for K ,  tso, t90, and the initial dissolution rate 
for the 1:l hydrocortisone-lipid and 1:1:6 hydrocortisone-lipid-lactose 
preparations. The initial dissolution rates, when both t and W = 0, are 
calculated from: 


-- dW - k W,2 
dt (Eq. 1) 


The most rapid dissolution rate for hydrocortisone was exhibited by the 
hydrocortisone-cholesteryl stearate-lactose (1:1:6) preparation. The 
slowest release of the drug occurred from hydrocortisone-cholesteryl 
n-decylate (1:l). 


On the basis of the regression analyses of the dissolution rate data, the 
assumption of a particular kinetic model is valid if the correlation coef- 
ficient, r ,  approaches unity. Fitting of the experimental data to the sec- 
ond-order kinetic model yielded an average value of r = 0.955 for the 
hydrocortisone-lipid (1:l) preparations. The average value of r for the 
hydrocortisone-lipid-lactose (1:1:6) preparations was 0.967. Thus, with 
deviations of only 3.3 and 4.5% from unity, the second-order kinetic model 
appears to be valid. 


Weibull Cumulative Distribution Preparation-Langenbucher 
(10) reported that a more general function, which might be applied to 
linearize common types of dissolution curves, is the Weibull distribution 
equation: 


log [-ln(1 - rn)] = b log ( t  - Ti) - log a (Eq. 2) 


where m expresses the accumulated fraction of drug in solution at  time 
t; b is the shape parameter, obtained from the slope of the line; a is the 
scale parameter estimated from the y-intercept; and Ti is the location 
parameter, representing the time lag before the onset of dissolution (in 
this instance Ti = 0). 


Figure 5 is a log-log plot of -In (1 - rn) uersus t for selected 1:l hy- 
drocortisone-lipid combinations with and without lactose. Table VI lists 
the log a, b, and Td values for all 1:l hydrocortisone-lipid combinations 
with and without lactose. The Td value represents the time required to 
dissolve 63.2% of the drug. The versatility of the log-log plot is evident 
in Fig. 5; it is possible to calculate the time required for any percentage 
of the drug to be dissolved by use of the auxiliary ordinate scale shown 
on the right-hand side. All points on Fig. 5 are experimentat the lines are 
drawn from the predicted values obtained from the least-squares method 
using a computer. 


The log-log plots (Fig. 5) exhibit the closest fit to the experimental data 
as compared with the lines generated in Figs. 3 (first order) and 4 (second 
order). Thus, in Table I, it is apparent that 90.8% of the hydrocortisone 
had dissolved from the 1:l hydrocortisone-cholesteryl stearate prepa- 
ration after 45 min. The tm values from the first-order, second-order, and 
Weibull distribution curves were 955,117, and 41 min, respectively. With 
hydrocortisone-cholesteryl stearate-lactose (1:1:6), 85.2% of the drug 
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had dissolved after 15 min. The tw  values for the first-order, second- 
order, and Weibull distribution curves were 30, 11.6, and 19 min, re- 
spectively. These results support the utility of the Weibull cumulative 
distribution equation in the linearization of experimental data. 
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Influence of Metoclopramide and Propantheline on 
GI Absorption of Griseofulvin in Rats 


F. JAMALI and J. E. AXELSON" 


Abstract The effect of metoclopramide and propantheline pread- 
ministration on the plasma levels of orally administered griseofulvin was 
studied. Griseofulvin was administered as an aqueous suspension in 0.5% 
polysorbate 80 or as a 100% polyethylene glycol 600 solution. Metoclo- 
pramide preadministration increased the gastric emptying rate, but 
propantheline retarded it. The effect on griseofulvin absorption induced 
by metoclopramide and propantheline was sharply dependent upon the 
dosage form of griseofulvin administered. When griseofulvin was ad- 
ministered as a suspension dosage form following metoclopramide ad- 
ministration, the griseofulvin peak plasma concentration was reduced 
by 59% while a concurrent 50% reduction in relative bioavailability was 
observed. Pretreatment with metoclopramide resulted in a shift of the 
time required for attainment of the peak plasma griseofulvin concen- 
tration. In contrast, metoclopramide administration prior to a dose of 
griseofulvin dissolved in 100% polyethylene glycol 600 sharply increased 
both the relative bioavailability and the maximum plasma level of 
griseofulvin by 234 and 145%, respectively. Propantheline administration 
prior to a single dose of griseofulvin suspension decreased the maximum 
plasma level by 30% and delayed the time of its attainment from 5.78 to 
19.00 hr with a 50% increase in relative .availability. When griseofulvin 
was administered as a 100% polyethylene glycol solution dosage form, 
propantheline preadministration reduced both the maximum plasma 
level and the area under the plasma concentration-time curve by 64 and 
44%, respectively. 


Keyphrases Griseofulvin-GI absorption, effect of metoclopramide 
and propantheline preadministration, rats Metoclopramide-effect 
of preadministration on GI absorption of griseofulvin, rats 0 Pro- 
pantheline-effect of preadministration on GI absorption of griseofulvin, 
rats 0 Absorption, GI-griseofulvin, effect of metoclopramide and 
propantheline preadministration, rats GI absorption-griseofulvin, 
effect of metoclopramide and propantheline preadministration, rats 
Antifungal agents-griseofulvin, GI absorption, effect of metoclopramide 
and propantheline preadministration, rats Antiemetics-metoclo- 
pramide, effect of preadministration on GI absorption of griseofulvin, 
rats Anticholinergic agents-propantheline, effect of preadministration 
on GI absorption of griseofulvin, rats 


Griseofulvin, a chemically neutral systemic antifungal 
antibiotic, is commonly used in the treatment of derma- 
tophyte infections in humans (1-4) and domestic animals 
(5). As a result of inherently poor aqueous solubility (ap- 
proximately 15 mghiter a t  37O), the drug is slowly, errati- 
cally, and incompletely absorbed from the human GI tract 


(6). However, it is an exceptionally effective antifungal 
agent after oral administration. 


Because griseofulvin is poorly absorbed, it has been used 
as an investigational model to examine various parameters 
affecting drug absorption. Its slow and erratic absorption 
characteristics are the direct result of unusually slow dis- 
solution after oral administration as a solid dosage form. 
Early experimentation with griseofulvin led to classical 
observations about the effect of particle-size reduction (7), 
surfactants (8), and dietary lipids (9) on the absorption of 
a drug with low solubility and poor availability. 


The effects of particle-size reduction (7), micellar 
solubilization (lo), molecular dispersion (ll), and emul- 
sification (12) on improving the absorption of poorly ab- 
sorbed drugs are well recognized. However, far less is 
known about the effect of GI motility on the absorption 
of poorly absorbed drugs (13-15). Since griseofulvin is a 
very poorly soluble drug and its absorption takes place 
largely in the intestine (16), it was desirable to study the 
effect of gastric emptying and GI motility on its absorp- 
tion. Metoclopramide (13) and propantheline (13-15) were 
used successfully as investigational probes in similar ab- 
sorption studies to increase or decrease GI motility, re- 
spectively. 


The purpose of this work is to demonstrate the effect of 
changes in GI motility on the relative availability of 
griseofulvin after preadministration of motility-modifying 
agents. 


EXPERIMENTAL 


Dosage Forms-Micronized griseofulvinl (specific surface area of 1.32 
m2/g) was used in the preparation of two dosage forms. The first prepa- 
ration was an aqueous suspension containing 25 mg of micronized 
griseofulvin/ml in 0.5% polysorbate 80 in water. The second preparation 
was a solution of griseofulvin prepared by dissolving 12.5 mg of drug in 


Supplied by Dr. Milo Gibaldi, State University of New York at Buffalo, Buffalo, 
N.Y. 
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Tetrazole Analogs of Phenylalanine Derivatives as 
Tyrosine Hydroxylase Inhibitors 


H. R. McNEIL *, B. B. WILLIAMS, Jr., and C. M. DARLING 


Abstract Eight new tetrazole analogs of phenylalanine derivatives 
in which the carboxyl group was replaced by a tetrazole ring were syn- 
thesized. At a concentration of 2.5 X M, each compound exhibited 
greater than 50% inhibition of tyrosine hydroxylase activity. 


Keyphrases o Tetrazole analogs of phenylalanine derivatives-syn- 
thesized, effect on tyrosine hydroxylase activity 0 Phenylalanine de- 
rivatives-various tetrazole analogs synthesized, effect on tyrosine hy- 
droxylase activity Tyrosine hydroxylase activity-effect of various 
tetrazole analogs of phenylalanine derivatives 0 Enzymes-tyrosine 
hydroxylase activity, effect of various tetrazole analogs of phenylalanine 
derivatives o Structure-activity relationships-various tetrazole analogs 
of phenylalanine derivatives, effect on tyrosine hydroxylase activity 


Because it catalyzes the rate-determining step in cate- 
cholamine biosynthesis (l), tyrosine hydroxylase has been 
the target for the synthesis of numerous agents. The ma- 
jority of these agents may be considered derivatives of 
phenylalanine and tyrosine, with attention focused on the 
aromatic portion of the structure. 


BACKGROUND 


With an intact amino acid side chain, derivatives of phenylalanine and 
tyrosine potentially can be metabolized to catecholamines, which may 
modify the overall pharmacological action. The a-methylated analog, 
a-methyltyrosine, a potent competitive inhibitor of tyrosine hydroxylase 
(2), is metabolized to methyldopa, a-methyldopamine, and a-methyl- 
norepinephrine (3). These metabolites exhibit weak sympathomimetic 
action, which led to the false transmitter hypothesis for the antihyper- 
tensive action of methyldopa (4). However, if the carboxyl group is re- 
placed by a tetrazole ring, the derivatives are not likely to be metabolized 
to catecholamines. 


The chemically similar tetrazole ring system (5) has been used to re- 
place a carboxyl group. Elwood et al. (6) reported weak inhibition of 
glutamic acid dehydrogenase by tetrazole analogs of glutamic acid. They 
suggested that the low degree of binding of the tetrazole analogs to the 
receptor was not due to poor steric fit or the degree of ionization but to 
the much greater area available within the tetrazole ring for the distri- 
bution of charge in the ionized form. The preparation of tetrazole analogs 
of other amino acids was reported (7). 


The purpose of this study was to determine whether tetrazole analogs 
of phenylalanine derivatives would inhibit tyrosine hydroxylase. Several 
analogs in which the carboxyl group was replaced by a tetrazole ring were 
evaluated. 


The aryl-substituted tetrazole analogs of phenylalanine were synthe- 
sized by the route outlined in Scheme I. 


EXPERIMENTAL' 


Aryl-Substituted Ethyl 2-Acetamido-2-cyano-3-phenylpropa- 
noates (I-1X)-Intermediates I-IX were prepared by a modification 
of the method of Matsumoto (8). A mixture of ethyl acetamidocyano- 
acetate (68.0 g, 0.40 mole), sodium iodide (1.0 g), and anhydrous potas- 
sium carbonate (30.0 g, 0.22 mole) in dry acetone (300 ml) was heated at 
reflux while the appropriately substituted benzyl halide (0.30 mole) was 
added dropwise during 15 min. After heating at  reflux for 7 hr, the mix- 
ture was poured over ice and filtered. The residue was recrystallized from 
the appropriate solvent (Table I) and activated charcoal. 


NMR data agreed with the proposed structures. The NMR spectra 


(dimethyl sulfoxide-ds, tetramethylsilane internal standard) showed the 
following common absorption peaks: 6 1.10 (t, 3H, CCHd, 1.99 (s,3H, 
COCH3),3.35 (9, 2H, Ar-CH&), and 4.10 (q, 2H, OCH2C) ppm. De- 
pending on the ring substituents, the absorption in the aromatic region 
ranged from d 7.10 to 7.90 ppm and the pattern varied from singlet to 
multiplet. Each spectrum integrated for the correct number of protons. 
The NMR spectrum of VII showed an absorption peak at  6 2.25 ppm 
while that of VIII showed one at 6 2.30 ppm, each of which integrated for 
three protons corresponding to an aromatic methyl substituent. 


Aryl-Substituted Ethyl l-Acetamido-l-tetrazol-5-yl-2-phenyl- 
propanoates (X-XIV)-These compounds were synthesized by a 
modification of the method of Finnegan et al. (9), which is exemplified 
by the procedure for X. 


A mixture of I1 (14.5 e. 0.052 mole). sodium azide (6.8 E, 0.104 mole), 
and ammonium chloridi'(5.5 g, 0.104mole) in dry dimetlhylformamide 
(125 ml) was heated at 88-95' for 28 hr. The hot mixture was filtered, and 
the filtrate was concentrated in uacuo. The residue was dissolved in 
distilled water, and the solution was adjusted to pH 2 with dilute hy- 
drochloric acid. The resulting precipitate was washed with cold water and 
recrystallized twice from distilled water and activated charcoal, 8.4 g 
(50.3%), mp 147-149'. Table I1 contains physical and chemical data for 
x-XIV. 


NMR data agreed with the proposed structures. Assignments of the 
common absorption peaks are (dimethyl sulfoxide-ds): 6 1.1s1.15 (t, 3H, 
CCH& 1.90-1.99 (s,3H, COCH3), 3.65-3.75 (s,2H, Ar-CHZC), 4.10-4.15 
(q, 2H, CHzC), and 6.85-7.25 (m, 3H or 4H, aromatic) ppm. There was 
an additional absorption peak for XI11 at 6 2.20 (s, 3H, Ar-CH3) ppm and 
for XIV at  6 2.25 (s, 3H, Ar-CH3) ppm. 


Aryl-Substituted 5-(1-Amino-%-phenylethyl)tetrazoles (XV- 
XXII1)-These compounds were prepared by two different methods 
(Table 111). 


Method A-The procedure is a modification of the method of 
McManus and Herbst (7). Typically, a mixture of the appropriately 
substituted cyan0 ester (I, 111, IV, or IX) (0.10 mole), sodium azide (19.5 
g, 0.30 mole), and anhydrous aluminum chloride (13.3 g, 0.10 mole) in dry 
tetrahydrofuran (250 ml) was heated at reflux for 24 hr. After cooling, 
the solvent was displaced with an equal volume of water on a continuous 
flow flash evaporator. The solids were filtered and air dried. 


+ R 2 #  + 


NHCOCH, 


LHCN 


iOOCHzCH3 R1 


+ R 2 #  + 


NHCOCH, 


LHCN 


iOOCHzCH3 R1 
NHCOCH, 
I 


NHCOCH, 
I N-N 


I -1x x-XIV 
N-N 


R, 
xv-XXIII Elemental analyses were performed by Atlantic Microlab, Inc., Atlanta, Ga. 


NMR data were recorded on a Varian Associates T-60A spectrophotometer. Scheme I 
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Table I-Aryl-Substituted Ethyl 2-Acetamido-2-cyano-3-phenylpropanoates 
Melting Crude Recrystallization Analysis, % 


Compound RI Rz Pointa Yield, % Solvent Formula Calc. Found 


I H H 130-132OC 92 
I1 H F 88-90' 90 


111 F H 162-1630d 90 
IV H c1 80-82' 95 


V 
VI 


c1 c1 H c1 161-1630e 
119-121' 


96 
71 


VII H CH3 84-86' 90 


- - A 
C 60.43 60.42 
H 5.43 5.50 
N 10.07 9.92 


B c ~ ~ H ~ ~ F N ~ o ~  
- R - - 


I 


C 57.05 57.12 
H 5.13 5.17 
N 9.50 9.57 


A Ci4Hi5ClN203 


H 6.61 6.71 
N 10.21 10.29 


H 152-154' 92 A Ci5H18N203 C 65.68 65.42 
H 6.61 6.69 
N 10.21 10.28 


VIII CH3 


- __ - IX NO2 H 183-185'f 98 A 
MeltinFfoints were taken in open capillary tubes and are uncorrected. * A = 50% ethanol; B = toluene. Lit. (8)Qp 132-134'. Lit. (8) mp 162-163". Lit. (8) mp 


163-164". it. (8) mp 185-186'. 


Table 11-Aryl-Substituted Ethyl l-Acetamido-l-tetrazol-5-yl-2-phenylpropanoates 
Melting Analysis, % 


Compound Ri R2 Pointa Yield, % Formula Calc. Found 
X H F 147-149' 50.3 Ci4HdN503 C 52.33 52.44 


H 5.02 5.02 
N 21.80 21.86 


H 4.77 4.88 
N 20.73 20.87 


XI1 c1 c1 183-185' 45.1 C14Hi5CbN503 C 45.18 45.29 
H 4.06 4.11 
N 18.82 18.69 


XI11 H CH3 130-132O 23.8 Ci5HigN503 C 56.17 56.80 
6.06 H 6.03 


N 22.07 22.11 
XIV CH3 H 101-105' 43.2 Ci5HigN50rH20 C 53.72 53.72 


H 6.31 6.33 
N 20.88 20.97 


XI c1 H 138-140' 17.2 Ci4H1&1N503 C 49.78 49.37 


a Melting points were taken in open capillary tubes and are uncorrected. 


The dried residue was suspended in concentrated hydrochloric acid 
(300 ml), and the mixture was heated at  reflux for 3 hr. The mixture was 
concentrated in uacuo, and the residue was added to a solution of pyridine 
(30 ml) and 95% ethanol (250 ml). After refrigeration, the product was 
filtered and recrystallized from water-activated charcoal. Table I11 lists 
physical and chemical data for XV-XXIII. 


Method B-The tetrazole ester (from Table 11) (0.05 mole) was added 
to concentrated hydrochloric acid (100 ml) and heated at reflux overnight. 
After the mixture was concentrated in uacuo, the residue was dissolved 
in distilled water and the solution was adjusted to pH 8 with ammonium 
hydroxide solution. After decanting, the gummy residue was recrystal- 
lized from water and activated charcoal. Table 111 lists physical and 
chemical data for XV-XXIII. 


NMR data agreed with the proposed structures. Assignments of the 
common absorption peaks are (10% sodium deuteroxide): 6 2.90-2.95 (m, 
2H, Ar-CHZ), 4.25-4.35 (m, lH, CCH), and 6.75-6.90 (m, 3H or 4H, aro- 
matic) ppm. There was an additional absorption peak for XXI at  6 2.00 
(s, 3H, Ar-CH3) ppm and for XXII at 6 1.93 (s,3H, Ar-CH3) ppm. 


Tyrosine Hydroxylase Inhibition-Tyrosine hydroxylase was iso- 
lated from beef adrenals2 by the method of Nagatsu et  al. (10). Active 
enzyme was precipitated by the addition of ammonium sulfate, resus- 
pended in M mercaptoethanol, and stored at  -20'. Tetrazole de- 
rivatives, dissolved in dilute hydrochloric acid and measured at final 
concentrations of 2.5 X 10-5 M, were incubated at 37' for 15 min with 
shaking in the following medium: 200 pmoles of 1 M acetate buffer (pH 
6.0), 0.1 pmole of l-tyrosine, 1.5-2.5 X lO5cpm of 3,5-ditritiotyrosine, 1.0 
rmole of 2-amino-4-hydroxy-6,7-dimethyltetrahydropteridin in 0.1 ml 
of 0.1 M phosphate buffer (pH 7.4), 100 pmoles of mercaptoethanol, 0.5 


pmole of ferrous sulfate, 0.2 ml of enzyme preparation, and water to a total 
volume of 1.0 ml. The medium alone was used as the control. 


The reaction was stopped by the addition of 0.05 ml of acetic acid. The 
mixture was centrifuged, and the supernate was placed on an ion-ex- 
change column3 and washed once with 1.0 rnl of water. The original su- 
pernate and washing were collected in a liquid scintillation vial, scintil- 
lation fluid4 was added, and the solution was counted5. Data as nanomoles 
of tyrosine oxidized were calculated by measuring tritiated water released 
following the conversion of 3,5-ditritiotyrosine to 5-tritiodihydroxy- 
phenylalanine. Enzyme activity in the presence of tetrazoles is presented 
in Table 111. 


RESULTS AND DISCUSSION 


These preliminary results (Table 111) indicate that replacement of the 
carboxyl group of phenylalanine derivatives with a tetrazole ring does 
not abolish the inhibitory properties of the respective parent compounds. 
Although no statistically significant differences (Duncan multiple range 
test) (11) in percent inhibition were found among the tetrazoles, statistical 
analysis by Dunnett's test (12) did reveal that all tetrazole analogs in- 
duced significant reduction ( p  < 0.01) of tyrosine hydroxylase activity 
compared to control enzyme activity. 


Counsel1 et al. (13) reported 0,35,26, and 30% inhibition of tyrosine 
hydroxylase activity for 3-flUOrO-, 4-flUOrO-, 3-chloro-, and 4-chloro- 
phenylalanine, respectively, at a concentration of 2 X M. This result 
may be compared to the greater percent inhibition at a lower concen- 
tration by the corresponding tetrazole analogs, XVI, XVII, XVIII, and 
XIX (Table 111). 


2 Meats Laboratory, Auburn University. 


Dawex 5 H+. 
Riafluor, New En land Nuclear, Boston, Mass. 


5 Beckman LS-lBOfiquid scintillation system. 
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Table 111-Tetrazole Analogs of Phenylalanine and Their Inhibition of Tyrosine Hydroxylase 
Meltin! Analysis, % Enzyme Inhibition, % 


Compounda R1 Rz I Point Method Yield,%' Formula Calc. Found Activityd i SEM 


Control xv 
XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


XXIII 


H H  
H F  


F H  


H C1 


C1 H 


c1 c1 


H CH3 


CH3 H 


NO2 H 


273' 
288" 


283' 


274' 


286' 


282' 


284' 


288' 


256' 


- 
C 52.17 
H 4.86 
N 33.80 
C 52.17 
H 4.86 
N 33.80 
C 48.33 
H 4.51 
N 31.31 
C 48.33 
H 4.51 
N 31.31 
C 41.88 
H 3.51 
N 27.13 
C 59.10 
H 6.45 
N 34.46 
C 59.10 
H 6.45 
N 34.46 
C 46.15 
H 4.30 
N 35.88 


- 
52.14 
4.70 


34.12 
52.04 
4.82 


33.76 
48.26 
4.49 


31.26 
48.18 
4.54 


31.20 
41.79 


3.55 
27.17 
59.06 
6.20 


34.65 
58.96 
6.26 


34.61 
46.26 


3.89 
36.07 


18.29 (10) 
9.27 (6) 
7.84 (5) 


6.61 (7) 


8.51 (7) 


7.57 (7) 


6.87 (8) 


5.73 (6) 


6.09 (8) 


6.63 (6) 


49.3 f 5.2 
57.1 i 4.8 


63.6 f 5.7 


53.6 f 4.3 


58.7 f 8.6 


62.5 i 4.9 


68.6 f 1.4 


66.9 f 1.3 


63.8 f 2.8 


0 All racemates. * All compounds melted with decomposition. Melting points were taken in open capillary tubes and are uncorrected. c Yields in Method A are calculated 
Nanomoles of I-tyrosine oxidized in presence of inhibitor (2.5 X 10-5 M ) .  Parentheses from the cyan0 derivative; in Method B, they are calculated from the tetrazole ester. 


indicate the number of replicates. e Lit. (7) mp 270.5-271.5'. 


This preliminary study indicates that tetrazole analogs of phenylala- 
nine derivatives inhibit tyrosine hydroxylase in uitro. This study is being 
utilized as the basis for the design of additional compounds and more 
detailed pharmacological studies. 
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rivative (11) with the proposed structure indicated. It seems 
appropriate to correct the record now since I was again 
proposed as the structure for silylated biotin in a recent 
review (3). 


The possibility that the proposed structure for the silyl 
ester (I) might be incomplete appeared when we prepared 
the methyl ester of biotin using diazomethane. Although 
this methyl ester could be chromatographed, the com- 
pound had a much longer retention time compared with 
the silylated compound and produced a peak that tailed 
badly. This large difference in chromatographic behavior 
is not expected for two compounds that are supposed to 
be simple esters. It also was observed that when the sily- 
lating agent [bis(trimethylsilyl)trifluoroacetamide] (111) 
was added to the previously formed methyl ester, the late 
eluting broad peak disappeared and a sharp, early eluting 
peak was obtained. These observations led to a more de- 
finitive study of the derivatives formed. 


The fully silylated derivatives can be formed by reacting 
5 mg of biotin with 1 ml of a 1:l (v/v) solution of I11 and 
pyridine. After heating a t  60’ for 15 min, the sample is 
ready for analysis. The partially silylated derivative can 
be formed by first reacting 5 mg of biotin in ether with 
excess diazomethane until the yellow color persists. After 
10 min, the methyl ester solution is evaporated to dryness 
and then silylated as described. 


BOOKS 


These samples were then analyzedl on a gas chromato- 
graph-mass spectrometer2 using a 1.9-m 3% OV-17 on 
100-120-mesh Gas Chrom Q3 column. The mass spectrum 
of the fully silylated derivative produced molecular ion 460 
together with a base peak at mle 73, supporting Structure 
11. The mass spectrum of the methylated biotin trimeth- 
ylsilyl derivative gave m/e 402, again with a base peak at 
mle 73, supporting the biotin methyl ester N,N- trimeth- 
ylsilyl structure. 


(1) C. Plinton, F. P. Mahn, M. Hawrylyshyn, V. S. Venturella, and B. 
2. Senkowski, J.  Pharm. Sci., 58,875 (1969). 


(2) V. Viswanathan, F. P. Mahn, V. S. Venturella, and B. 2. Senkowski, 
ibid., 59,400 (1970). 


(3) S. Ahuja, ibid., 65,163 (1976). 
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REVIEWS 


Annual Reports in Medicinal Chemistry. Vol. 1 I. Edited by FRANK 
H. CLARKE et al. Academic, 111 5th Ave., New York, NY 10003,1976. 
339 pp. 17 X 25.5 cm. Price $16.50. 
The new editor-in-chief of this series, Dr. Frank Clarke, is to be con- 


gratulated on maintaining the quality of content, presentation, and 
timeliness found in earlier volumes. The 32 chapters of this volume are 
grouped into six principal sections. Six section editors (three of them new) 
have the responsibility for the contributions in their areas. 


Most chapters survey the literature of 1975 on new compounds re- 
ported to have pharmacologic activity. A few chapters cover the years 
since a report last appeared in this series. Some of the most interesting 
chapters present a mini-review of some biological process or disease state 
and point the way to potential new approaches for drug therapy. A third 
type of chapter deals with general methods of possible utility in the 
synthesis, design, or testing of drugs. 


The section on CNS Agents has three chapters that update previous 
coverage of antidepressants, antipsychotic agents, antianxiety agents, 
anticonvulsants, sedative-hypnotics, analgesics (including endogenous 
peptides), and narcotic antagonists. In addition, there are two excellent 
chapters on the currently “hot” areas of opiate receptors and biological 
factors in psychiatric disorders. The Pharmacodynamic Agents section 
covers pulmonary and antiallergy drugs, antihypertensives, diuretics, 
and the structure-activity relationships of prostaglandins. The Che- 
motherapeutic Agents section has chapters on antibiotics and antifungal, 
antiviral, antiparasitic, and antineoplastic agents. 


The section on Metabolic Diseases and Endocrine Function has 
chapters devoted to immunosuppressive and immunostimulatory agents, 
steroids, peptide hormones, diabetes, disorders of lipid metabolism, drug 
metabolism, and antiobesity agents. The Topics in Biology section fea- 
tures particularly pertinent chapters on membrane regulators, active 


transport across membranes, the antimetabolite concept, comparative 
toxicology, and chronopharmacology. The last section on Topics in 
Chemistry has the usual chapter on synthetic reactions of interest plus 
chapters concerning the synthesis of P-lactam antibiotics, synthesis of 
cyclic adenosine monophosphate and cyclic guanidine monophosphate 
derivatives, syntheses employing polymeric reagents, quantit,ative drug 
design, and use of NMR for drug binding studies. 


As expected with any work by 46 different authors, the writing style 
is far from uniform. However, the readability of t.his volume is generally 
quite good. Every medicinal chemist and most pharmacologists would 
surely find several chapters of interest. 


Reviewed by James F. Stubbins 
Virginia Commonwealth Uniuersity 
Richmond, VA 23298 


Chinese Herbs: Their Botany, Chemistry, and Pharmacodynamics. 
By JOHN D. KEYS. Tuttle, Rutland, V T  05701, 1976. 338 pp. 15 X 
22 cm. Price $15.00. 
This book is a compendium of monographs of Chinese medicinal plants 


arranged by botanical classification. Each monograph includes an illus- 
tration and Chinese characters as well as a botanical, chemical, and 
pharmacological description. There are also supplementary sections on  
mineral- and animal-derived drugs, a collection of Chinese prescriptions, 
and a table of toxic herbs. 


This book is a good compilation of the medicinal plants of China, done 
mainly through translation of Chinese works, some as old as the 6th 
century. The botanical description seems quite complete, while the 
chemical and pharmacodynamic sections appear too outdated and su- 
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perficial for the pharmaceutical scientist. However, this book should be 
of interest to the lay reader or scientist specifically interested in Chinese 
herbs and herbal medicine. 


pear; and lists national compendia1 names that differ from the INN. The 
Chemical Abstracts Service (CAS) registry number and molecular for- 
mula are also given. The book includes all INN published in the WHO 
Chronicle through March 1976. In addition, there is an appendix of na- 
tional names that differ from INN, a molecular formula index, and a CAS 
registry number index. All of the text appears in both English and 
French. 


Reviewed by David J. Slatkin 
llniuersity of Pittsburgh 
School of Pharmacy 
Pittsburgh, PA 15261 


Staff review 


Advances in Modern Toxicology, Vol. 1, Part 1: New Concepts in 
Safety Evaluation. Edited by MYRON A. MEHLMAN, RAYMOND 
E. SHAPIRO, and HERBERT BLUMENTHAL. Halsted, 605 Third 
Ave., New York, NY 10016,1976.455 pp. 16 X 25 cm. 
Today there is increased governmental and industrial concern re- 


garding the toxicity of chemicals, with emphasis on development of test 
procedures designed to reveal adverse effects before a particular sub- 
stance becomes available for direct or indirect human ingestion. A text 
such as this one can assist scientists in fulfilling this objective. 


Three of the 13 chapters focus on teratogenicity. Chapter 6, Current 
Methodology in Teratology Research, provides useful information re- 
garding selection of the animal model and time of administration. 
Chapter 12, Distribution, Metaholism and Perinatal Toxicity of Pesti- 
cides with References to Food Safety Evaluation: A Review of Selected 
Literature, is a compilation of previously reported data on various pes- 
ticides, eg., DDT, aldrin, and dieldrin. Chapter 13, Transplacental 
Toxicity of Diethylstilbestrol: A Special Problem in Safety Evaluation, 
includes detailed descriptions of the pharmacology and toxicology of 
diethylstilbestrol in both animals and humans. 


Two interesting sections devoted to methodology are Chapter 3, Po- 
tential Contribution of Inbred Syrian Hamsters to Future Toxicology, 
and Chapter 9, Radioautographic Methods for Physiologic Disposition 
and Toxicology Studies. 


Chapter 8 is especially timely since it describes fundamental phar- 
macokinetic principles and their application to toxicological investiga- 
tions. 


Nonlethal Parameters as Indices of Acute Toxicity: Inadequacy of the 
Acute LD50 is the title of Chapter 7, which stresses the need to look be- 
yond the LD5i)value itself, e.g., careful observation of all animals in the 
postadministration period, and pathological examination of survivors 
to detect latent toxicity. 


Portions of the book suffer from inadequate editorial supervision. 
Numerous tables (e.g., Chapter 4, Table 13, and associated Appendix; 
and Chapter 1 1 ,  Tables 1 and 20) contain facts that are not organized on 
any basis. Individual chemicals could have been listed alphabetically 
within each table but instead appear in semirandom fashion. I t  is un- 
fortunate that these defects, which could have easily been corrected, were 
overlooked. 


On the positive side, background data are accompanied by extensive 
reference sections, and potential sources of error in development and 
interpretation of toxicity studies are emphasized. This text is a good 
comprehensive source of information for those conducting toxicological 
research. 


Reuiewed by Frederick J. Goldstein 
Philadelphia College of Pharmacy and 


Philadelphia. PA 19104 
Science 


International Nonproprietary Names (INN) for  Pharmaceutical  
Substances. Cumulative List No. 4. World Health Organization, 
Health and Biomedical Information Programme, 1211 Geneva 27, 
Switzerland, 1976.314 pp. 17.5 X 24 cm. Price $19.20. 
This book is a computer printout of international nonproprietary 


names (INN) of pharmaceutical substances in alphabetical order of the 
Lat.in names. Each entry includes the I N N  in English, French, Russian, 
and Spanish; indicates the national compendia in which the names ap- 


Molecular Connectivity in Chemistry and  Drug Research. By 
LEMONT B. KIER and LOWELL H. HALL. Academic, 111 Fifth 
Ave., New York, NY 10003, 1976.257 pp. 15 X 24 cm. Price $27.00. 
This book represents the results of recent research into the utility of 


the connectivity index as a parameter for correlating physical, chemical, 
and biological properties. The 10 chapters in the book may be divided 
into roughly three sections. 


The first section contains Chapters 1-3 on Structure and Properties, 
Elements of Graph Theory and Topological Indices, and Molecular 
Connectivity, respectively. These provide a general introduction to their 
topics. Both Chapters 2 and 3 may appear to be more abstract and formal 
than necessary on first reading. However, the equations and algorithms 
provided for the calculation of the various connectivity indices are very 
general. Computational facility may be gained through working the many 
examples provided in the numerous tables and in Appendix A. 


The second part of the book, Chapter 4 on Molecular Properties and 
Chapter 5 on Molar (Bulk) Properties and Molecular Connectivity, 
provide examples of the correlation between the various connectivity 
indices and such properties as heat of formation and atomization, molar 
polarizibility, diamagnetic susceptibility, heat of vaporization, boiling 
point, aqueous solubility, and partition coefficient. In general, for each 
physical property the discussion is organized and correlations are pre- 
sented by functional group. 


The third part of the book focuses on biological activity correlations. 
Chapter 6 considers nonspecific biological activity (anesthetic and nar- 
cotic activity), while Chapter 7 considers more specific responses such 
as enzyme inhibition and microbial inhibition. Chapter 8 considers the 
use of multiple chi (connectivity) and chi-squared terms in correlating 
biological activities, while Chapter 9 considers the use of chi terms plus 
other physical property terms, primarily the Hammett sigma values, in 
correlation analyses. Finally, Chapter 10 concludes the book with re- 
flections on the nature and future of connectivity. In this chapter, the 
authors ask such questions as: “Is the particular choice of chi important?” 
and “How is one to interpret the chi terms?”, note problem areas such 
as cis-trans- isomerism, conformation, and high structural complexity, 
and suggest some possible future uses of chi. 


While much of the content is available in the literature, the book pulls 
everything together, plus offers more of an introduction to graph theory 
and the development of the various connectivity indices. As the authors 
clearly state, much remains to be investigated. In the reviewer’s opinion, 
it is too early to assess the value of molecular connectivity relative to other 
parameters. However, the index is no more difficult to compute than 
other commonly employed parameters, and the technique is easily gen- 
eralized to the computation of number of indices. The method certainly 
merits the attention of researchers in structure-activity work as another 
(more fundamental?) parameter to aid in drug design. Although the book 
is more introductory and preliminary than one might like (it represents, 
for the most part, the results of investigations by one research group over 
the past 2-3 years), it can be recommended, particularly to investigators 
interested in structure-activity methodology, as a new and potentially 
useful technique. 


Finally, some simple calculations reveal a cost of over 10 cents per page. 
This seems particularly steep since approximately one-third of the text 
is occupied by tables. 


Reviewed by Gordon L. Amidon 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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Binding of Pyridine Derivatives to Cytochrome P-450 


JERRY L. BORN and DAVID VAUGHN * 


Abstract The spectral binding constants, K,, of pyridine, methyl- 
pyridine, and dimethylpyridines were determined. The K,  values of the 
compounds were discussed in terms of mechanisms of possible bonding 
to cytochrome P-450. 


Keyphrases [7 Pyridine and derivatives-spectral binding to cyto- 
chrome P-450, constants determined Spectral binding-pyridine and 
derivatives to cytochrome P-450, constants determined Binding, 
spectral-pyridine and derivatives to cytochrome P-450, constants de- 
termined 0 Cytochrome P-450-spectral binding to pyridine and de- 
rivatives, constants determined 


Cytochrome P-450, a terminal oxidase responsible for 
the hydroxylation of many drugs and organic compounds 
(1,2), exhibits two distinct types of spectral binding curves 
when the difference spectra are recorded in the presence 
of “substrates.” Type I binding curves are thought to result 
from the interaction of a substrate with the enzyme at  a 
site associated with hydroxylation (3), resulting in a per- 
turbation of the enzyme that produces a difference spec- 
trum with a peak in the 390-nm region and a trough in the 
420-nm region (4). The binding of type I1 substrates in- 
volves the interaction of nonbonding electrons with the 
heme site (5-81, producing difference spectra with a peak 
in the 420-nm region and a trough at  approximately 390 
nm (4). 


Many type I1 binding compounds have been identified 
including aliphatic alcohols, primary aliphatic and aro- 
matic amines, pyridine, and metyrapone’, the potent in- 
hibitor of cytochrome P-450 (2). Water recently was pro- 
posed as the sixth ligand of the heme site with four ligands 
from the porphyrin ring and the other ligand from a sulf- 
hydryl group (5). The nonbonding electrons of pyridine are 
thought to result in the displacement of water from the 
heme site, resulting in a pyridine-coordinated cytochrome 
P-450. This work describes the determination of the 
spectral binding constants for a series of methylpyri- 
dines. 


EXPERIMENTAL 


Adult male rats were injected with 80 mgkg ip of phenobarbital sodium 
for 3 consecutive days, fasted for 24 hr, and then sacrificed by decapita- 
tion. The liver was removed, washed with 0.25 M sucrose, and then ho- 
mogenized in 10 volumes of 0.25 M sucrose using a Potter-Elveibem glass 
tube and a polytef pestle. The homogenized material was centrifuged 
for 15 min a t  lO,OOOXg, and the supernate was removed and centrifuged 
at 100,OOOXg for 1 hr to produce a microsomal pellet. The microsomal 
pellet was resuspended in 0.15 M KCI and recentrifuged at 100,OOOXg. 
This microsomal pellet was then resuspended in 0.05 M tromethamine 
buffer (pH 7.4), and the protein was adjusted to 1 mg/ml by the method 
of Lowry (9). 


Difference spectra were recorded by placing 3 ml of the protein solution 
in both the sample and reference cells and then recording the baseline 
using a double-beam spe~trophotometer~ equipped with a scattered 
transmission accessory. After the baseline was established, 3-gl portions 
of substrate dissolved in tromethamine buffer were added to the sample 


’ Metopirone, Ciba-Geigy. 
Teflon (du Pont). 


3 Beckman M6 Acta. 
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Table  I-Comparison of Spectral  Binding Constants ( K , )  for 
Pyridine and  Methylpyridines 


pKa of 


Compound KS Activities Acid“ 
Relative Conjugate 


Pyridine 1.46 X 1 5.3 
2-Methvl~vridine 6.15 x 10-3 0.24 5.95 
3-MethyGyridine 0.353 X 4.14 5.85 
4-Methylpyridine 0.166 X 8.8 6.10 
2,6-Dimethylpyridine 1.95 X 0.75 6.72 
2,4-Dimethylpyridine 0.945 X 1.54 6.8 
2,5-Dimethylpyridine 3.7 x 10-3 0.39 6.55 
3,4-Dimethylpyridine 0.089 X 16.4 6.61 
3,5-Dimethylpyridine 0.16 X 9.13 6.34 


0 N. Ikekana, Y. Sato, and T. Maeda, Pharm. Bull., 2,205 (1954). 


cell and successive spectra were recorded. When the solubility of the 
substrate in tromethamine buffer was low, spectroanalyzed methanol 
was utilized to dissolve the compounds in the buffer. 


The spectral binding constant, K,, was determined by substituting the 
difference between the maximum and minimum absorbance in the 
spectrum for initial velocity in the classical enzyme substrate models 
(10). 


The pyridine compoupds were distilled prior to use, and their purity 
was checked by GLC. 


RESULTS AND DISCUSSION 


Three distinct factors should influence the binding of methylpyridines 
to the heme site: the basicity of the compound, the steric factors involved 
with the approach of the methylpyridines to the heme site, and the hy- 
drophobic bonding of the methyl groups to the site as proposed by 
Jefcoate et al. (7). The instability of 2-methylpyridine and 2,6-di- 
methylpyridine complexes with formyl-substituted hemins (11) was at- 
tributed to steric inhibition of bonding, as was the instability of the boron 
trifluoride-2-methylpyridine complex (12). If the nonbonding electrons 
of pyridine are involved with coordination’with the heme site of cyto- 
chrome P-450, introduction of a methyl group on the 2-position of pyri- 
dine should result in less binding of the compound to the heme site. 


Table I shows the spectral binding constants for some methyl-substi- 
tuted pyridines, the relative activities of the compounds as binders to 
cytochrome P-450, and the pKa values. The results support the concept 
of the nonbonding electrons of pyridine interacting with the heme site. 
In each case investigated, the activity of 2-methylpyridines was uniformly 
low. 2-Methylpyridine was approximately one-fourth as active as pyri- 
dine, and the activities of 2,4-dimethylpyridine and 2,5-dimethylpyridine 
were significantly lower than those of their parent compounds, 4- 
methylpyridine and 3-methylpyridine, respectively, indicating the im- 
portance of having an unsubstituted 2-position on the pyridine ring for 
maximal binding. 


The discovery that 2,6-dimethylpyridine had a greater activity than 
2-methylpyridine was unexpected and may be due to its basicity (pKa 
6.72). The activity of 2,6-dimethylpyridine cannot be explained by a di- 
rect interaction between the nonbonding electrons and the heme site and 
may result from the transfer of electrons from the nitrogen to the heme 
site through a molecule of water. 


A plot of log K, for the 3- and 4-substituted pyridines against the pKa 
for the compounds shows a linear relationship between pKa and the 
binding activity (r = 0.9817). While this information cannot preclude the 
possibility of hydrophobic bonding, it strongly suggests that the basicity 
of the nitrogen is the dominant binding force in this series of com- 
pounds. 


The consistently high activities of 4-methylpyridines suggests that 
appropriately substituted 4-pyridines may be potent binders of cyto- 
chrome P-450, a possibility now under investigation in these laborato- 
ries. 
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Determination of Dextrorphan in 
Plasma and Evaluation of Bioavailability of 
Dextromethorphan Hydrobromide in Humans 


GOLLAMUDI RAMACHANDER x, FLORENCE D. WILLIAMS, and 
JANE FRANCES EMELE 


Abstract A method is described for the estimation of dextrorphan, 
a metabolite of dextromethorphan, in plasma. The bioavailability of 
dextromethorphan hydrobromide after 30 mg PO, as measured by the 
concentration of total (free and conjugated) dextrorphan in the plasma, 
was determined in six human volunteers with this procedure. 


Keyphrases 0 Dextrorphan-fluorometric analysis, human plasma 
0 Dextromethorphan hydrobromide-bioavailability evaluated using 


fluorometric analysis of dextrorphan in human plasma Fluorometry 
-analysis, dextrorphan in human plasma Bioavailability-dextro- 
methorphan hydrobromide evaluated using fluorometric analysis of 
dextrorphan in human plasma Antitussives-dextromethorphan 
hydrobromide, bioavailability evaluated using fluorometric analysis of 
dextrorphan in human plasma 


Dextromethorphan hydrobromide, a widely accepted, 
nonnarcotic antitussive agent, is a common ingredient in 
many cough<old preparations. Despite its clinical use for 
over two decades, a method for estimating its plasma levels 
in humans has not been published. Presently available 
analytical methods lack the sensitivity needed to deter- 
mine its plasma levels after oral administration of the 
maximum permissible over-the-counter dose of 30 mg’ 
(1). 


The metabolism of dextromethorphan has been studied 
in several species (2-6). Following oral administration, this 
drug is rapidly metabolized; the principal metabolites are 
the 0-demethylated product dextrorphan and its glucu- 
ronide and sulfate ester conjugates. In humans, dextror- 
phan [(+)-3-hydroxy-N-methylmorphinan], (+)-3-hy- 
droxymorphinan, and traces of the unmetabolized drug 
were found in urine after oral administration of the drug 
(6). Enzymatic hydrolysis of urines from patients admin- 
istered dextromethorphan yielded 40-50% of the drug and 


metabolites, mostly in the form of glucuronide and sulfate 
conjugates1. 


Because the blood levels of unmetabolized dextro- 
methorphan were low, another approach was to measure 
the levels of the major metabolites. Dextrorphan was es- 
timated in plasma and urine by paper chromatography (7), 
colorimetric determination of the methyl orange complex 
(8), and radiotracer techniques (9). These methods suffer 
from inherent disadvantages such as a lack of sensitivity 
and cumbersome operation. This report describes a sen- 
sitive and more convenient method for the determination 
of plasma levels of dextrorphan and its conjugates. Its 
applicability to bioavailability studies in humans also is 
demonstrated. 


EXPERIMENTAL 


Plasma Levels of Dextrorphan and Its Conjugates-Plasma (3.0 
ml) was transferred into a glass-stoppered erlenmeyer flask (25 ml). The 
pH was adjusted to 5.5 with 3.0 N acetic acid, and an enzyme solution2 
(0.2 ml) containing 30,000 units of 8-glucuronidase and 10,000 units of 
arylsulfatase was added. The flask was stoppered and incubated a t  37O 
for 2 hr. The incubate was brought to  room temperature, and the pH of 
the contents was adjusted to 9.5 by the addition of a saturated solution 
of sodium carbonate (0.6 ml). 


Spectroscopically pure ethyl acetate (15 ml) was then pipetted into 
the flask, and the contents were shaken for 20 min on a mechanical 
shaker. The mixture was transferred quantitatively into a 30-ml centri- 
fuge tube, and the extract was separated by centrifuging at  3000 rpm for 
15 min. Then an aliquot (12 ml) of the supernate was transferred into a 
stoppered 50-ml erlenmeyer flask containing 3.0 ml of 1.0 N HCl, and 


B. A. Koechlin and F. Rubio, work cited in Ref. 1. * Glusulase, Endo Laboratories, Garden City, NY 11530. 
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Complement: A Host Defense Mechanism Ready for 
Pharmacological Manipulation? 


BRIAN J. JOHNSON 


Keyphrases Complement-mechanism of activation, associated bi- 
ological effects, role in human diseases, inhibitory drugs, review Im- 
munological systems-complement, mechanism of activation, associated 
biological effects, role in human diseases, inhibitory drugs, review 
Anticomplement drugs-complement inhibitors, review 


Complement is a group of 11 serum proteins that com- 
pose the nine different complement components. These 
components' are, in the order activated by the classical 
pathway, C1, C4, C2, C3, C5, C6, C7, C8, and C9. Com- 
plement is an important host defense mechanism against 
bacteria, viruses, and other injurious stimuli. Activation 
can be effected by antigen-antibody complexes, bacterial 
and plant polysaccharides, microbial and tissue enzymes, 
synthetic peptides and polypeptides, and cobra venom 
factor. Following activation, complement releases bio- 
logically active products that can effect increased vascular 
permeability, chemotaxis of polymorphonuclear leuko- 
cytes, enhancement of phagocytosis, and retention of 
leukocytes by immune adherence. 


The past quarter of a century has seen great strides in 
the purification of the various complement components 
and their mechanistic role in the lysis of cellular material. 
All components of the classical pathway were obtained 
functionally pure from human serum (1). The purification 
of the components (Clq, Clr, and Cls) of the first com- 
plement protein C1 was described (2-4). The remaining 
components also were purified (5-11). Physicochemical 
characterization was achieved to varying extents (12). The 
serum concentrations of the various complement compo- 
nents range from traces of C8 and C9 to 1.3 mg/ml for C3. 


This nomenclature follows the WHO recommendations: Bull. WHO, 39,939 
(1968). 


The molecular sizes of these components range from 
100,000 to 200,000 daltons, with the exception of Clq 
(400,000 daltons) and C9 (79,000 daltons). 


MECHANISM OF COMPLEMENT ACTIVATION 


Activation of the complement system can follow two 
pathways. The first, the classical pathway, is probably the 
more studied of the two routes. This pathway (Scheme I) 
is activated by the binding of C1 through its Clq subunit 
to cell-bound antibody and consists of several steps re- 
sulting in the generation of the Cls subunit. The presence 
of Ca2+ ions is a prerequisite for C1 activation. 


. .  
(cell bound)Ag + Ab - Ag.Ab - Ag.Ab.C(I) 


(C2+) 1 (C4) 


(C2) 
Ag.Ab.C(l.4b.Za) + CZai + C2b - Ag.AbC(1.4b)  + C4bi + C4a 


(Mg") IC3) 
/ C3bi 


Ag.Ab.C(l.4b.Za.3b) + C3a + C3b - immunadherence and opsonization 


1 
anaphylatoxin and 
histamine release by 
mast cells 


1 
anaphylatoxin and 
histamine release by 
mast cells 


Ag.AbC(l.4b.Za.3b.5b.6.7) + C5bi + C5a - chemotaxis of neutrophils 1 (C8) 


Ag.AbC( 1 .4b.Za.3b.5b.6 .7 .8)  1 (C9) 


Ag.Ab-C(l.4b.Za.3b.5b.6.7.8.9) - membrane dissolution o r  damage 
(completed sequence) 


Scheme I 
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Usually, only the naturally occurring classes of immu- 
noglobulins, IgG1, IgG2, IgG3, and IgM, are capable of 
binding Clq. Binding of C1 to monomeric IgG and IgM can 
be demonstrated in uitro under certain experimental 
conditions (13). However, a certain amount of aggregation 
of the immunoglobulins is necessary to bind Clq tightly. 
In fact, several studies showed no C1 binding until a critical 
number of IgG molecules had aggregated (14,15). Specif- 
ically for immune hemolysis, at least two IgG molecules in 
close proximity are necessary for complement activation 
(16). 


The next step consists of Ag.AbC( 1)2 enzymatically 
attacking and cleaving C4 into the large C4b fragment and 
a small C4a (15,500 daltons) fragment (17,18). Failure of 
the C4b fragment to bind to the receptor site on the cell 
membrane results in the loss of the receptor site, and the 
C4b fragment becomes lytically inactive C4bi. The next 
occurrence is the absorption of C2 onto the cell-bound C4b. 
This reaction is reversible and requires Mg2+ (19). Com- 
ponent C2 is then cleaved into two fragments, C2a (81,000 
daltons) and C2b (20,21). Component C2b is released, and 
the C2a is bound to C4b to form AgAbC(1.4b-2a). Once 
formed, C(4b.2a) does not require the presence of Mg2+ or 
C( 1) for its action. 


The next sequence concerns the cleavage of C3 by 
C(4b.2a), generating two fragments, C3b and C3a (7200 
daltons) (22,23). Fragment C3a, which has anaphylatoxin 
and chemotactic factor activity, is released into the fluid 
phase. The C3b fragment can become attached to various 
parts of the cell membrane but most probably not to the 
C(4b-2a) site. Thus, the C(4b-2a) enzyme can produce a 
large number of C3b fragments, essentially by an ampli- 
fication mechanism. Any C3b that does not become cell 
bound has a short half-life and becomes inactivated. When 
a C3b fragment binds to the immediate vicinity of the 
C(4b.2a) complex, a new enzyme C(4b.2a.3b) is created 
which can cleave C5. This cleavage produces two products, 
C5b and C5a (15,000 daltons) (24, 25). Product C5a has 
anaphylatoxin and chemotactic activities (26). The C5b 
fragment binds reversibly to the AgAbC( 1.4b-2a.3b) to 
give AgAbC( 1.4b.2a.3b.5b). This reaction is very ineffi- 
cient, resulting in a large amount of C5bi (inactive). 


The lytic activity of C5 is stabilized by the binding of C7 
to form the trimolecular complex C(5b.6-7). Once bound, 
C(5b.6.7) forms a relatively stable site and lysis occurs 
upon reaction with C8 and C9 (27). The C8 component is 
physically absorbed onto the cell-bound C(5b.6.7) complex. 
The cell-bound C8 offers a binding site for C9, which 
completes the formation of a permanent membrane lesion 
on the cell membrane, leading to rapid lysis. 


This discussion illustrated the activation of the com- 
plement system by a cellular antibody-antigen complex. 
However, immune complexes are not the only substances 
that can activate complement uia the classical pathway. 
Other activating substances include protamine-heparin 
complexes (28), synthetic polynucleotides (29), single- 
stranded DNA-lysozyme complexes (30), and complexes 
of the acute phase C-reactive protein (CRP) with pneu- 
mococcal C-polysaccharide, lecithin, sphingomyelin, and 
protamine (31-33). Also, complexes of staphylococcal 


In this review, a modification of the old nomenclature is used; the active complex 
is denoted by enclosure in parentheses rather than by a bar over the complex. 


protein A or of reduced insulin with nonantibody IgG can 
activate the classical pathway (34-36). The evidence for 
the conclusions regarding the abilities of these substances 
to activate the classical pathway rests on their abilities to 
consume in uitro the total serum complement, including 
the early- as well as the late-acting components. 


The second alternative pathway by which the comple- 
ment system is activated was recognized in the study of the 
reaction of complement with naturally occurring materials. 
Only the late-acting components of complement, C3-C9, 
were consumed without the concomitant participation of 
C1, C4, and C2. The materials that accomplish this acti- 
vation are bacterial and plant polysaccharides, bacterial 
lipopolysaccharides, cobra venom, and certain classes of 
immunoglobulins. 


The mechanism of activation is through the generation 
of a C3 and a C5 cleaving enzyme rather than the respec- 
tive classical pathway’s C(4b.2a) and C(4b-2a.3b) enzymes. 
Once C5 is cleaved, activation of the remaining component, 
CS-C9, most probably proceeds uia the classical pathway. 
The initiation of this alternative pathway apparently re- 
quires the participation of a t  least three proteins: pro- 
perdin (P), factor B, and factor D. The presence of C3 is 
obviously needed. Not all of these factors may be required 
for activation by all substances. For example, properdin 
is thought to be necessary for activation of the complement 
system by polysaccharides but not by cobra venom factor 
(37). 


A large amount of work was directed to understanding 
the mechanism of activation of complement via the al- 
ternative pathway. The activating mechanism initiated by 
zymosan was investigated (38,39). Other bacterial poly- 
saccharides and lipopolysaccharides from Gram-negative 
bacteria possess the property similar to that of zymosan 
of binding properdin and inactivating C3-C9 in whole 
serum (40). Properdin was obtained pure (41), factor B was 
identified as a C3 proactivator (42,43), and factor A was 
identified as C3 (44,45). Complement activation by bac- 
terial lipopolysaccharides caused consumption of C3-C9 
without consumption of C1, C4, and C2 (46,47). Recently, 
the C3 and C5 cleaving enzymes on the surface of zymosan 
particles incubated with whole serum were studied (48- 
51). 


Other mechanisms for activation of the alternative 
pathway can involve certain classes of immunoglobulins 
complexed to their homologous antigens. For example, 
guinea pig y l  immunoglobulin complexed with specific 
antigens consumed only the late-acting complement 
components C3-C9 without affecting C1, C4, and C2 (52). 
In contrast, guinea pig y2 consumed C1, C4, and C2 as well 
as C3-C9, indicating activation of the classical pathway 
(53,54). Apparently, the site for the alternative pathway 
activation is in the (Fab)2 portion of the immunoglobulin 
(55,56), whereas the classical pathway activation locus is 
in the Fc portion (57,58). IgA also appears capable of al- 
ternative pathway activation (59). 


Another material that activates complement uia the 
alternative pathway is cobra venom factor. The anticom- 
plementary properties of cobra venom factor were first 
reported by Flexner and Noguchi (60). Cobra venom factor 
inactivates only the late-acting complement components 
without affecting C1, C4, and C2 (61,621. 


Cobra venom factor has been purified using ion-ex- 
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change and gel filtration chromatography and electro- 
phoresis (63-65). It does not act on C3 directly but requires 
a normal serum cofactor. After incubation of cobra venom 
factor with whole serum, C3, C5, C6, C7, C8, and C9 were 
consumed with a concomitant generation of chemotactic 
activity (66). Cobra venom factor lysed unsensitized red 
blood cells, probably indicating the generation of hemo- 
lytically active C(5.6-7) complexes (64,67). The generation 
of fluid phase C(5-6.7) complexes may contribute to the 
cobra venom factor-induced lysis of erythrocytes (68). 
Furthermore, the hemolytic potential of fluid phase 
C(5.6-7) generated during alternative pathway activation 
by cobra venom factor is regulated by C5-6.7 inhibitor 
(68). 


In the first step, cobra venom factor forms a reversible 
complex with factor B (69). Factor B was described under 
various names including properdin factor B (70), p2-gly- 
coprotein type I1 (71), glycine-rich 0-glycoprotein (GBG) 
(721, and C3-proactivator (C3PA) (73). The cobra venom 
factor complex with factor B is then cleaved in the presence 
of Mg2+ ions by the activated factor (D) into Ba (20,000 
daltons) and Bb (60,000 daltons) (73). Fragment Bb re- 
mains bound to the cobra venom factor to form CVF-Bb 
(74). This complex has the ability to cleave C3 into C3a and 
C3b. The active site of this complex, CVF-Bb, resides on 
the Bb portion (75). 


The activated (D) factor is a serine esterase (76). The 
precursor form of D can also be activated by trypsin. Other 
names for this activated (D) factor include C3PA conver- 
tase (44) and GBG-ase (77). A portion of factor D may exist 
in an active state in plasma (76). The generation of the C5 
cleaving enzyme by cobra venom factor is not well under- 
stood (78). Obviously, cobra venom factor, unless admin- 
istered to somebody, does not play a biological role in uiuo. 
However, a cobra venom factor analog perhaps exists in 
human serum (79). 


Component C3b, the larger fragment obtained upon 
cleavage of C3, might be considered as a cobra venom 
factor functional analog. Thus, incubation of C3b with 
factors B and D in the presence of Mg2+ ions results in the 
cleavage of B into Bb, with concomitant generation of C3 
cleaving activity (44). Further evidence for this supposition 
was reported (80) when mixtures of highly purified cobra 
venom factor, factor B, and factor D in the presence of 
Mg2+ were chemotactic for human neutrophilic poly- 
morphonuclear leukocytes. Thus, cleavage of C3 by either 
the classical or alternative pathway, i.e., by C( 1-4b-2a) or 
CVF-Bb, produces C3b. This C3b can then react with 
further quantities of factors B and D to form additional C3 
convertase, probably C3b.Bb, leading to a further C3 
cleavage. This reaction series is an amplification process. 
Furthermore, cell-bound C3b can react with factors B and 
D, giving rise to cell-bound C3-convertase which, upon 
reaction with C3, allows the cascade C3-C9 to occur, re- 
sulting in cell lysis (81). This cell-bound C3-convertase is 
very efficient in cleaving C3. 


Evidence for the similarity between cobra venom factor 
and human C3 was reported (82). Rabbit anti-cobra venom 
factor cross reacts with human C3. However, as shown by 
electrophoresis, there was no change in the mobility of the 
cobra venom factor when incubated with human C3b in- 
activator. Also, there was no reduction in the ability of the 
cobra venom factor to inactivate C3 in normal human 


serum in the presence of this inactivator. However, incu- 
bation of cobra venom factor with cobra serum destroyed 
the ability of the cobra venom factor to induce C3 con- 
version in human serum. Possibly, cobra venom factor is 
altered cobra C3 that has the capacity, like human C3b, to 
activate the alternative pathway. The potent C3-inacti- 
vating activity of cobra venom factor probably derives from 
the fact that the cobra venom factor is not inactivated by 
mammalian C3b inactivator. 


The complement system can also be activated by nu- 
merous enzymes. For example, plasmin activates Cls to 
the active form C(1s) (83). Lysosomal enzymes derived 
from human leukocytes activate Cls (84). Trypsin acti- 
vates Clr to C(1r) (85), and this enzyme can replace C(1s) 
in the formation of C3-convertase from AgAb-C(l.4b) and 
C2 (86). Trypsin can also replace factor (D) in the forma- 
tion of CVF-Bb (74). The enzymes trypsin, plasmin, and 
pronase substitute for the factor (D) in the formation of 
C3-convertase by zymosan (51). Plasmin can directly 
cleave C3 to produce a fragment with chemotactic activity 
(87). Furthermore, trypsin, lysosomal enzymes from 
human leukocytes, and bacterial and tissue proteases can 
also cleave C3 and/or C5 directly to produce chemotactic 
factors and anaphylatoxins (88-91). 


BIOLOGICAL ACTIVITIES ASSOCIATED WITH 
COMPLEMENT ACTIVATION 


The biological activities generated by activation of the 
complement system are evident by acute inflammation and 
cell killing. These effects are manifest in increased vascular 
permeability, chemotaxis of leukocytes, enhanced phag- 
ocytosis, and membrane damage. 


The release of a kinin and two anaphylatoxins results 
in increased vascular permeability. The kinin, which is 
released from C2 during its activation by C(1s) (92,93), is 
distinguishable from bradykinin and, in contrast to the 
anaphylatoxins, has a direct effect on smooth muscle. It 
also is not histamine dependent and possibly plays a major 
role in the pathogenesis of hereditary angioedema (94). 


Fragments C3a (7200 daltons) and C5a (15,000 daltons) 
are powerful anaphylatoxins (22,26,88,92,95,96). Both 
of these materials induce in uitro contraction of guinea pig 
ileum and produce unresponsiveness after repeated ap- 
plications. However, a smooth muscle made unresponsive 
to C3a is still reactive to C5a and vice versa (89). These 
anaph latoxins also enhance vascular permeability and 
cause B egranulation of mast cells. Unlike the kinin released 
from C2, these anaphylatoxins are mediated through re- 
lease of histamine from the granules of mast cells (88, 
89). 


Both anaphylatoxins are chemotactic for leukocytes 
(97-101). The trimolecular complex C(5b-6.7) (27,102) is 
also a potent chemotactic factor. Enhanced phagocytosis 
is another manifestation of the biological activity of com- 
plement. Phagocytosis is enhanced by the coating of cells 
with C3b, an opsonizing agent. Cells carrying C3b receptors 
include primate red cells, polymorphonuclear leukocytes, 
monocytes, and B-lymphocytes (103). This opsonizing 
effect probably is closely related to the capacity of the 
bound C3b to induce immune adherence (104,105). 


ROLE OF COMPLEMENT IN HUMAN DISEASES 


From the discussion of the biological activities of the 
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complement system, it is seen that complement is an im- 
portant in uiuo effector system. Thus, via the anaphyla- 
toxins, histamine may be released, causing smooth muscle 
contraction, peripheral vasodilation, increased vascular 
permeability, and edema. Through the action of its various 
chemotactic factors, polymorphonuclear leukocytes mi- 
grate into the area of complement activation. By providing 
immune adherence sites on surfaces such as the outer 
membranes of cells, the inner surface of blood vessels and 
capillaries, and deposits of immune precipitates, comple- 
ment causes localization of chemotactically attracted or 
randomly moving leukocytes. In addition, through its 
opsonization function, it facilitates phagocytosis. Thus, 
complement is a very important host defense mecha- 
nism. 


However, these advantageous biological activities of 
complement may become detrimental. For example, in 
acute glomerulonephritis, a deposition of an immune 
complex of y-globulin and C3 along the glomerular capil- 
lary walls and in the mesangium (106-108) is seen. Serum 
complement component determinations indicate an acute 
reduction in circulating C1, C2, C3, C4, and C5 (109-113). 
The presence of bound complement in association with 
bound antibody in the kidneys strongly suggests that 
complement plays a role in the production of tissue damage 
in this disease. 


In systemic lupus erythematosus, there is evidence that 
complement participates in the production of generalized 
tissue damage. There is usually a severe lowering of the 
serum level of multiple complement components (110, 
112). The most probable cause of low serum hemolytic 
activity and increased complement catabolism is con- 
sumption of complement by circulating and localized im- 
mune complexes. The pattern of deposition of immuno- 
globulins and complement seen in blood vessels in nu- 
merous organs and the glomeruli is similar to that found 
in immune complex deposition diseases such as serum 
sickness (108,114,115). Bound complement has also been 
found in the skin in areas of the lupus rash but not in ad- 
joining clinically normal skin (116). 


Eluates of diseased kidneys reveal the presence of DNA 
(117) and anti-DNA (117,118) in addition to antibody to 
various other antigens (117,118). DNA-anti-DNA (119) 
and other complexes are complement fixing (116, 117). 
Lupus probably is caused by circulating complement- 
fixing immune complexes that become trapped and lo- 
calized in various organs. Therefore, these complexes can 
trigger the complement system and cause tissue damage 
and inflammation. 


Other diseases involving complement are the autoim- 
mune hemolytic anemias. In many cases, the red cells are 
coated with complement proteins in the absence of de- 
tectable antibody (120). Possibly, the sensitivity of the 
detection systems used is too low for visualizing the anti- 
body. Another possible explanation for this coating is a 
disease-related change in the red cell membrane that 
permits binding of complement without participation of 
antibody. 


Rheumatoid arthritis is another disease that involves 
the complement system. Its cause is unknown, and the 
reason for joint predilection with the events leading to a 
generalized disease are poorly understood. However, there 
is no doubt that complement activation, with its potential 


for tissue damage, occurs within the joint space and 
probably explains the inflammatory symptoms. Thus, in 
the synovial joint fluid of patients with rheumatoid ar- 
thritis, whole complement (121,122), C1 (123), C2 (121), 
and C4 (121,123) are markedly depressed. Also y-globulin, 
C3, and C4 are regularly deposited in the synovium of 
patients with active disease (124,125). Rheumatoid joint 
fluids often contain leukocytes with inclusion bodies, and 
some of these inclusions contain y -globulin. These findings 
indicate extensive activation of the complement system 
within the joint space. 


Transplantation of tissue from genetically dissimilar 
patients obviously introduces new antigenic sites in the 
recipient. Even with extensive tissue typing of such his- 
tocompatibility antigens, the possible introduction of 
foreign immunogens always remains. 


In studies on renal allograft rejection, two events appear 
to be necessary to sensitize the host. Immediately after 
transplantation, antigen from the donor organ is shed into 
the systemic circulation of the recipient by way of the renal 
vein. Processing of this antigen by macrophages may be 
necessary to transfer antigens to a form that causes sen- 
sitization of lymphocytes. Possibly, the RNA of the ma- 
crophage is linked to some part of the antigen that reaches 
a regional lymph node. This event initiates conversion of 
lymphocytes to lymphoblasts, which, in turn, divide to 
produce lymphocytes specifically sensitized to the graft. 


Immune globulin produced by the sensitized lympho- 
cyte (or plasma cells) may also be released as circulating 
antibody against the graft. Circulating lymphocytes are 
capable of being sensitized during their passage through 
the graft, perhaps by direct contact with antigens con- 
tained on the vascular endothelium of the graft. These 
sensitized lymphocytes homing to a lymph node may 
represent a population of sensitized lymphocytes that 
produce immune globulin specific for the graft. Both 
sensitized lymphoid cells (126) and humoral antibody from 
patients sensitized by previous kidney grafts (127) have 
been shown to be responsible for destruction of kidney cells 
cultured in uitro or utilized as a monolayer substrate. The 
destruction of the graft probably is mediated by both the 
immune cellular and humoral responses. This combination 
results in the release of macrophage migration inhibitory 
factor (MIF), which causes the clustering of monocytes at  
the vascular endothelium. Fixation of antibody activates 
the complement system with the release of chemotactic 
factor, leading to the accumulation of polymorphonuclear 
leukocytes. 


Prolonged renal allograft rejection reactions in humans 
are characterized by reduced levels of C2 (128) and C3 
(129), although in early rejection episodes the complement 
levels are variable and may be normal, elevated, or de- 
pressed (130). Three turnover studies with radiolabeled 
C3 and C4 were reported (131). Two of the C4 recipients 
and all of the C3 recipients showed increased rates of ca- 
tabolism of the protein during rejection episodes. Fur- 
thermore, C1 and C3 were found in bound form in rejected 
renal allografts (132, 133). However, the role of comple- 
ment in allograft rejection is far from clear. Thus, in dogs 
and mice, rejection episodes did not decrease complement 
levels, and complement suppression had no influence on 
rejection (134). (%Deficient mice reject skin grafts nor- 
mally (135), and studies with C6-deficient rabbits indi- 
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cated a significant prolongation of skin grafts in about half 
of the recipients (136). These data suggest that there may 
be two distinct pathways for rejection, only one of which 
is complement dependent. 


The difference in. tissue antigens between donor and 
recipient and the strength of these antigens may modify 
the histological and clinical phenomena accompanying the 
rejection. Thus, grafts between species are apt to be re- 
jected violently, whereas those between identical twins 
undergo no rejection. However, this latter case is very 
uncommon in practice. Thus, the donor and recipient can 
be matched closely with such techniques as mixed lym- 
phocyte culture and direct cross-matching using recipient 
serum and donor cells. However, even after these precau- 
tions, immunosuppressive drugs such as azathioprine, 
corticosteroids, and antilymphocyte globuIin are still re- 
quired. 


These drugs can act at various levels of the immune re- 
sponse, including (a )  interference with the initial sensiti- 
zation or recognition of an antigen, ( b )  depression of the 
cellular proliferative response. of either the cellular or 
humoral type, ( c ) ~  interference with the function of the 
complement-sensitized cells, or ( d )  interference with the 
function of the secondary mediators that produce damage 
following interaction of antibody and tissue antigens. 
These drugs have serious side effects such as alopecia, 
anemia, leukopenia, hepatitis, bone marrow depression, 
nausea, vomiting, stomatitis, hyperglycemia, peptic ul- 
ceration, GI bleeding, and aseptic bond necrosis. The an- 
tilymphocyte globulin treatment has been reported to 
cause pain at  the injection site, fever, and, in rare cases, 
anaphylaxis and thrombocytopenia. 


SEARCH FOR ANTICOMPLEMENT DRUGS 


One approach to immunosuppression would be to affect 
the complement system. Possibly by inhibiting or lowering 
the complement levels in the host by nontoxic anticom- 
plement drugs, a useful therapeutic tool would become 
available. Such drugs would be useful not only for treating 
transplantation rejection but also for alleviating the dis- 
tress caused by autoimmune diseases and those diseases 
where deposition of immune complexes can activate the 
complement system, e.g., acute glomerulonephritis. 


The idea of inhibiting or controlling the complement 
system is not new. Indeed, a natural control mechanism 
is built into the complement system itself, namely, the 
instability of the activated components such as C(4b-2a) 
and C(4b.2a-3b-5b). The rapid decay of these intermediates 
serves as a self-limiting mechanism. Moreover, there are 
naturally occurring inhibitors such as the C1 inhibitor 
(ClINH) and the C3b inactivator (CSbINA), also known 
as conglutinogen activating factor (KAF). The C1 inhibitor 
combines stoichiometrically with C(1s) to inhibit its he- 
molytic and esterolytic activities (137,138). This inhibitor 
also inhibits the enzymatic activity of C(1r) (139), and it 
can block the action of other enzymes such as plasmin 
(140), kallikrein (141), and Hageman factor (142). 


The inactivator C3bINA inhibits the hemolytic and 
immune adherence activities of bound and fluid phase C3b 
by cleaving it into two smaller fragments, C3d and C3c 
(143-147). The biological significance of these inhibitors 
of C1 and C3b is illustrated in patients deficient in them. 


Patients deficient in C1 inhibitor illustrate hereditary 
angioneurotic edema characterized by recurrent episodes 
of circumscribed edema of the skin, larynx, and intestinal 
mucosa (148). This edema is most probably due to un- 
controlled activation of C1. The genetic deficiency of the 
C3b inhibitor increases the susceptibility of patients to 
pyogenic bacterial infections (149-151). Inactivators to C6 
(143) and of C4b (152) also have been described. Recently, 
the C(5.6.7) inhibitor was discussed (153,154); it acts upon 
C(5.6-7) reversibly in the fluid phase to prevent its at- 
tachment to bystanding erythrocytes during the short time 
the binding site of C(5.6.7) is active. 


Synthetic inhibitors of the complement system have 
been used and reviewed (155). Ideally, it should be possible 
to obtain a series of inhibitors that inhibit specifically each 
complement component. However, this has not been 
achieved in practice. Indeed, one can argue that an in- 
hibitor to be used as a therapeutic agent in humans need 
not have a stringent specificity of action for a particular 
complement component. As long as the action of the in- 
hibitor on noncomplement systems does not lead to toxic 
effects, a certain degree of nonspecificity might even be 
desirable. 


For example, if an inhibitor only affected C8 or C9, then 
the lytic properties of complement would be affected but 
not the production of the kinins, anaphylatoxins, and 
immune adherence fragments. Similarly, inhibition of the 
early-acting components might prevent activation of 
complement by the classical pathway, C1, C4, and C2, but 
not by the alternative pathway triggered at C3. Such a 
situation would be advantageous if a given immune com- 
plex only caused complement activation through the 
classical pathway. Thus, in designing an inhibitor, there 
are advantages in trying to obtain a material that inhibits 
either all of the complement components or just C3. This 
latter approach seems easier. 


In the complement cascade, activation of one component 
then causes activation of the next in the sequence. Thus, 
an inhibitor, if it is to be effective, must be able to react 
with the active site of the particular complement enzyme 
in the short time interval between activation of the com- 
plement enzyme and reaction of the activated enzyme with 
the next component. An effective inhibitor must not only 
be very active in its action, but it should be present in high 
concentration. Many complement components not only 
have enzyme active sites but also have combining sites. 
Thus, inhibitors can be designed for blocking such binding 
sites, e.g., C3b to the cell membrane. However, the re- 
quirements of high activity and high concentration of in- 
hibitor are necessary. 


Complement inhibitors have been used for a number of 
distinct purposes. One use has been to study the nature of 
the complement components and the mechanisms of their 
action, as in the studies with organophosphorus inhibitors 
such as isoflurophate (diisopropyl phosphorofluoridate) 
and phosphonate esters. Another use for complement in- 
hibitors is to obtain evidence that a certain biological ac- 
tivity requires, or does not require, complement. Thus, for 
in uiuo reactions, it is necessary to have an inhibitor that 
is highly active and highly specific. This latter requirement 
is difficult to obtain; cobra venom factor, a naturally oc- 
curring activator of complement, probably comes closest 
to the ideal. When inhibitors are used to determine com- 
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plement dependency, specificity is crucial. This inability 
to obtain synthetic materials possessing high specificity 
in their actions has led to the development of animals that 
are genetically deficient in a particular complement 
component. 


Isoflurophate inhibits the activity of whole complement 
(156); it acts upon C(1) (157) by inhibiting C(1s) (158). 
This result is not surprising, since isoflurophate inactivates 
serine esterases. Baker and coworkers (159-161) synthe- 
sized a series of sulfonyl fluorides, many of which were ir- 
reversible inhibitors of C(l) ,  and suggested that C(1) 
contained an anionic site in its active center. This con- 
clusion was based on the ability of tosyl-L-arginine methyl 
ester to be a substrate for C(1). Indeed, this ester com- 
petitively interferes with the hemolytic activity of C( 1) 
(162). 


Bing and coworkers (163-165) showed that various ar- 
omatic compounds competitively inhibited the esterase 
activity of C(1s) and suggested that C(1s) possessed not 
only an anionic but also a hydrophobic site in its active 
center. t-Aminocaproic acid in high concentrations pre- 
vents the activation of C1 to C(1) in its inhibition of the 
hemolytic activity of whole complement (166). Selective 
inhibition of C1 without effect on C4, C2, C3, and C9 levels 
in whole serum recently was reported (167). Furthermore, 
the effect was reversible by dialysis. In another study (168), 
high levels of c-aminocaproic acid enhanced the cleavage 
of C3 with the accompanying appearance of the biologi- 
cally active C3a. However, low levels of c-aminocaproic acid 
inhibited, rather than enhanced, C3 cleavage in serum. The 
inhibitory activity of t-aminocaproic acid was attributed 
to its interaction with the properdin factors. The en- 
hancing effect of this t-aminocaproic acid is thought to be 
due to its inhibitory effects on the C3b inactivator 
(168). 


These inhibitors of C1 afford insights into the mecha- 
nism and nature of the active site of C(1). However, it is 
doubtful if these materials would be too useful for in viuo 
suppression of complement levels, since the biological 
activities of the complement fragments could still arise 
through activation of complement by the alternative 
pathway. 


The aromatic amino acid derivatives or inhibitors of 
complement suggest that one component of complement 
might be a proteolytic enzyme with enhanced activity 
toward such moieties (169). The aromatic derivatives 
competitively inhibited the action of Ag-Ab.C( 1.4b-2a.3b) 
in forming the heat-stable intermediate Ag-Ab.C( b4b. 
2a.3b.5b-6-7) (170). This result then leads to the direct 
demonstration that C( 1-4b.2a.3b) has peptidase activity 
for aromatic amino acid derivatives such as glycyl-L-ty- 
rosine (171, 172). 


Inhibitors of the binding sites of the various complement 
components have been investigated. Benzoxycarbonyl- 
L-glutamyl-L-tyrosine (173) and maleopimaric and 
maleofumaric acids presumably dissociate the activated 
C(5-6-7) complex (174, 175). Several diamines dissociate 
the activated Cl ,  C(l), from the antigen-antibody com- 
plex, probably by chelating the Ca2+ ions necessary for the 
binding between Clq and the other C1 subcomponents 
(169). 


Maleopimaric and maleofumaric acids are potent in- 
hibitors of complement in uitro. Fumaropimaric acid given 


repeatedly over 3-4 days reduced complement levels (176), 
but its mode of action is not known. 


Copper-chlorophyllin inhibited anaphylaxis (177), and 
this effect was related to inhibition of complement. This 
conclusion was confirmed (178); the inhibition of com- 
plement occurs at the reaction of AgAb.C( 1.4b-2a.3b) with 
c5.  


Heparin has been long known to possess anticomple- 
mentary activity. Its major activity is reported to be with 
C1 (179). Interactions of heparin and protamine in fresh 
human serum, in amounts far below those required for 
complement depletion by either agent alone, induced 
virtually complete removal of total hemolytic complement 
activity (180). The predominant complement component 
depleted was C1. I t  has been suggested (180) that the re- 
action between heparin and protamine, like the interaction 
between antibody and antigen, markedly enhances the 
ability of heparin to interact with the first component of 
complement and that this activation goes through the 
classical pathway. It was also suggested (180) that inter- 
actions between certain polycations and polyanions, sim- 
ilar to those between antibodies and antigens, may have 
a role in the initiation of the inflammatory response. 


However, in another study using multiple polyanions 
and polycations, a test for their ability to influence for- 
mation of EC(5.6.7) from C(5-6), C7, and sheep erythro- 
cytes (E) was performed (181). Six of the 11 polyanions 
tested, including polyanethol sulfonate, heparin, and 
dextran sulfate, inhibited this reaction. By contrast, five 
of seven polycations, including polybrene, protarnine, and 
polyornithine, potentiated formation of EC(5.6-7). This 
inhibition seemed to mimic the C(5-6.7)INH, while the 
potentiation seemed to involve the neutralization of this 
inhibitor (180). 


Various polyanions alone react with the first component 
of complement (139,182-187). The effect of eight different 
polyanions on the fluid phase and on bound C(l) as well 
as on purified C4 and C2 was tested (188). The polyanions 
were dextran sulfate, polyvinyl sulfate, polyanethol sul- 
fonate, heparin, polyionsinic acid, chrondroitin sulfate, 
germinin, and pentosan-polysulfoester. These polyanions 
had no effect on purified C4 and C2, but they showed a 
strong inhibition of C( I) activity. Further investigation of 
the mode of interaction of some of these polyanions (189) 
indicated that they prevented the uptake of C2 by EA-C4b, 
where EA represents sensitized sheep erythrocytes. In 
contrast, treatment of the complex EAC4b-2 with poly- 
anions led to the dissociation into EAC4b and C2. 


Some synthetic polyanionic polypeptides were screened 
in this laboratory for their anticomplementary activities. 
The assay involved incubating the synthetic polypeptide 
with human serum and then, after dilution, performing a 
CH50 determination (190). Comparison of the number of 
CHS0 units in the control with the number of CH50 units 
remaining in the test sample gave the amount of comple- 
ment consumed (Table I). 


Materials possessing aromatic moieties as well as the 
anionic groups consume complement. This criterion covers 
such diverse compounds as I and XXII (Table I). Com- 
pound I has a polypeptide backbone, and the aromatic, 
tyrosyl group is adjacent to the anionic glutamyl residue; 
XXII has a carbon backbone, and the aromatic and anionic 
moieties are randomly arrayed. This requirement of an 
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Table I-Com~lement-Consuminz Abilities of Polvanions 


Assigned 
Number ComDound" 


Moles of Amino Number of CHso 
Acid Bound per Percentage of Units Removed 


Gram of Polvmer CHm Removed uer Millieram of Material 


- Human IgGl - - 
I (Tyr-Glu-Ala-G1 y ) ,, G1 y Equimolar 100 


I1 (Phe-Glu-Ala-Gly),Gly Equimolar 0 
I11 (Trp-Glu-Ala-Gly),Gly Equimolar 25 
IV (Tyr-7-Glu-Ala-Gly),Gly Equimolar 32 
V (Tyr-Glu-Gly-Gly),Gly Equimolar 30 


VI (Tyr-Glu-Ala-&Ala),Gly Equimolar 100 
VII (Ala-Glu-Ala-Gly),Gly Equimolar 0 


VIII (Glu), Equimolar 0 
IX (Glu-Ala), Equimolar 0 
X (Glu-Ala-Tyr&, (3.6:6.7:0.25) X 0 


XI (Glu-Ala-Tyrlo), (3.4:6.3:0.61) X 0 
XI1 (Maleic acid-vinyl methyl ether), 0 0 


XI11 (Maleic acid-Tyr-methyl ether), 1.44 x 10-3 100 
XIV (Maleic acid-Phe-vinyl methyl ether), 1.40 X 100 
XV (Maleic acid-His-vinyl methyl ether), 1.10 x 10-3 0 


XVI (Maleic acid-Leu-vinyl methyl ether), 1.20 x 10-3 0 
XVII (Maleic acid-Pro-vinyl methyl ether), 1.77 X 0 


XVIII (Maleic acid-Gly-vinyl methyl ether), 1.70 x 10-3 0 
XIX (Maleic acid-Lys-vinyl methyl ether), 1.67 X 0 
XX (Maleic acid-Trp-Gly-vinyl methyl ether), 1.35 x 10-3 100 


XXI (Maleic acid-styrene), 0 100 
XXII (Maleic acid-styrene-Tyr), 0.75 x 10-3 100 


0 Molecular weight greater than 30,000 daltons. By 2000 wg. 


aromatic moiety is illustrated by comparison of I and VII. 
Replacement of the tyrosyl residue in I by an alanyl moiety 
as in polymer VII produces a complete loss of comp1e.- 
ment-consuming ability. 


Further evidence for the necessity of an aromatic residue 
is evident by comparison of XII, XIII, XIV, and XX. These 
materials are identical, except that polymers XIII, XIV, 
and XX have small amounts of aromatic residues attached 
to them. These residues are necessarily next to the anionic 
carboxyl residue, since these polymers were synthesized 
from the precursor polymer poly(ma1eic anhydride-vinyl 
methyl ether). Thus, XI11 could be thought of as having 
repeating tyrosyl and carboxyl moieties along a carbon 
chain, somewhat analogous to I. Although 11, X, and XI all 
have aromatic and anionic moieties, none consume com- 
plement. Compounds X and XI are random copolymers. 
It is possible that insufficient tyrosine is incorporated in 
them to satisfy the aromatic requirement or that the ty- 
rosy1 residues are not adjacent to the anionic carboxyl 
group of glutamic acid. 


A weight basis comparison of the amounts of each 
polymer and the human immunoglobulin IgGl to remove 
half of the available CH50 units per milliliter of human 
serum is given in Table I. Polymer I has half of the capa- 
bility of the human immunoglobulin IgGl to consume 
complement, whereas the other polymers are somewhat 
better. Comparison of the tyrosyl-substituted XXII with 
the unsubstituted XXI further indicates the role of the 
tyrosyl residue. The complement-consuming ability of the 
polymer is increased by 20% when this residue is incorpo- 
rated. The potent anticomplementary activity of poly- 
(maleic acid-styrene) indicates that the necessary struc- 
tural requirement for anticomplementary activity in this 
series occurs when a carboxyl group is in close proximity 
to a side-chain carboxyl group. This requirement may 
possibly explain the lack of anticomplementary activity 
of the random copolymers X and XI, which possess small 
amounts of tyrosine. Since their sequences are random, 
there is the possibility that the tyrosyl residues are not 


30.7 
15.4 
- 


- 


58.9 
43.5 
- 


87.0 
105.3 


situated in the correct sequence for anticomplementary 
activity. 


Another area being pursued vigorously in this laboratory 
is the synthesis of peptides based on the knowledge of the 
complement-fixing sites of immunoglobulins. The modi- 
fication of a few tryptophan residues in rabbit IgG and Fc 
with 2-hydroxy-5-nitrobenzyl bromide eliminated the 
anticomplementary activity of these protein molecules in 
the presence of whole guinea pig complement, but it did 
not significantly alter their Clq-binding capacity (191, 
192). Furthermore, a particular tryptophan residue of V, 
a cleavage peptide of rabbit Fc, was most probably re- 
sponsible for this change in anticomplementary activity. 
According to studies on the amino acid sequences of rabbit 
heavy chains (1931, tryptophan residue No. 277 at the 
N-terminal side of the carbohydrate group and within the 
first intrachain disulfide bridge of the Fc appeared to be 
involved in complement fixation. Other reports (57, 58, 
194-197) also indicated that the anticomplementary ac- 
tivity of IgG was associated with the Cy2 domain of the 
immunoglobulin. 


To define more closely the residues participating in the 
complement-binding and/or complement-fixing site of a 
human IgG1, human IgGl was modified by dansylation 
(198-200), nitration (201), and alkylation with 2-hy- 
droxy-5-nitrobenzyl bromide (191) and 2,3-butanedione 
reagent (202). The alkylation of human IgGl with 2-hy- 
droxy-5-nitrobenzyl bromide reduced its ability to con- 
sume complement. This result agrees with that already 
reported for rabbit IgG (191). Similarly, nitration, dan- 
sylation, and arginine modification with 2,3-butanedione 
each lowered the anticomplementary abilities of human 
IgG1. These results imply that the amino acid residues, 
tryptophan, lysine, arginine, and tyrosine (203), constitute 
part of the active site of the complement-fixing locus 
and/or part of the C1 binding site of the immunoglobu- 
lin. 


Comparison of some amino acid sequences of the com- 
plement-fixing immunoglobulins of human IgGl (2041, 
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Table 11-Sequence Comparisons of Various Immunoglobulins Possessing the  Tryptophan Residue Implicated in Complement 
Fixation 


Immunoglobulin 
C H ~  Domain 


Human IgGl 
Guinea pig IgG2 
Rabbit IgG 
Murine IgG2a 
Human IgMa 
Human IgM 


a Cu4 domain. 


Amino Acid 
Residues 
271-283 Pro Gln Val Lys Phe 
271-283 Pro Glu Val Gln Phe - ..- 
271-283 Pro Glu Val Glx Phe 
271-283 Pro Asp Val Gln Ile 
482-494 Ala Asp Val Phe Val 
264-276 Phe Ser Pro Arg Gln 


guinea pigIgG2 (205), mouse IgG2 (197), rabbit IgG (206), 
and human IgM (207) is given in Table 11. Several peptides 
based on these sequences were synthesized; those peptides 
that mimicked the sequences around the tryptophan res- 
idue at position 277 of human IgGl fixed complement 
(208). These results confirm the hypothesis (183) that this 
tryptophan moiety is part of the complement-fixing site 
(209). These sequences surrounding this aromatic amino 
acid are hydrophobic and also contain anionic side-chain 
amino acid residues. These observations correlate quite 
well with previous work. 


At  the moment, neither in uiuo studies nor the mecha- 
nisms of action of these materials have been investigated. 
However, due to their low molecular weights, these mate- 
rials are not expected to be antigenic; should they lower 
complement levels in uiuo, they should be capable of 
pharmacological manipulation. 


CONCLUSIONS 


Under normal circumstances, the complement system 
is a potent natural defense mechanism of the host. How- 
ever, in certain situations, this mechanism can be disad- 
vantageous, i .e.,  in transplantation rejection, autoimmune 
diseases, and other diseases where deposition of immune 
complexes can activate the complement system such as 
acute glomerulonephritis. The time has come for the de- 
velopment of anticomplement drugs to alleviate this 
problem. Such drugs would ideally be specific for a par- 
ticular complement component and also have a low toxicity 
and antigenicity. 


The most promising area to exploit would be drugs that 
affect the third complement component, since activation 
of the complement system by either the classical or the 
alternative pathway involves this component. Indeed, 
lowering of the level of C3, or its temporary elimination, 
in the patient would reduce production of the anaphyla- 
toxin C3a and its concomitant detrimental biological ac- 
tivity. At the moment, small peptides based on the se- 
quences of known anticomplement materials such as the 
immunoglobulins appear promising. However, further 
investigations on the complement active sites of other 
anticomplement materials such as cobra venom factor are 
required. Such information will be of value in designing 
materials that specifically bind or activate particular 
complement components. 


Another avenue of approach to this problem is the use 
of high molecular weight polyions. Even though some of 
these materials are antigenic @lo), they may have thera- 
peutic value if used in in uitro situations. For example, 
several investigators (211-213) suggested that complement 
plays an immunopathological role in the inflammatory 
periodontal disease process. The gingival crevicular fluid 


Seauence 
Val Asp Gly Val Gln 


Thr Trp Trp 2; Val Asp Asn Lys Pro 
Thr Trp Tyr Ile ASX Glu Gln Val 
Ser Trp Phe Val Asp Asn Val Glu 
Glu Trp Met Gln Arg Gly Glu Pro 
Val Trp Ser Leu Arg Glu Gly Lys 


from normal patients possesses the complement compo- 
nents C3, C4, and C5; that from patients with inflamed 
gingiva contains properdin factor B and electrophoretically 
converted C3 (214). In addition, the functional nature of 
complement components in the crevicular fluid from 
periodontal patients was demonstrated (215). 


If the levels of complement could be lowered in the 
gingival crevicular fluid, then tissue damage and inflam- 
mation due to complement activation could be controlled. 
Gingival crevicular fluid possesses some similarity to serum 
(216,217); since some of the polyanionic polymers are good 
serum complement-removing materials, these polymers 
may find therapeutic use for patients with periodontal 
disease. 
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Mechanism of Surface Lubrication: Influence of 
Duration of Lubricant-Excipient 
Mixing on Processing Characteristics of 
Powders and Properties of Compressed Tablets 


A. C. SHAHX and A. R. MLODOZENIEC 


Abstract A mathematical expression for tablet hardness was related 
to lubricant mixing by considering increases in the surface coverage with 
prolonged mixing time. The duration of lubricant mixing significantly 
changed the apparent bulk volume of the mix, ejection force during 
tableting, hardness, and disintegration and dissolution properties of 
tablets. These findings may provide some rationale for the changes in 
processing characteristics and properties of finished drug products often 
encountered in the scale-up of solid dosage formulations. Several lubri- 
cation mechanisms are discussed in connection with the duration of 
mixing effects and scanning microscopy studies. 


Keyphrases Tablets, compressed-effect of duration of lubricant- 
excipient mixing on physical properties Powders-effect of duration 
of lubricant-excipient mixing on processing characteristics II Lubrica- 
tion, surface-effect of duration of lubricant-excipient mixing on physical 
properties of tablets and processing characteristics of powders 0 Dosage 
forms-tablets compressed, effect of duration of lubricant-excipient 
mixing on physical properties 


The formulation of a solid dosage form often requires 
precise processing control of the powder mixture to ensure 
a volumetric delivery of a homogeneous aliquot. Thus, 
various adjuvants are gravimetrically added to form the 
bulk mix to achieve uniform mixing and flow of the pow- 
ders as in capsule or tablet die filling. 


In tablet formulation, a lubricant usually permits res- 
olution of several production problems related to com- 
pression. As an essential unit operation in the production 
of a compressed tablet, lubrication facilitates glidancy of 
the powders during material flow, eliminates binding of 
the compact to the die, and minimizes sticking and picking 
by the punch face surfaces in contact with the compressed 
tablet. Lubrication, in general, involves adding small 
quantities of an antifriction agent to powders or granules 
and mixing them for a specified time. 


BACKGROUND 
Many studies evaluated different types of lubricants (1-51, the influ- 


ence of lubricant concentration (6,7), the relationship between lubricant 
effects and tablet properties (hardness and disintegration) (8,9), and 
changes in physical properties of powder mixes as a function of lubrica- 
tion (10-15). Few of these studies, however, concerned the influence of 
mixing time on the processing characteristics of the powder and, espe- 
cially, the performance properties of the compressed tablet. 


Properties of the compact critical to its performance include the 
ejection force, tablet hardness, disintegration, and dissolution. I t  is 
generally recognized that a lubricant modifies these properties. However, 
the duration of mixing in the lubricant component may not only affect 
the properties of the compact but also the properties of the blended 
mixture by altering the apparent bulk volume, the compression force 
required to make a prescribed compact, and the hydrophobic character 
of the mixture. The research studies described in this report concerned 
the interdependency of these physical properties for several model sys- 
tems designed to test the effects of mixing time. 


Previous mixing studies dealt with the homogeneity of the mixture 
(16-20), evaluations of mixing equipment (21-23), and segregation ki- 
netics associated with model systems (24-27). This work emphasized the 
importance of solid-solid mixing related to drug distribution and ho- 
mogeneity of the mix. Since content uniformity of the active ingredient 
is a primary control for accurately dosing a patient with a unit dosage 
form, emphasis is always given to the final composition of the assayed 
tablet or other dose form. Nonetheless, the release characteristics and 
performance criteria (such as physical integrity and stability) also rely 
on the nature and extent of distribution of inert excipients as well as the 
active ingredient. Of significance is the lubricant-excipient interaction 
and the manner in which these materials are affected by mixing. Possibly, 
mixing times can modify the intended role of these adjuvants, in some 
cases altering or diminishing their primary function. 


The present work investigated the mixing of direct compaction ex- 
cipients such as lactose and microcrystalline cellulose with various 
commonly used lubricants. Furthermore, the occasional nonpredicted 
increased disintegration time of a compressed tablet associated with a 
decreased hardness or crushing force requirement prompted an inves- 
tigation of the effects of lubricants (e.g., stearates) and mixing duration 
on the physical properties of a blended mixture and compact. 
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had dissolved after 15 min. The tw  values for the first-order, second- 
order, and Weibull distribution curves were 30, 11.6, and 19 min, re- 
spectively. These results support the utility of the Weibull cumulative 
distribution equation in the linearization of experimental data. 
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Influence of Metoclopramide and Propantheline on 
GI Absorption of Griseofulvin in Rats 


F. JAMALI and J. E. AXELSON" 


Abstract The effect of metoclopramide and propantheline pread- 
ministration on the plasma levels of orally administered griseofulvin was 
studied. Griseofulvin was administered as an aqueous suspension in 0.5% 
polysorbate 80 or as a 100% polyethylene glycol 600 solution. Metoclo- 
pramide preadministration increased the gastric emptying rate, but 
propantheline retarded it. The effect on griseofulvin absorption induced 
by metoclopramide and propantheline was sharply dependent upon the 
dosage form of griseofulvin administered. When griseofulvin was ad- 
ministered as a suspension dosage form following metoclopramide ad- 
ministration, the griseofulvin peak plasma concentration was reduced 
by 59% while a concurrent 50% reduction in relative bioavailability was 
observed. Pretreatment with metoclopramide resulted in a shift of the 
time required for attainment of the peak plasma griseofulvin concen- 
tration. In contrast, metoclopramide administration prior to a dose of 
griseofulvin dissolved in 100% polyethylene glycol 600 sharply increased 
both the relative bioavailability and the maximum plasma level of 
griseofulvin by 234 and 145%, respectively. Propantheline administration 
prior to a single dose of griseofulvin suspension decreased the maximum 
plasma level by 30% and delayed the time of its attainment from 5.78 to 
19.00 hr with a 50% increase in relative .availability. When griseofulvin 
was administered as a 100% polyethylene glycol solution dosage form, 
propantheline preadministration reduced both the maximum plasma 
level and the area under the plasma concentration-time curve by 64 and 
44%, respectively. 


Keyphrases Griseofulvin-GI absorption, effect of metoclopramide 
and propantheline preadministration, rats Metoclopramide-effect 
of preadministration on GI absorption of griseofulvin, rats 0 Pro- 
pantheline-effect of preadministration on GI absorption of griseofulvin, 
rats 0 Absorption, GI-griseofulvin, effect of metoclopramide and 
propantheline preadministration, rats GI absorption-griseofulvin, 
effect of metoclopramide and propantheline preadministration, rats 
Antifungal agents-griseofulvin, GI absorption, effect of metoclopramide 
and propantheline preadministration, rats Antiemetics-metoclo- 
pramide, effect of preadministration on GI absorption of griseofulvin, 
rats Anticholinergic agents-propantheline, effect of preadministration 
on GI absorption of griseofulvin, rats 


Griseofulvin, a chemically neutral systemic antifungal 
antibiotic, is commonly used in the treatment of derma- 
tophyte infections in humans (1-4) and domestic animals 
(5). As a result of inherently poor aqueous solubility (ap- 
proximately 15 mghiter a t  37O), the drug is slowly, errati- 
cally, and incompletely absorbed from the human GI tract 


(6). However, it is an exceptionally effective antifungal 
agent after oral administration. 


Because griseofulvin is poorly absorbed, it has been used 
as an investigational model to examine various parameters 
affecting drug absorption. Its slow and erratic absorption 
characteristics are the direct result of unusually slow dis- 
solution after oral administration as a solid dosage form. 
Early experimentation with griseofulvin led to classical 
observations about the effect of particle-size reduction (7), 
surfactants (8), and dietary lipids (9) on the absorption of 
a drug with low solubility and poor availability. 


The effects of particle-size reduction (7), micellar 
solubilization (lo), molecular dispersion (ll), and emul- 
sification (12) on improving the absorption of poorly ab- 
sorbed drugs are well recognized. However, far less is 
known about the effect of GI motility on the absorption 
of poorly absorbed drugs (13-15). Since griseofulvin is a 
very poorly soluble drug and its absorption takes place 
largely in the intestine (16), it was desirable to study the 
effect of gastric emptying and GI motility on its absorp- 
tion. Metoclopramide (13) and propantheline (13-15) were 
used successfully as investigational probes in similar ab- 
sorption studies to increase or decrease GI motility, re- 
spectively. 


The purpose of this work is to demonstrate the effect of 
changes in GI motility on the relative availability of 
griseofulvin after preadministration of motility-modifying 
agents. 


EXPERIMENTAL 


Dosage Forms-Micronized griseofulvinl (specific surface area of 1.32 
m2/g) was used in the preparation of two dosage forms. The first prepa- 
ration was an aqueous suspension containing 25 mg of micronized 
griseofulvin/ml in 0.5% polysorbate 80 in water. The second preparation 
was a solution of griseofulvin prepared by dissolving 12.5 mg of drug in 


Supplied by Dr. Milo Gibaldi, State University of New York at Buffalo, Buffalo, 
N.Y. 
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Table I-Peak Plasma Levels, CmnX (Micrograms per Milliliter), Time of Occurrence, TmnX (Hours), and the Area under Plasma 
Concentration-Time Curves, A UC (Micrograms Hour per Milliliter), following Oral Adminxstration of a Micronized Griseofulvin 
Suspension (100 mg/kg), with Metoclopramide (10 mg/kg) or  Propantheline (5 mg/kg) Given Intraperitoneally to the Test Animals 2 
h r  prior to Griseofulvin Administration 


Control Metoclopramide Pretreated Propantheline Pretreated 
AUC Cmax Tmax AUC Cmax Tmax AUC max Tmax 


37.5 7.35 6 24.9 3.12 4 50.4 3.37 2.1 
53.0 7.68 5 
37.3 6.92 6 
37.8 7.02 6 


.. -_ .. ~ 


30.9 4.01 4 41.6 1.78 20 
19.9 2.50 4 42.3 7.62 23 
10.5 1.31 2 76.0 1.83 6 


Mean 
SE cv, % 
Simificance" 


52.9 6.02 6 15.8 2.63 2 42.8 5.42 23 
50.6 6.05 6 27.2 1.90 4 85.7 6.28 20 
45.8 6.60 6 23.5 3.82 2 73.2 4.78 14 
34.1 6.24 6 - - 65.9 6.63 23 
40.4 6.32 5 - - - 105.7 - - 
43.3 6.69 5.78 21.8 2.75 3.14 65.1 4.71 19.00 
2.46 0.20 0.15 2.62 0.37 0.40 7.64 0.78 2.15 


17.1 8.9 7.8 32.0 35.6 33.7 35.3 46.6 32.1 


- 


s Q C C C 


Determined by Student t test; a = 0.05 (two tailed), and s = significant. 


1 ml of polyethylene glycol 600. A solution containing the same dose as 
the suspension dosage form could not be prepared due to the limited 
solubility of griseofulvin in polyethylene glycol 600. 


Aqueous solutions of metoclopramide hydrochloride2 (2.5 mgiml) and 
propantheline bromide3 (1.25 mg/ml) were prepared for intraperitoneal 
administration. All administered dosage forms were used immediately 
after preparation. 


Plasma Level Studies-Adult male Wistar rats, average weight of 
250 g, were fasted for 24 hr prior to and during the experiments. All ani- 
mals were allowed water ad libitum throughout the experiments. 
Griseofulvin was administered by gastric intubation at  constant dose 
levels of 100 mg/kg (25 mg/250-g rat) with the suspension and of 50 mg/kg 
(12.5 mg/250-g rat) with the solution. 


Different groups of rats were separately injected with either 10 mg of 
metoclopramide hydrochloride/kg ip or 5 mg of propantheline bro- 
midekg ip 2 hr prior to oral griseofulvin administration. Control animals 
received only the respective griseofulvin dosage forms and were included 
in all experiments. 


Blood samples were taken in heparinized tubes from the tail artery of 
anesthetized rats a t  suitable time intervals up to 48 hr postdosing. The 
blood samples were then centrifuged, and the plasma was frozen until 
assayed. 


Gastric Emptying Studies-To evaluate the effect of metoclo- 
pramide and propantheline on the gastric emptying rate, single doses of 
a polyethylene glycol 600 solution or 0.5% polysorbate 80 suspension of 
griseofulvin were administered orally to the appropriately pretreated rats. 
Different animals were ether anesthetized at 0, 1,2,4,6,  and 11 hr after 
receiving griseofulvin, the stomach was clamped at the cardiac and pyloric 
sphincters, and the animal was sacrificed. During the suspension study, 
a cardiac blood sample was taken immediately prior to sacrifice. 


Subsequent to sacrifice, the stomach was excised and homogenized 
and the homogenate was diluted with distilled water. The amount of 
griseofulvin in the organ homogenate and, where appropriate, plasma 
was determined using the procedure utilized for the plasma level stud- 
ies. 


Assay Procedure-A literature method (17) was employed with some 
modification to determine griseofulvin in biological samples. A 0.01- 
0.1-ml aliquot of the plasma sample was transferred accurately into a 
45-ml polytef-stoppered centrifuge tube containing 5 ml of 0.1 N HCl. 
Anhydrous ether4, 10 ml, was added to each tube, and the tubes were 
shaken for 30 min. Then 5 ml of the ether layer was transferred to a 10-ml 
volumetric flask containing 1 ml of 17.2 pg of diazepam/100 ml of ben- 
zene. 


The solvent was evaporated to dryness under nitrogen, 1 ml of pesticide 
grade benzene5 was added, and 5 pl of the resulting solution was injected 
into a gas chromatograph6 equipped with a 63Ni-electron-capture de- 
tector. The following conditions were used glass column, 1.83 m long and 
2 mm i.d. packed with 3% OV-25 on 8G100-mesh Chromosorb W; column 
oven temperature, 285"; injection port temperature, 250'; detector 


temperature, 350'; and carrier gas (95% argon and 5% methane) flow, 40 
ml/min. The injection port configuration permitted on-column injec- 
tion. 


The peak height ratio (griseofulvin-diazepam) method was used to 
construct a standard curve and to quantitate griseofulvin. 


RESULTS AND DISCUSSION 


It was reported previously that preadministration of either metoclo- 
pramide or propantheline altered the absorption of griseofulvin admin- 
istered as a suspension in 0.5% polysorbate 80 and as a solution in lOoO/o 
polyethylene glycol 600 (18, 19). The results of these studies are sum- 
marized in Tables I-IV. 


Plasma Levels after Oral Suspension of Griseofulvin-Figure 1 
depicts representative plasma griseofulvin level-time plots obtained 
following a single dose of a 100-mg of griseofulvin/kg suspension in con- 
trol, metoclopramide-predosed, and propantheline-predosed animals. 


Pretreatment with metoclopramide, an agent capable of stimulating 
the gastric emptying reflex and GI motility (13,18-22), decreased the 
maximum plasma concentration (Cmax) by 59% (Table I) while at the 
same time decreasing the time for attainment of the peak level (T,& 
by 2.7 hr. The area under the plasma griseofulvin level-time curve (AUC) 
was reduced by 50% (Table I) from controls as a result of metoclopramide 
preadministration. The observed reduction in the AUC for griseofulvin 
after metoclopramide preadministration is consistent with a 50% re- 
duction in the relative availability of the poorly absorbed antifungal 
agent. 


Alternatively, predosing with propantheline delayed the time for at- 
tainment of the maximum plasma griseofulvin level from 5.8 to 19 hr 
while at the same time increasing the AUC by 50% (Table I). The.;e al- 
terations were accompanied by a 30% reduction in the Cmax for griseo- 
fulvin in plasma (Table I). 


2 Lot L-593-865-01F06, supplied by Merck Sharp and Dohme, West Point, 


3 Lot 239, supplied by Novopharm Ltd., Toronto, Ontario, Canada. 
4 Analytical reagent grade. 
5 Nanograde, Mallinckrodt. 


Pa. 


Hewlett-Packard model 5713A. Avondale, Pa. 


HOURS 
Figure 1-Plasma griseofulvin concentrations as a function of time 
following the oral administration of a 100-mglkg dose of micronized 
griseofulvin suspension in 0.5% polysorbate 80 to nine control rats (A), 
seven rats predosed with 10 mg of metoclopramide hydrochloridelkg 
(O), and nine rats predosed with 5 mg of propantheline bromidelkg (0 ) .  
Error bars represent the standard error of the mean. 
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Table 11-Area under Plasma Concentration-Time Curves, AUC 
(Micrograms Hour per Milliliter), and the Peak Plasma 
Concentrations, Cmax (Micrograms per Milliliter), following 
Oral Administration of Griseofulvin (50 mg/kg) in  100% 
Polvethvlene Glvcol600. with MetocloDramide (10 m d k d  or -. I. 
Pro-paniheline (5 mg/kg) Given Intraperitoneally to the  Test 
Animals 2 h r  prior to Griseofulvin Administration 


Metoclopramide Propantheline 
Control Pretreated Pfetreated 


AUC C,,, AUC C,, AUC C,,, 
37.6 15.32 126.6 20.34 37.4 5.83 
38.8 13.10 138.6 25.42 27.5 3.87 
55.5 12.01 84.6 22.03 16.4 3.51 
30.1 6.09 142.4 34.81 28.2 3.40 
37.9 11.68 115.0 33.03 17.8 3.40 
41.3 12.33 126.4 25.25 22.6 - 
28.9 8.12 119.4 17.60 13.5 - 
32.6 9.23 158.2 37.20 6.1 - 


Mean 37.8 10.98 126.4 26.96 21.2 4.00 
SE 2.96 1.05 7.73 2.55 3.46 0.48 cv, % 22.1 27.1 17.3 26.8 46.3 27.0 
- Significance" S S S S 


a Determination by Student t test; a = 0.05 (two tailed), and s = significant. 


These observations are consistent with the previously observed in- 
fluences of GI motility modifiers on drug absorption. Metoclopramide 
was shown to decrease effectively the time for attainment of peak plasma 
levels of acetaminophen (22) while only slightly influencing the total 
absorption of this drug. With griseofulvin, a dramatically different sit- 
uation is encountered since the absorption of this drug is erratic and in- 
complete (6). Metoclopramide, through its stimulatory influence on the 
GI tract, decreased the residence time of griseofulvin in the small intes- 
tine, resulting in a substantial decrease in total absorption from the less 
readily 'available dosage form. 


When propantheline was preadministered to rats, the findings were 
in sharp contrast with the observations after metoclopramide pread- 
ministration. Propantheline preadministration markedly increased the 
relative availability of griseofulvin suspension from controls, presumably 
through a mechanism similar to that reported with digoxin tablets (13); 
i.e., an increased residence time in the GI tract allowed additional time 
for dissolution and subsequent absorption. This observation is consistent 
with the findings of Bates and Sequeira (15), where propantheline 
preadministration in humans caused a 1.53-fold increase in the absorption 
of the antifungal agent administered as an oral suspension. 


Plasma Levels after Polyethylene Glycol 600 Solution of 
Griseofulvin-During the attempt to clarify the effect of motility on 
griseofulvin absorption, an interesting contrasting interaction between 
the motility modifiers and griseofulvin was observed when the antifungal 
agent was administered in polyethylene glycol 600. Figure 2 represents 
mean plasma griseofulvin level-time plots measured after oral admin- 
istration of griseofulvin dissolved in 100% polyethylene glycol 600 in 
control and test rats. Griseofulvin absorption in all cases was rapid, and 
maximum plasma levels were attained in 20-30 min. With the control 
rats, the availability of the administered dose after the solution dosage 
form was nearly twice that observed after the suspension dosage form 
[ (AUC) suspension (100 mglkg) was 43.3 pg hrlml as opposed to (AUC) 
solution (50 mg/kg) which was 37.8 pg hr/ml] (Tables I and 11). 


HOURS 


Figure 2-Plasma griseofulvin concentrations as a function of time 
following the oral administration of a 50-mglkg dose of griseofulvin in 
polyethylene glycol 600 to eight control rats (A), eight rats predosed 
with 10 mg of metoclopramide hydrochloridelkg (O), and seven rats 
predosed with 5 mg of propantheline bromidelkg (0). Error bars rep- 
resent the standard error of the mean. 


Figure 2 shows the plasma level-time curves of griseofulvin obtained 
following metoclopramide preadministration to animals receiving 
griseofulvin dissolved in polyethylene glycol 600. Metoclopramide in- 
creased the C,,, by 145% and the AUC by 234% (Table 11). Since meto- 
clopramide shortens gastric emptying time and stimulates GI motility 
(13,18-22), the absorption of the readily available dissolved drug is en- 
hanced by a more rapid exposure to the proximal small intestine. 


In sharp contrast to the observations after metoclopramide pread- 
ministration, propantheline reduced the relative availability of griseo- 
fulvin administered in solution by 44% (Table 11) and decreased the mean 
peak plasma level by 64% (Fig. 2). This observation was not unexpected 
since propantheline pretreatment induces a longer residence time of the 
drug in the stomach where griseofulvin absorption is limited. This delayed 
drug release to the absorption site may result in either precipitation of 
the drug or degradation of griseofulvin. 


Davis et al. (23) noticed a continuous disappearance of griseofulvin 
from the rat alimentary canal corresponding with the fall in blood level. 
They attributed this observation to griseofulvin destruction in the gut. 
However, in this work, addition of 1 ml of distilled water to griseofulvin 
dissolved in 1 ml of polyethylene glycol 600 caused the drug to precipitate 
gradually in fine crystals. This observation, coupled with the fact that 
a large percent of unchanged griseofulvin was recovered from the stomach 
of the propantheline-pretreated rats 11 hr after griseofulvin adminis- 
tration (Table 111), suggests that precipitation rather than destruction 
may be responsible for the poor relative bioavailability. 


In contrast to the observed effect of propantheline on griseofulvin 
solution, Manninen et al. (13) noticed that the absorption properties of 
digoxin, when given in solution form, were unaffected by treatment with 
the anticholinergic drug. This difference can perhaps be explained by 
the different solubility properties of these two drugs; i.e., following ad- 
ministration, with a longer residence time in the stomach, griseofulvin 


Table 111-Percent Griseofulvin Remaining in Stomach and Corresponding Plasma Levels in the Rat following Oral Administration of 
Single Doses of 100 mg of Griseofulvin/kg in  0.5% Polysorbate 80 with Test Rats Given Single Doses of Either 10 mg of 
Metoclopramide Hydrochloride/kg or 5 mg of Propantheline Bromide/kg 2 h r  prior to Griseofulvin Administration 


Metoclopramide Propantheline 
Control Pretreated Pretreated 


Hour % in Plasma Level, % in Plasma Level, % in Plasma Level, 
Postdosing Stomach pglml Stomach d m l  Stomach d m l  


0 98.4 - 99.3 - 96.0 - 
96.8 - 100.4 - 98.1 - 


1 74.2 1.02 20.1 2.74 84.4 0.73 
77.7 1.02 27.7 3.85 89.2 0.83 
69.6 
57.7 
18.7 
31.1 


1.9 


i .6i  
0.83 
2.85 
3.11 
5.75 


32.7 
16.4 
7.8 
1.6 
0.9 


~~ 


1.44 
3.13 
2.07 
3.91 
1.01 


60.9 
89.7 
32.1 
31.9 
4.3 


1.93 
0.99 
4.85 
0.89 
0.94 
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Table IV-Percent Criseofulvin Remaining in Stomach 
following Oral Administration of Single Doses of 50 mg of 
Criseofulvin/kg in Polyethylene Glycol 600 to the Control, 
Metoclopramide Hydrochloride-Pretreated Rats (10 mg/kg), 
and Propantheline Bromide-Pretreated Rats (5 mg/kg) 


Percent Remaining in Stomach 
Hour Metoclopramide Propantheline 


Postdosine Control Pretreated Pretreated 


0 98.1 96.5 103.3 
101.3 95.9 96.4 


1 86.3 46.7 96.1 
87.8 88.6 97.1 
77.6 50.9 - 


2 89.4 44.8 104.3 
65.6 49.0 81.5 
82.9 30.8 96.4 


4 56.5 37.5 102.4 
46.9 7.3 74.6 
49.7 41.7 73.0 


6 31.4 5.5 68.7 
- 2.6 52.1 
24.6 22.6 - 


11 0.0 0.4 49.4 
- - 54.4 
2.3 1.4 35.1 


may precipitate and yield a lower relative availability while digoxin may 
remain in solution and subsequently be absorbed. 


Gastric Emptying-The determination of the amount of griseofulvin 
remaining in the stomach at  different time intervals in control, meto- 
clopramide-predosed, and propantheline-predosed animals lends cre- 
dence to the speculated effects of the motility modifiers on the gastric 
emptying pattern obtained after oral griseofulvin administration. The 
accelerated emptying rate induced by metoclopramide is clearly illus- 
trated by the findings at  1 hr after administration of the griseofulvin 
suspension; 76% of the suspension dosage form remained in the stomach 
of control animals while only 24% remained after metoclopramide 
preadministration (Table 111). A somewhat similar finding was seen with 
animals receiving griseofulvin in a 10W0 polyethylene glycol 600 solution 
dosage form. In animals receiving the solubilized griseofulvin, the controls 
retained 84% of the dose at 1 hr postdosing while the test animals retained 
62%. 


As anticipated, propantheline influenced the gastric emptying process 
by reducing its rate. Even at 11 hr after griseofulvin administration, 36% 
of the suspension (Table 111) and 46% of the solution (Table IV) could 
be found in the stomach. 


Table 111 also contains the plasma griseofulvin levels a t  the time of 
determination of the gastric contents. These plasma levels are in good 
agreement with those observed in the suspension dosage form plasma 
level studies (Fig. 1). 


The gastric emptying rate in all three groups of rats (controls, meto- 
clopramide pretreated, and propantheline pretreated) was lower when 
the drug was administered in polyethylene glycol 600 as compared to the 
suspension (Tables 111 and IV). However, large intersubject variations 
and the limited number of experimental data do not permit a definitive 
evaluation. Griseofulvin administration in polyethylene glycol 600 also 
caused a noticeable change in the appearance of the gut along with an 
apparent tendency to retain water. 


SUMMARY 


The observed plasma level data and gastric emptying experiments 
suggest that the absorption of the griseofulvin suspension may be limited 
by two major factors, the gastric emptying rate and the dissolution pro- 
cess. The shorter onset of absorption of the griseofulvin suspension fol- 
lowing metoclopramide predosing was probably due to the higher gastric 
emptying rate, and the lower relative availability was due to the slow 
dissolution rate when the suspension was forced out of the absorption 
site prior to complete absorption. On the other hand, propantheline 
pretreatment resulted in a delayed T,,, perhaps due to a very low gastric 
emptying rate; the undissolved drug traveled through the GI tract very 
slowly, permitting more drug dissolution and subsequent absorption. 


The oral solution studies and gastric emptying experiments support 


the preceding explanation. With an oral solution of griseofulvin, the drug 
is readily available and a dissolution process is not involved the ab- 
sorption is more rapid and begins from the moment that the dosage form 
contacts the absorption site. Metoclopramide pretreatment markedly 
increased the bioavailability of the solution because the transit time in 
the GI tract was shortened; since there was no dissolution process to delay 
absorption, the drug was quickly exposed to the proximal small intestine 
where absorption was rapid. 


Finally, propantheline preadministration prior to a solution dosage 
form of griseofulvin adversely influences the availability of the poorly 
absorbed antifungal agent through a mechanism not completely under- 
stood. Nevertheless, the noted interaction of the motility modifiers with 
griseofulvin is of particular interest since the results are dependent upon 
the formulation of griseofulvin administered. 
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Determination of Anthranilic Acid in Plasma 


J. F. DOUGLAS" and Y. PHILOPOULOUS 


Abstract 0 A simple, specific GLC method was developed for the de- 
termination of anthranilic acid in plasma. This method is based on ex- 
traction from a carefully controlled buffer followed by removal of solvent, 
silylation, and detection in the gas chromatograph. The procedure is 
quantitative in the 2-10-pg/ml range. 


Keyphrases 0 Anthranilic acid-GLC analysis in plasma GLC- 
analysis, anthranilic acid in plasma t~ Ascaricides, veterinary-anthra- 
nilic acid, GLC analysis in plasma 


Anthranilic acid has been used to treat roundworm in- 
festation in animals. Recently, it was identified in the blood 
of animals receiving the new analgesic 2,3-dihydro-SH- 
isoxazolo[3,2-blquinazolin-9-one' (1, 2). Although an- 
thranilic acid also is a naturally occurring body constituent, 
a sensitive, specific analytical method for its determination 
in biological fluids has not been described. It has been 
identified in urine by chromatography (3) and diazotiza- 
tion (4,5). A nondetailed GC procedure for its detection 
as the methyl ester has also been cited (6). 


This report describes a sensitive, specific quantitative 
method for the determination of anthranilic acid in plas- 
ma. 


EXPERIMENTAL 


GLC-A dual-column gas chromatograph2 equipped with a hydrogen 
flame-ionization detector and a 1-mv recorder3 was employed. The 
chromatographic columns used were 2-m X 3-mm i.d. glass tubes packed 
with 3% XE-60 on 100-120-mesh Gas Chrom Q4. The instrument settings 
were: column temperature, 1 4 0 O ;  injection port temperature, 200'; and 
detector block temperature, 195". Gas flow rates were: hydrogen, 29 


. 


INTERNAL STANDARD 


A! 


Figure 1-Gas chromatograms of plasma treated as described. Key: 
left, chromatogram from normal plasma; and right, chromatogram from 
normal plasma with anthranilic acid added. 


W2429. 
2 F and M model 402. 
3 Minneapolis-Honeywell. 


Applied Science. 


Table I-Anthranilic Acid Recovered from Dog Plasma at pH 
4.75 by Extraction with Ethyl Acetate 


Anthranilic Acid 
Added to Dog Plasma, Anthranilic Acid Found", Anthranilic Acid 


rg/ml r d m l  Extracted", % 


2.0 
5.0 
7.0 


10.0 


2.0 
5.0 
7.1 


10.6 


100 
100 
102 
106 


Average of duplicates. 


ml/min; and helium (carrier gas), 60 ml/min. Sensitivity settings were: 
range, 10; and attenuation factor, 8X. The retention times under these 
conditions were 1.2 min for anthranilic acid and 2.2 min for 4-bromobi- 
phenyl (Fig. 1). 


Reagents-The reagents were redistilled chloroform, peroxide-free 
ethyl acetate, 4-br~mobiphenyl~, and bis(trimethyl~ily1)acetamide~. 


Procedure-Dog plasma, 1.0 ml, was adjusted to pH 4.75 with 0.3 ml 
of 2 M acetic acid-sodium acetate buffer, pH 4.75. Ethyl acetate, 3 ml, 
was added, and the mixture was agitated on a mixer for 2 min. After 
centrifugation for 10 min, 2.0 ml of the organic phase was removed, placed 
in a 5-ml glass tube, and evaporated to dryness under a nitrogen stream 
a t  room temperature. 


Chloroform, 0.2 ml, containing 18 fig of 4-bromobiphenyl/ml and 9% 
bis(trimethylsily1)acetamide was added to the residue, and it was stirred 
on a mixer for a few seconds. A 2 4  aliquot of this solution was injected 
into the gas chromatograph. The concentration of anthranilic acid was 
determined by the relative peak height method, using 4-bromobiphenyl 
as the internal standard. 


RESULTS AND DISCUSSION 


The relative peak heights (fSE) for 2,5,7,  and 10 pg of anthranilic 
acid/ml were 0.37 f 0.0053, 0.96 f 0.0091, 1.34 f 0.0008, and 2.00 f 
0.0102, respectively. The reproducibility of the procedure is indicated 
by the standard error of quadruplicate determinations. 


The extraction technique effectively separates anthranilic acid from 
normally interfering plasma constituents since determinations with 
normal plasma give little or no blank (Fig. 1). The pH of the ethyl acetate 


4 4.5 5 5.5 6 6.5 7 
PLASMA pH 


Figure 2-Effect of pH on the extraction of 5.0 pgglml of anthranilic acid 
from plasma. 


5 Eastman Chemical Co. 
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extraction is crit,ical. Recovery studies a t  pH 4.75 showed complete ex- 
traction of anthranilic acid over the effective assay range of 2-10 pg/ml 
(Table I); but a t  a slightly higher pH level of 5.0 or at a slightly lower level 
of 4.5, only about one-half of the anthranilic acid was extracted (Fig. 
2). 
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Detection of Penicillin G and Ampicillin as 
Contaminants in Tetracyclines and Penicillamine 


DORIS HERBST 


Abstract 0 A method was developed to detect residual levels of ampi- 
cillin and penicillin G in various tetracyclines and penicillamine. Residues 
are detected by reversed-phase TLC followed by bioautography. The 
directness of the techniques makes this method a good means of detecting 
residual contaminants in drugs. 


Keyphrases 0 Penicillin G-TLC-bioautographic analysis as con- 
taminant in various tetracyclines and penicillamine Ampicillin- 
TLC-bioautographic analysis as contaminant in various tetracyclines 
and penicillamine 0 TLC-bioautography-analysis, penicillin G and 
ampicillin as contaminants in various tetracyclines and penicillamine 
0 Tetracyclines, various-TLC-bioautographic analysis of penicillin 
G and ampicillin as contaminants Penicillamine-TLC-bioautogra- 
phic analysis of penicillin G and ampicillin as contaminants Antibac- 
terials-TLC-bioautographic analysis of penicillin G and ampicillin as 
contaminants in various tetracyclines and penicillamine 


The problem of penicillin contamination in nonpeni- 
cillin products was recognized as early as 1964. An ad hoc 
Advisory Committee on Penicillin Contamination com- 
posed of experts in the fields of allergy and penicillin 
therapy (1) was convened by the Commissioner of Food 
and Drugs to evaluate the potential public health prob- 
lems. The potential danger of allergic reactions, ranging 
from minor symptoms to fatal anaphylaxis, and the pos- 
sibility of sensitizing individuals by repeated trace doses 
were considered. 


Based on the data then available, limits on the amount 
of penicillin allowable in nonpenicillin drugs were rec- 
ommended. These limits were less than 0.05 unit/maxi- 
mum single dose for parenteral drugs and less than 0.5 
unit/maximum single dose for oral drugs. Methods to de- 
tect penicillin G were specified by the Food and Drug 
Administration (2). 


BACKGROUND 


In 1974, a screening study (3) was conducted to ascertain which, if any, 
of the other penicillins could be detected in erythromycin and tetracycline 
by existing methods. That study showed that the current methods were 
less sensitive to residual levels of phenethicillin, methicillin, nafcillin, 
oxacillin, and cephalothin and were completely incapable of detecting 
residual ampicillin. 


This 1974 evaluation indicated the need for new methods to detect 
residual ampicillin. Investigations conducted in 1974 resulted in a new 
bioautographic method (4) t o  separate and detect as little as 1 ppm of 
ampicillin from tetracycline hydrochloride bulk powder. 


In 1975, new procedures (5) were described for the detection of ampi- 
cillin and penicillin G contaminants in demeclocycline and chlortetra- 
cycline. Although analytical capabilities had been expanded, additional 
methods were needed to detect ampicillin and penicillin G in doxycycline, 
oxytetracycline, and methacycline. Biagi et al. (6) described a re- 
versed-phase TLC method to determine partition data for the penicillins. 
Using various concentrations of acetone in the mobile phase (6) of this 
system, they varied the Rf values of 11 penicillins and concluded “The 
most hydrophilic compounds are the first to reach a maximum Rf value. 
On the other hand, a t  0% acetone in the mobile phase the most lipophilic 
compounds remained close to the origin” (6). 


The  possibility that this type of system might be applied to residual 
contamination of other antibiotics seemed feasible. The techniques de- 
scribed by Biagi et al. (6) were applied to the detection of residual am- 
picillin and penicillin G in the tetracyclines and residual penicillin G in 
penicillamine. 


EXPERIMENTAL 


Preparat ion of TLC Plates-TLC plates’, 20 X 20 cm, precoated 
with silica gel GF2, were impregnated with silicone? by developing the 
plates in 200 ml of silicone-ether4 (5:95 v/v) in a covered developing 
chamber. After overnight development, the plates were removed from 
the chamber and allowed to air dry a t  room temperature. 


Sample Preparation-With glass-stoppered volumetric flasks to 
prevent evaporation of the solvent, standard solutions of ampicillin were 
prepared in acetone5 to contain 0.1,0.05,0.025,0.0125, and 0.00625 pg/ml. 
A similar set of penicillin G standards was prepared. Portions of 25 mg 
of chlortetracycline (I), demeclocycline (111, methacycline (1111, mino- 
cycline (IV), oxytetracycline (V), tetracycline (VI), and doxycycline hy- 
clate (VII) were placed in small (7 ml) glass-stoppered weighing vials. One 
milliliter of each standard solution was added to the vials containing the 
tetracyclines; then the vials were stoppered and gently shaken for a few 
seconds to  form a suspension of the drugs. 


This same procedure was followed for a second set of samples using 
the penicillin G standards. In addition, 250-mg portions of penicillamine 


Analtech, Inc., Blue Hen Industrial Park, Newark, DE 19711. 


Silicone DC 200 (350 centistokes), Applied Science Laboratories, State College, 


Burdick &Jackson Laboratories, Muskegon, MI 49442. 
Fisher Scientific, Fair Lawn, N.J. 


2 Brinkmann Instruments, Westbury, NY 11590. 


PA 16801. 
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perficial for the pharmaceutical scientist. However, this book should be 
of interest to the lay reader or scientist specifically interested in Chinese 
herbs and herbal medicine. 


pear; and lists national compendia1 names that differ from the INN. The 
Chemical Abstracts Service (CAS) registry number and molecular for- 
mula are also given. The book includes all INN published in the WHO 
Chronicle through March 1976. In addition, there is an appendix of na- 
tional names that differ from INN, a molecular formula index, and a CAS 
registry number index. All of the text appears in both English and 
French. 


Reviewed by David J. Slatkin 
llniuersity of Pittsburgh 
School of Pharmacy 
Pittsburgh, PA 15261 


Staff review 


Advances in Modern Toxicology, Vol. 1, Part 1: New Concepts in 
Safety Evaluation. Edited by MYRON A. MEHLMAN, RAYMOND 
E. SHAPIRO, and HERBERT BLUMENTHAL. Halsted, 605 Third 
Ave., New York, NY 10016,1976.455 pp. 16 X 25 cm. 
Today there is increased governmental and industrial concern re- 


garding the toxicity of chemicals, with emphasis on development of test 
procedures designed to reveal adverse effects before a particular sub- 
stance becomes available for direct or indirect human ingestion. A text 
such as this one can assist scientists in fulfilling this objective. 


Three of the 13 chapters focus on teratogenicity. Chapter 6, Current 
Methodology in Teratology Research, provides useful information re- 
garding selection of the animal model and time of administration. 
Chapter 12, Distribution, Metaholism and Perinatal Toxicity of Pesti- 
cides with References to Food Safety Evaluation: A Review of Selected 
Literature, is a compilation of previously reported data on various pes- 
ticides, eg., DDT, aldrin, and dieldrin. Chapter 13, Transplacental 
Toxicity of Diethylstilbestrol: A Special Problem in Safety Evaluation, 
includes detailed descriptions of the pharmacology and toxicology of 
diethylstilbestrol in both animals and humans. 


Two interesting sections devoted to methodology are Chapter 3, Po- 
tential Contribution of Inbred Syrian Hamsters to Future Toxicology, 
and Chapter 9, Radioautographic Methods for Physiologic Disposition 
and Toxicology Studies. 


Chapter 8 is especially timely since it describes fundamental phar- 
macokinetic principles and their application to toxicological investiga- 
tions. 


Nonlethal Parameters as Indices of Acute Toxicity: Inadequacy of the 
Acute LD50 is the title of Chapter 7, which stresses the need to look be- 
yond the LD5i)value itself, e.g., careful observation of all animals in the 
postadministration period, and pathological examination of survivors 
to detect latent toxicity. 


Portions of the book suffer from inadequate editorial supervision. 
Numerous tables (e.g., Chapter 4, Table 13, and associated Appendix; 
and Chapter 1 1 ,  Tables 1 and 20) contain facts that are not organized on 
any basis. Individual chemicals could have been listed alphabetically 
within each table but instead appear in semirandom fashion. I t  is un- 
fortunate that these defects, which could have easily been corrected, were 
overlooked. 


On the positive side, background data are accompanied by extensive 
reference sections, and potential sources of error in development and 
interpretation of toxicity studies are emphasized. This text is a good 
comprehensive source of information for those conducting toxicological 
research. 


Reuiewed by Frederick J. Goldstein 
Philadelphia College of Pharmacy and 


Philadelphia. PA 19104 
Science 


International Nonproprietary Names (INN) for  Pharmaceutical  
Substances. Cumulative List No. 4. World Health Organization, 
Health and Biomedical Information Programme, 1211 Geneva 27, 
Switzerland, 1976.314 pp. 17.5 X 24 cm. Price $19.20. 
This book is a computer printout of international nonproprietary 


names (INN) of pharmaceutical substances in alphabetical order of the 
Lat.in names. Each entry includes the I N N  in English, French, Russian, 
and Spanish; indicates the national compendia in which the names ap- 


Molecular Connectivity in Chemistry and  Drug Research. By 
LEMONT B. KIER and LOWELL H. HALL. Academic, 111 Fifth 
Ave., New York, NY 10003, 1976.257 pp. 15 X 24 cm. Price $27.00. 
This book represents the results of recent research into the utility of 


the connectivity index as a parameter for correlating physical, chemical, 
and biological properties. The 10 chapters in the book may be divided 
into roughly three sections. 


The first section contains Chapters 1-3 on Structure and Properties, 
Elements of Graph Theory and Topological Indices, and Molecular 
Connectivity, respectively. These provide a general introduction to their 
topics. Both Chapters 2 and 3 may appear to be more abstract and formal 
than necessary on first reading. However, the equations and algorithms 
provided for the calculation of the various connectivity indices are very 
general. Computational facility may be gained through working the many 
examples provided in the numerous tables and in Appendix A. 


The second part of the book, Chapter 4 on Molecular Properties and 
Chapter 5 on Molar (Bulk) Properties and Molecular Connectivity, 
provide examples of the correlation between the various connectivity 
indices and such properties as heat of formation and atomization, molar 
polarizibility, diamagnetic susceptibility, heat of vaporization, boiling 
point, aqueous solubility, and partition coefficient. In general, for each 
physical property the discussion is organized and correlations are pre- 
sented by functional group. 


The third part of the book focuses on biological activity correlations. 
Chapter 6 considers nonspecific biological activity (anesthetic and nar- 
cotic activity), while Chapter 7 considers more specific responses such 
as enzyme inhibition and microbial inhibition. Chapter 8 considers the 
use of multiple chi (connectivity) and chi-squared terms in correlating 
biological activities, while Chapter 9 considers the use of chi terms plus 
other physical property terms, primarily the Hammett sigma values, in 
correlation analyses. Finally, Chapter 10 concludes the book with re- 
flections on the nature and future of connectivity. In this chapter, the 
authors ask such questions as: “Is the particular choice of chi important?” 
and “How is one to interpret the chi terms?”, note problem areas such 
as cis-trans- isomerism, conformation, and high structural complexity, 
and suggest some possible future uses of chi. 


While much of the content is available in the literature, the book pulls 
everything together, plus offers more of an introduction to graph theory 
and the development of the various connectivity indices. As the authors 
clearly state, much remains to be investigated. In the reviewer’s opinion, 
it is too early to assess the value of molecular connectivity relative to other 
parameters. However, the index is no more difficult to compute than 
other commonly employed parameters, and the technique is easily gen- 
eralized to the computation of number of indices. The method certainly 
merits the attention of researchers in structure-activity work as another 
(more fundamental?) parameter to aid in drug design. Although the book 
is more introductory and preliminary than one might like (it represents, 
for the most part, the results of investigations by one research group over 
the past 2-3 years), it can be recommended, particularly to investigators 
interested in structure-activity methodology, as a new and potentially 
useful technique. 


Finally, some simple calculations reveal a cost of over 10 cents per page. 
This seems particularly steep since approximately one-third of the text 
is occupied by tables. 


Reviewed by Gordon L. Amidon 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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Determination of Dextrorphan in 
Plasma and Evaluation of Bioavailability of 
Dextromethorphan Hydrobromide in Humans 


GOLLAMUDI RAMACHANDER x, FLORENCE D. WILLIAMS, and 
JANE FRANCES EMELE 


Abstract A method is described for the estimation of dextrorphan, 
a metabolite of dextromethorphan, in plasma. The bioavailability of 
dextromethorphan hydrobromide after 30 mg PO, as measured by the 
concentration of total (free and conjugated) dextrorphan in the plasma, 
was determined in six human volunteers with this procedure. 


Keyphrases 0 Dextrorphan-fluorometric analysis, human plasma 
0 Dextromethorphan hydrobromide-bioavailability evaluated using 


fluorometric analysis of dextrorphan in human plasma Fluorometry 
-analysis, dextrorphan in human plasma Bioavailability-dextro- 
methorphan hydrobromide evaluated using fluorometric analysis of 
dextrorphan in human plasma Antitussives-dextromethorphan 
hydrobromide, bioavailability evaluated using fluorometric analysis of 
dextrorphan in human plasma 


Dextromethorphan hydrobromide, a widely accepted, 
nonnarcotic antitussive agent, is a common ingredient in 
many cough<old preparations. Despite its clinical use for 
over two decades, a method for estimating its plasma levels 
in humans has not been published. Presently available 
analytical methods lack the sensitivity needed to deter- 
mine its plasma levels after oral administration of the 
maximum permissible over-the-counter dose of 30 mg’ 
(1). 


The metabolism of dextromethorphan has been studied 
in several species (2-6). Following oral administration, this 
drug is rapidly metabolized; the principal metabolites are 
the 0-demethylated product dextrorphan and its glucu- 
ronide and sulfate ester conjugates. In humans, dextror- 
phan [(+)-3-hydroxy-N-methylmorphinan], (+)-3-hy- 
droxymorphinan, and traces of the unmetabolized drug 
were found in urine after oral administration of the drug 
(6). Enzymatic hydrolysis of urines from patients admin- 
istered dextromethorphan yielded 40-50% of the drug and 


metabolites, mostly in the form of glucuronide and sulfate 
conjugates1. 


Because the blood levels of unmetabolized dextro- 
methorphan were low, another approach was to measure 
the levels of the major metabolites. Dextrorphan was es- 
timated in plasma and urine by paper chromatography (7), 
colorimetric determination of the methyl orange complex 
(8), and radiotracer techniques (9). These methods suffer 
from inherent disadvantages such as a lack of sensitivity 
and cumbersome operation. This report describes a sen- 
sitive and more convenient method for the determination 
of plasma levels of dextrorphan and its conjugates. Its 
applicability to bioavailability studies in humans also is 
demonstrated. 


EXPERIMENTAL 


Plasma Levels of Dextrorphan and Its Conjugates-Plasma (3.0 
ml) was transferred into a glass-stoppered erlenmeyer flask (25 ml). The 
pH was adjusted to 5.5 with 3.0 N acetic acid, and an enzyme solution2 
(0.2 ml) containing 30,000 units of 8-glucuronidase and 10,000 units of 
arylsulfatase was added. The flask was stoppered and incubated a t  37O 
for 2 hr. The incubate was brought to  room temperature, and the pH of 
the contents was adjusted to 9.5 by the addition of a saturated solution 
of sodium carbonate (0.6 ml). 


Spectroscopically pure ethyl acetate (15 ml) was then pipetted into 
the flask, and the contents were shaken for 20 min on a mechanical 
shaker. The mixture was transferred quantitatively into a 30-ml centri- 
fuge tube, and the extract was separated by centrifuging at  3000 rpm for 
15 min. Then an aliquot (12 ml) of the supernate was transferred into a 
stoppered 50-ml erlenmeyer flask containing 3.0 ml of 1.0 N HCl, and 


B. A. Koechlin and F. Rubio, work cited in Ref. 1. * Glusulase, Endo Laboratories, Garden City, NY 11530. 
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the drug and its metabolites were extracted into the acid by shaking the 
mixture for 20 min. 


The aqueous layer was separated using a 50-ml separator, and its flu- 
orescence was measured in a fluorescence spectrophotometer3. The flu- 
orescence and excitation wavelengths were 310 and 280 nm, respectively, 
and the slit dials were set to give a bandpass of 8 nm for excitation and 
of 5 nm for fluorescence. The concentrations of the drug and its metab- 
olites in the sample were read from a calibration curve whose validity was 
determined by including three or four known concentrations of dex- 
trorphan added to normal human plasma with each series of un- 
knowns. 


Bioavailability Studies in Humans-Six healthy male volunteers, 
27-32 years old, received 30 mg PO of dextromethorphan hydrobromide 
in a syrup (10 ml) after an overnight fast. Blood samples were drawn from 
the antecubetal vein into heparinized tubes immediately prior to and a t  
15 and 30 min and 1,2, and 4 hr after drug administration. Plasma was 
separated by centrifuging at 3000 rpm for 20 min, and an aliquot was 
assayed by the described procedure. 


RESULTS AND DISCUSSION 


A calibration curve was constructed by plotting the fluorescence in- 
tensity against the concentration of dextrorphan added to drug-free 
plasma. Regression analysis of the least-squares line fitting the data 
points provided an equation for the curve as y = 0.2658% + 3.728 ( r  = 
0.99561, where y represents fluorescence units and x is nanograms of 
dextrorphan per milliliter of plasma. The recovery of known amounts 
of dextrorphan added to human plasma was Two. To determine the 
precision of the method, eight plasma samples spiked with 400 ng of 
dextrorphan/ml and four samples containing 600 ng of dextrorphadml 
were analyzed in duplicate over 6 months. The coefficients of variation 
a t  these two concentrations were 8 and 4%, respectively. 


The fluorescence characteristics of dextrorphan and dextromethor- 
phan in 1.0 N hydrochloric acid are rather similar. The fluorescence and 
excitation wavelengths of dextrorphan are 310 and 280 nm, respectively; 
for dextromethorphan, they are 305 and 270 nm, respectively. 


The fluorescence spectrum of dextrorphan extracted from plasma was 
identical with that of dextrorphan in 1.0 N HCl. Some interference by 
the unmetabolized drug and possibly other minor metabolites could be 
expected in the measurement of dextrorphan levels. However, the con- 
tribution to fluorescence by the unmetabolized drug would be negligible 
in this method because extracts from plasma of humans administered 
dextromethorphan hydrobromide exhibited fluorescence spectra char- 


3 Perkin-Elmer model MPF-3. 


acteristic of dextrorphan but not dextromethorphan. Furthermore, since 
dextromethorphan is metabolized rapidly and extensively upon oral 
administration, the amount present in the extracts would be very low. 


Plasma Levels in Humans-The average plasma levels (fSE) of 
dextrorphan and its conjugates following 30 mg PO of dextromethorphan 
hydrobromide to six volunteers a t  15,30, and 60 min were 21.3 f 6.7,107.3 
f 44.6, and 368.0 f 71.2 ng/ml, respectively. The peak level was 381.3 f 
56.9 ng/ml at  2 hr and it declined thereafter, reaching 262.7 f 43.3 ng/ml 
a t  4 hr. Almost all of the dextrorphan was present in the form of conju- 
gates. This finding was confirmed by analyzing the plasma samples from 
one of the six volunteers, with and without enzymatic hydrolysis. Whereas 
hydrolysis gave rise to concentrations ranging from 26 to 380 ng/ml, none 
of the unhydrolyzed samples contained measurable levels of the uncon- 
jugated drug or metabolites. 


I t  may be concluded that this method is applicable to the determina- 
tion of the bioavailability of dextromethorphan hydrobromide in hu- 
mans. 
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Effects of 3,4-Dimethoxyphenethylamine Derivatives on 
Monoamine Oxidase 


WILLIAM J. KELLER" and GARY G. FERGUSON 


Abstract 0 The cactus alkaloid 3,4-dimethoxyphenethylamine and its 
naturally occurring N-methylated homologs inhibited the deamination 
of tyramine and tryptamine by rat brain monoamine oxidase. In contrast, 
the j3-hydroxylated derivatives of this series failed to inhibit the action 
of monoamine oxidase on both tyramine and tryptamine. 
Keyphrases 3,4-Dimethoxyphenethylamine and N-methyl homo- 
logs-effect on monoamine oxidase-catalyzed deamination of tyramine 
and tryptamine Monoamine oxidase-deamination of tyramine and 
tryptamine, effect of 3,4-dimethoxyphenethvlamine and N-methvl ho- 


mologs 0 Tyramine-monoamine oxidase-catalyzed oxidative deami- 
nation, effect of 3,4-dimethoxyphenethylamine and N-methyl homologs 


Tryptamine-monoamine oxidase-catalyzed deamination, effect of 
3,4-dimethoxyphenethylamine and N-methyl homologs 0 Enzymes- 
monoamine oxidase, deamination of tyramine and tryptamine, effect of 
3,4-dimethoxyphenethylamine and N-methyl homologs 0 Structure- 
activity relationships-3,4-dimethoxyphenethylamine and N-methyl 
homologs, effect on monoamine oxidase-catalyzed deamination of tyra- 
mine and tryptamine 


The present study was directed at  observing the effects 
of 3,4-dimethoxyphenethylamine (I) and its N-methyl 
homologs on rat brain monoamine oxidase, using both 


tyramine and tryptamine as substrates. The results of 
these experiments were contrasted with those obtained 
with the P-hydroxy derivatives of the same series. The al- 
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RESEARCH ARTICLES 


Mechanism of Surface Lubrication: Influence of 
Duration of Lubricant-Excipient 
Mixing on Processing Characteristics of 
Powders and Properties of Compressed Tablets 


A. C. SHAHX and A. R. MLODOZENIEC 


Abstract A mathematical expression for tablet hardness was related 
to lubricant mixing by considering increases in the surface coverage with 
prolonged mixing time. The duration of lubricant mixing significantly 
changed the apparent bulk volume of the mix, ejection force during 
tableting, hardness, and disintegration and dissolution properties of 
tablets. These findings may provide some rationale for the changes in 
processing characteristics and properties of finished drug products often 
encountered in the scale-up of solid dosage formulations. Several lubri- 
cation mechanisms are discussed in connection with the duration of 
mixing effects and scanning microscopy studies. 


Keyphrases Tablets, compressed-effect of duration of lubricant- 
excipient mixing on physical properties Powders-effect of duration 
of lubricant-excipient mixing on processing characteristics II Lubrica- 
tion, surface-effect of duration of lubricant-excipient mixing on physical 
properties of tablets and processing characteristics of powders 0 Dosage 
forms-tablets compressed, effect of duration of lubricant-excipient 
mixing on physical properties 


The formulation of a solid dosage form often requires 
precise processing control of the powder mixture to ensure 
a volumetric delivery of a homogeneous aliquot. Thus, 
various adjuvants are gravimetrically added to form the 
bulk mix to achieve uniform mixing and flow of the pow- 
ders as in capsule or tablet die filling. 


In tablet formulation, a lubricant usually permits res- 
olution of several production problems related to com- 
pression. As an essential unit operation in the production 
of a compressed tablet, lubrication facilitates glidancy of 
the powders during material flow, eliminates binding of 
the compact to the die, and minimizes sticking and picking 
by the punch face surfaces in contact with the compressed 
tablet. Lubrication, in general, involves adding small 
quantities of an antifriction agent to powders or granules 
and mixing them for a specified time. 


BACKGROUND 
Many studies evaluated different types of lubricants (1-51, the influ- 


ence of lubricant concentration (6,7), the relationship between lubricant 
effects and tablet properties (hardness and disintegration) (8,9), and 
changes in physical properties of powder mixes as a function of lubrica- 
tion (10-15). Few of these studies, however, concerned the influence of 
mixing time on the processing characteristics of the powder and, espe- 
cially, the performance properties of the compressed tablet. 


Properties of the compact critical to its performance include the 
ejection force, tablet hardness, disintegration, and dissolution. I t  is 
generally recognized that a lubricant modifies these properties. However, 
the duration of mixing in the lubricant component may not only affect 
the properties of the compact but also the properties of the blended 
mixture by altering the apparent bulk volume, the compression force 
required to make a prescribed compact, and the hydrophobic character 
of the mixture. The research studies described in this report concerned 
the interdependency of these physical properties for several model sys- 
tems designed to test the effects of mixing time. 


Previous mixing studies dealt with the homogeneity of the mixture 
(16-20), evaluations of mixing equipment (21-23), and segregation ki- 
netics associated with model systems (24-27). This work emphasized the 
importance of solid-solid mixing related to drug distribution and ho- 
mogeneity of the mix. Since content uniformity of the active ingredient 
is a primary control for accurately dosing a patient with a unit dosage 
form, emphasis is always given to the final composition of the assayed 
tablet or other dose form. Nonetheless, the release characteristics and 
performance criteria (such as physical integrity and stability) also rely 
on the nature and extent of distribution of inert excipients as well as the 
active ingredient. Of significance is the lubricant-excipient interaction 
and the manner in which these materials are affected by mixing. Possibly, 
mixing times can modify the intended role of these adjuvants, in some 
cases altering or diminishing their primary function. 


The present work investigated the mixing of direct compaction ex- 
cipients such as lactose and microcrystalline cellulose with various 
commonly used lubricants. Furthermore, the occasional nonpredicted 
increased disintegration time of a compressed tablet associated with a 
decreased hardness or crushing force requirement prompted an inves- 
tigation of the effects of lubricants (e.g., stearates) and mixing duration 
on the physical properties of a blended mixture and compact. 
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Figure I-Strong-Cobb hardness of lactose-1 7;) magnesium stearate 
tablets (aueragp of 10 tablets) plotted as a function of mixing time. 
Tablets were compressed a t  1620 (A), 1300 (l?), and 970 (C) kg. 


It has not been generally known that the mechanism of lubricant action 
can affect the bulk volume of the mix. Previous studies (10-15) showed 
that the bulk volume decreases by admixing the lubricant. The present 
studies demonstrate the effect of mixing time on processing character- 
istics and tablet performance properties. A mechanism for the role of 
lubricant materials as a function of mixing time was explored. 


THEORY 


The change of particle distribution with time caused by mixing has 
been described as three-dimensional shuffling (28). In such a case, the 
surface of separation (defined as the separation plane between dissimilar 
particles) can be used as a measure of the degree of mixing. Thus, for a 
pharmaceutical powder blend, the maximum surface of separation would 
correspond to a perfect mix. This qualitative variable can be employed 
to measure the effect of mixing time on the rate and extent of lubricity 
when the theory of lubrication assumes a surface coverage of lubricant 
adsorbed on a particle substrate. This model was applied to extend mixing 
theory to pharmaceutical powder lubrication. Several effects of different 
lubricating materials can be explained in this way. 


Lubricancy in solid particles improves the fluidity and packing char- 
acteristics of a blended mix and permits a homogeneous mix to be 
transferred compositionally intact to a target volume such as a com- 
pressing die. Agents that reduce such interparticulate friction also alter 
the particle packing characteristics by modifying the particle size and 
shape factors and have been termed glidants. The degree and extent of 
surface coverage of a substrate particle by such agents can be described 
theoretically for pharmaceutical mixtures by invoking a t  least three 
different mechanisms: (a)  adsorption or surface contact adhesions; (b) 
diffusion or solids penetration, which includes mechanical interlocking; 
and (c) delamination or deagglomeration of the lubricating agent to form 
a film coating (usually discontinuous) on the substrate particles. 
Whichever mechanisms may be involved, the effect of mixing time should 
modify both glidant and lubricant roles of the agent. 


The true lubricant role of these antifriction agents in pharmaceutical 
mixes occurs during and after the primary compaction process in tablet 
manufacturing. While facilitating consolidation of particles in the die 
cavity, these agents prevent adhesion of the tablet surface to the dies and 
punches during compression. During ejection, the agents act as boundary 
lubricants by reducing the frictional force needed to overcome the shear 
strength a t  the die wall. 


The nature and extent of surface coverage of the lubricant achieved 
by mixing often predetermine the strength or weakness of the consol- 
idating forces. Ultimately, of course, the bonding forces must be designed 
to fail in cohesion and/or adhesion when the tablet performs, ie., disin- 
tegrates and dissolves. The duration of mixing exerts not only a statistical 


effect on randomizing the location of the lubricant within the compact 
but also affects surface characteristics of the powder and interparticular 
bond strength in the compact. 


Hydrophobic surfaces are those granule or tablet surfaces on which 
water will not spread. Ganderton (9) described the effect of lubricant 
distribution on the penetration of a tablet by water. The degree of mixing, 
both in duration and shearing energy, may affect the porosity, air per- 
meability, and liquid penetration rate of a tablet. Magnesium stearate 
is a widely used lubricant and is strongly hydrophobic. In general, it is 
not desirable to render a dosage form hydrophobic inasmuch as the poor 
wetting of a tablet or other solid dosage form can retard dissolution and 
drug release. 


Thus, the hydrophobicity or water repellancy of a surface, when 
measured by contact angle (9), affects the capillary action involved in 
pore penetration. Even if the pores of a surface are hydrophobic, water 
vapor can pass through them if a sufficient hydrostatic pressure is im- 
posed. The presence of hydrophilic sites, which are almost always present 
even on hydrophobic solids, also facilitates the interaction of water on 
a granule or tablet. Thus, it can be assumed that the nature of a hydro- 
phobic surface coverage on a tablet or other solid dosage form enhances 
or retards the interaction rate but does not inhibit the primary inter- 
molecular attractions a t  work during disintegration and dissolution. 


The adsorption of a lubricant and its distribution on the substrate 
surface during mixing determines the hydrophobic matrix. The duration 
of mixing should be related to the clustering around specific sites on the 
solid surface, which will affect the polarity of the localized surface and 
create sufficient large or small areas of hydrophilic character; these areas 
can affect glidancy, consolidation, ejection, dissolution, and other tablet 
processing variables. The extent and effect on hydrophobicity due to 
lubricant coverage as modified by mixing are determined by the primary 
mechanism of action, which physically dominates at  the granule or tablet 
surface. Each of the three general mechanisms previously described op- 
erates uia different pathways in the various unit operations employed. 


Mixing theory has generally been employed to help describe those 
operations in which some energy is applied to a given mass of material 
for the purpose of changing the initial particle arrangement into a more 
desirable one. By using kinetics and assuming that mixing is essentially 
a three-dimensional shuffling operation, Brothman et  al. (28) derived 
an expression: 


St = S,(1 - e e t )  (Eq. 1) 
where S,  is the instantaneous magnitude of a surface of separation, t is 
the time of mixing, S,  is the maximum theoretically possible surface of 
separation, and c is a constant depending on the substances to be mixed 
and the mixing equipment. Thus, the function of a V-shelled blender or 
other mixing device is to enlarge the initial plane of separation between 
ingredients such as excipients and lubricants. The degree of mixing can 
then be measured by the extent of the surface of separation a t  different 
mixing times. This approach allows the evaluation of the amount of 
surface enlargement that would occur in a given period of time as pro- 
portional to the difference between St, the instantaneous magnitude of 
the surface, and its greatest possible value, S,. 


According to the mechanisms of boundary lubrication put forward by 
Strickland et al. (3), solid lubricants such as magnesium stearate are 
adsorbed on the granule surface. These lubricants form a uniform sur-  
face-adsorbed film in a manner similar to a Langmuir-type adsorption. 
If it is assumed that during the mixing process lubricant particles first 
adsorb on the surface and then, upon continued mixing, distribute uni- 
formly upon the granule surface, the breaking of these lubricant particles 
by delamination or deagglomeration may take place. Such processes 
would result in greater coverage of the granule surface by the lubricant, 
thereby producing a greater interfacial surface between the lubricant and 
the excipient granule, i.e , surface of separation. The mixing process 
described by Eq. 1 should then relate an exponential relationship for 
mixing time and any surface coverage-oriented mixing parameter. 


The extension of this mixing theory, based on the concept of the surface 
of separation, can be utilized to relate the interfacial strength of the 
boundaries of granules initiated through mixing and residing in a formed 
dosage unit such as a compressed tablet. Hardness, H ,  is related to the 
intergranular or interfacial bonds formed within a tablet. Shotton and 
Lewis (8) described the effect of a lubricant on tablet hardness. In this 
work, the surface of separation related by mixing time was interpreted 
to derive an expression for hardness as a function of mixing time: 


Ht = H,(1 - e-ct)  (Eq. 2)  


where HL and H ,  represent instantaneous hardness a t  time t and theo- 
retical maximum hardness, respectively. Predicting such an exponential 
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Figure 2-Semilogarithmic relationship of  tablet hardness data shown 
in  Fig. 1. 


relationship for hardness implies a direct mechanism whereby the surface 
of separation affected by mixing is controlling the lubricant-excipient 
interaction and, ultimately, the tablet crushing strength. The experi- 
mental results show that this approach provides some convenient 
guidelines for predicting lubricant action. 


The systems involving magnesium stearate and excipients could be 
described by such a mechanism of time effects. However, it need not be 
the only explanation for lubricant action. Miyake et al. (15) postulated 
a diffusion mechanism for lubricant action. All such results seem to apply 
for magnesium stearate but not necessarily for all other pharmaceutical 
lubricants. Until more comparisons are made, one can only speculate on 
how lubricant action is altered by time effects. Nevertheless, there is 
ample evidence now that delamination is at. least a primary mechanism 
for magnesium stearate. 


The extension of mixing theory to lubricantiexcipient interactions can 
be fully exploited if the surface of separation meets other criteria of 
physical models useful to pharmaceutical operations. Thus, glidancy, 
lubricancy, frictional flow, and compression (due to plastic deformation 
and flow) all can rely on the qualitative measure of degree of mixing de- 
scribed by three-dimensional shuffling and a surface of separation. 
Moreover, within the compact, the hydrophobicity (affecting disinte- 
gration and dissolution) as well as hardness (measured only as crushing 
strength) are equally extrapolatable to the time effects of mixing. Such 
concepts must be refined in controlled studies, however, since the c value, 
assumed to be a constant, could be a variant for the changing shear effects 
in a blender or the changes in particle character of materials. 


EXPERIMENTAL 


Materials used in the mixing study were spray-dried lactose USP, 
microcrystalline cellulose (medium powder) NF, magnesium stearate 
USP, talc (bolted) USP, stearic acid USP, colloidal silicon dioxide NF, 
calcium stearate NF, and salicylic acid USP. Throughout the study, a 
single lot of each material was used to eliminate the possibility of lot-to-lot 
variability. 


Mixing operations were performed in a 3.8-liter stainless steel twin- 
shell V-shape mixer’. Unless specified otherwise, 1 kg of spray-dried 
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Figure 3-Ejection force o f  lactose-1% magnesium stearate tablets 
as a function of mixing time. Tablets were compressed at 1620 (A), 1300 
(BI, and 970 (C) kg. 


lactose or 475 g of microcrystalline cellulose was employed in all studies. 
To prepare an excipient-lubricant mixture, a weighed amount of lubri- 
cant was screened through a 40-mesh screen over the bed of excipient; 
the mixture was then transferred into the mixer and allowed to blend a t  
22 rpm for a specified period. A series of mixtures blended for different 
time intervals was prepared similarly. 


Tablets were compressed on an instrumented single-punch2 machine, 
equipped with 1.9-cm diameter half-oval punches, at  a machine speed 
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Figure 4-Apparent bulk volume of lactose-1 % magnesium stearate 
mixtures as a function of mixing time. 
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Figure 5-Semilogarithmic relationship of apparent bulk volume data 
shown i n  Fig. 4. 


of 56 tablets/min. A tablet weight of 550 mg for the lactose tablets and 
of 372 mg for microcrystalline cellulose tablets was maintained. Com- 
pression and ejection forces were recorded by photographing the signals 
transmitted by strain gauges to an oscilloscope. 


The apparent bulk volume of the powder mixture was determined by 
volumetric measurement of the mixture in a 500-ml conical flask. The 
mixture was transferred into the flask a t  a uniform rate of about 100 
g/min by a mechanical conveyor. From the fill weight and volume of the 
flask, the apparent bulk volume of the mixture was calculated. During 
the filling operation, care was taken to avoid any vibration of the flask. 
Repeated measurements by this procedure showed less than 5% variation 
in the bulk volume values. 


The dissolution rate of salicylic acid from an i n  s i tu  constant-surface 
pellet was determined by the Levy and Hayes (29) beaker method with 
the pellet suspended 3 cm above the bottom of the beaker. The test 
conditions employed were 1000 ml of pH 7.5 phosphate buffer, 37", and 
a 300-rpm stirring speed. The amount of salicylic acid dissolved was 
measured by automated spectrophotometric analysis of the dissolution 
medium. 


RESULTS AND DISCUSSION 


Spray-dried lactose and microcrystalline cellulose, typical direct 
compaction adjuvants, were selected as the major inert excipients. 


8 
20 40 60 80 100 


MIXING TIME, min 
Figure 6-Disintegration t ime (USP) of lactose-1 % magnesium 
stearate tablets plotted as a function o f  mixing time. Tablets were 
compressed a t  1300 kg. 
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Figure 7-Correlation between disintegration t ime and hardness of 
lactose-1% magnesium stearate tablets (r = 0.9544). 


Magnesium stearate was the common lubricating agent added. Among 
the properties of the excipient-lubricant mixtures evaluated as a function 
of mixing time were apparent bulk volume, surface morphology, ejection 
force during tablet compression, tablet hardness, and tablet disintegra- 
tion. 


Lactose-Magnesium Stearate Mixing Studies-Figure 1 shows the 
effect of mixing time upon tablet hardness for the lactose-1% magnesium 
stearate blends compressed a t  three different compression forces. The 
hardness continued to decrease and reached a constant value with the 
increased mixing time. A plot of log [(hardness a t  time t )  - (hardness at 
100 min)] uersus mixing time (Fig. 2) suggests an apparent first-order 
rate of change in tablet hardness. These results correlate with Eq. 2, which 
predicts an exponential change in tablet hardness as a function of mixing 
time. 


The effect of mixing time on the ejection force recorded during tablet 
compression is shown in Fig. 3. The decrease in the ejection force upon 
mixing would reflect increased lubrication efficiency of magnesium 
stearate as a result of greater surface coverage by the lubricant. The ratio 
of compression to ejection force at  100 min was about 31 kg for the three 
compression forces employed. This ratio may be considered as the opti- 
mum lubricant efficiency of magnesium stearate in this system. Similar 
results were also obtained with 0.5% magnesium stearate, but the lubri- 
cation efficiency ratio after 100 min of mixing was about half of that  for 
the 1% magnesium stearate-lactose system. 


During tablet compression, the die-fill weight tended to increase with 
a longer mixing time. To maintain constant weight, it was necessary to 
reduce the fill volume by adjusting the lower punch settings. This ob- 
servation prompted a study of the effect of mixing time upon the apparent 
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Figure 8-Dissolution of salicylic acid f rom constant-surface pellets 
containing lactose and magnesium stearate. Lubricant mixing time was 
10 (A)  and 100 (B) min. 
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Table I-Magnesium Stearate Concentration of Lactose Tablets 
Determined by Atomic Absorption Analysis 


Mixing 
Time, Tablet Tablet Tablet Tablet Tablet Aver- 


Magnesium Stearate in Tablet, % 


min 1 2 3 4 5 age SD 


4 102.9 86.1 104.8 106.6 102.9 100.7 8.23 
100 104.8 111.3 106.6 97.3 107.6 105.5 5.17 


bulk volume of the mixture samples. Figure 4 shows a decrease in the 
apparent bulk volume of lactose-1% magnesium stearate mixture with 
the longer mixing time. A log exponential relationship of [(bulk volume 
at time t ) - (hulk volume at 100 min)] uersus mixing time is shown in Fig. 
5.  These results suggest that, like tablet hardness, apparent bulk volume 
also changes by an apparent first-order rate with respect to mixing time. 
Furthermore, the first-order rate constant value of 4.33 X min-' for 
the tablet hardness estimated from Fig. 2 seems quite comparable with 
5.54 X min-' for the apparent bulk volume, suggesting that the in- 
fluence of mixing time upon both properties is probably a manifestation 
of the enlarged surface of separation or greater surface coverage by the 
lubricant upon mixing. 


The duration of mixing had major effects upon the tablet disintegra- 
tion. Figure 6 shows the USP disintegration time of lactose-1% magne- 
sium stearate tablets plotted as a function of mixing time. The mixtures 
blended for a longer time yielded tablets with.a slow disintegration. The 
observed effect upon tablet disintegration may be attributed to the for- 
mation of a hydrophobic surface by the lubricant upon mixing. A corre- 
lation of disintegration time with tablet hardness (Fig. 7) represents a 
unique case, where disintegration time is inversely proportional to tablet 
hardness (i.e., the harder the tablet, the faster it disintegrates). This result 
is due to the decline in tablet hardness and prolongation of disintegration 
time as a result of the lubricant covering over the surface of lactose par- 
ticles upon mixing. 


In an effort to demonstrate the influence of mixing time upon drug 
dissolution, a well-mixed sample of lactose-1% salicylic acid was subjected 
to further mixing with 1% magnesium stearate for 10 and 100 min. Dis- 
solution rates of salicylic acid were determined from canstant-surface 
pellets of the two mixtures. The pellet prepared from the 10-min mixed 
sample dissolved at a relatively faster rate (0.53 mg/ml) compared to the 
100-min mixed sample (0.40 mg/ml) (Fig. 8). This effect of lubricant upon 
the dissolution rate is attributed to the increased hydrophobicity of the 
compact with a prolonged mixing time. 


The magnesium stearate content in the lactose tablets was examined 
to confirm the distribution of lubricant in each tablet during the con- 
tinued mixing process. Atomic absorption analysis of tablet samples made 
a t  4- and 100-min mixing intervals for the 1.0% magnesium stearate- 
lactose system is shown in Table I. The elemental analysis was reasonably 
uniform even after only 4 min of mixing. 


Particle-size analysis of sieving also independently confirmed that the 
essential size distribution of each mixture was not altered during any of 
the lactose-stearate mixing studies. 


Microcrystalline Cellulose-Lubricant Mixing Studies-These 
studies were performed similarly to the lactose studies. In these studies, 
475 g of microcrystalline cellulose was used because the apparent bulk 
volume of this amount of microcrystalline cellulose is equivalent to 1.0 
kg of spray-dried lactose. This amount kept the bulk volume essentially 
constant for mixing in a similar size mixer. 


The effect of mixing time on tablet hardness is shown in Fig. 9 for mi- 
crocrystalline cellulose-l% magnesium stearate tablets. These results 
show the same surface coverage-oriented mixing dependency of Eq. 2 as 
was found previously for lactose. This result again may be interpreted 
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Figure 9-Strong-Cobb tablet hardness of microcrystalline cellu- 
lose-I % magnesium stearate tablets plotted o n  a linear (left) and 
semilogarithmic (right) scale as a func t ion  of mixing time. 
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Figure 10-Apparent bulk volume of a microcrystalline cellulose-l 9; 
magnesium stearate mix plotted o n  a linear (left) and semilogarithmic 
(right) scale as a function of mixing time. 


as the kinetics of a three-dimensional shuffling operation in which the 
surface of separation is enlarged upon mixing. 


As in the lactose studies, the apparent bulk volume of the microcrys- 
talline cellulose-1% magnesium stearate mixture decreased with mixing 
time (Fig. 10). The rate constant for the change in the bulk volume, k = 
4.07 X lo-* min-l, is quite comparable to the k = 3.46 X min-' 
obtained for the hardness change (Fig. 91, suggesting that both properties 
are related to the extent of lubricant surface coverage. 


The influence of mixing microcrystalline cellulose with various lubri- 
cants upon apparent bulk volume was examined. Mixing of microcrys- 
talline cellulose alone, without lubricant, showed no apparent change in 
the bulk volume (Fig. 11). Stearic acid also produced no significant 
change. A rapid initial change observed with talc and colloidal silicon 
dioxide may be attributed to their action as glidants rather than as lu- 
bricants. Magnesium stearate and calcium stearate showed essentially 
a similar change in the bulk volume as a function of mixing time. 


Scanning electron microscopy studies were performed on both lactose 
and microcrystalline cellulose systems lubricated with 1.0% magnesium 
stearate. The spray-dried lactose is relatively equidimensional in shape, 
characteristic of powders prepared in this manner. The morphology of 
microcrystalline cellulose is such that the powder can be assumed to be 
composed of microfibers with elongation ratios (length to width) typically 
in the 3.0-5.0 range. Magnesium stearate occurs as a lamellar solid, 
stacked in plate-like sheets resembling a deck of cards. 


Magnesium stearate particles adhered to the surface of spray-dried 
lactose granules could be identified by scanning electron microscopic 
observations. However, they could not be identified on microcrystalline 
cellulose because of the similar morphology of the fine particle debris of 
microcrystalline cellulose itself. Figure 12 shows photomicrographs of 
lactose-magnesium stearate samples blended for 8 and 100 min. These 
photographs suggest that  magnesium stearate adsorbs on the surface of 
lactose during the initial mixing time. As mixing proceeds at  100 min, the 
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Figure 11-Apparent bulk volume of microcrystalline cellulose-lu- 
bricant mixtures plotted as a function of mixing time. Key: 0,  no lu- 
bricant; 0 ,  1% stearic acid; 0,396 talc; m, 0.3% colloidal silicon dioxide; 
0,170 magnesium stearate; and A, 1 %  calcium stearate. 
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Figure 12-Scanning electron microscopic photomicrographs of lac- 
tose-1 % magnesium stearate 8- (left) and 100- (right) min mixes. 


population of individual magnesium particles increases by a delamination 
process, and a greater surface coverage of lactose particles by magnesium 
stearate results. 


The mechanism of lubrication envisioned for magnesium stearate in- 
volves surface coverage due to adsorption upon initial mixing. As mixing 
continues, the shear effects induce delamination or deagglomeration of 
the lubricant to harness more stearate particles that slide or adhere on 
the excipient granule surface. The adhered particles, once they delami- 
nate to individual “cards,” no longer spread over the excipient surface 
during mixing. This process accounts for the leveling in the bulk volume 
and, perhaps, the hardness plots after long mixing times. This mechanism 
is called delamination or the “stack of cards” theory because the shear- 
induced effects of continued mixing are arrested a t  a given time in the 
mixing cycle. 


Diffusion or solids penetration plays a minor role in the lubricant 
spreading, since mixing occurs as a function of time. Moreover, a con- 
tinuous coating of lubricant does not completely occur during mixing, 
but surface contact adhesion (action of a boundary lubricant) may occur 
only after compression. Under compression, however, a mechanism of 
a lubricant may undergo diffusion adhesion or surface contact adhesion. 
This mixed mechanism of lubricant action may help to explain the 
changes in bulk specific volume and tablet hardness affected by mixing 
time. 


The surface coverage-oriented parameters affected by mixing time 
include glidancy, frictional flow, hydrophobicity, and lubricancy as 
predicted by Eq. 1. The derived expression for hardness shown as Eq. 2 
also appears to be related to a surface or separation phenomenon. This 
mixing effect would be expected to influence not only tablet hardness 
hut tablet compression and hydrophobicity within the compact as well. 
Thus, it may help to explain the mixing time effects noted in the physical 
properties more important to drug release and bioavailahility, such as 
disintegration and dissolution. 
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Competitive Binding between Cocaine and 
Various Drugs to Synthetic Levodopa Melanin 


R. BAWEJA, T. D. SOKOLOSKI, and P. N. PATILx 


Abstract 0 The interaction of 15 drugs with synthetic levodopa melanin 
was studied by measuring their relative tendency to compete with I4C- 
cocaine for sites on the polymer. The binding of cocaine to melanin fol- 
lowed a Type I Langmuir adsorption isotherm in the absence of added 
drugs. Cocaine in the presence of a ninefold greater concentration of 
(+)-norepinephrine, levarterenol, dextroamphetamine, levamfetamine, 
(-)-ephedrine, dopamine, cycbpentolate, tropicamide, and, perhaps, 
desipramine conformed to a Type I adsorption relationship modified to 
account for competitive binding. Reciprocal plots for the binding of co- 
caine in the presence of these drugs permit a comparison of their relative 
affinities to melanin. Chlorpromazine, promazine, fluphenazine, thio- 
ridazine, imipramine, and chloroquine in ratios of 9 1  (drugxocaine) gave 
results that  are not explainable by a model based on competitive inhi- 
bition of cocaine binding. However, studies at ratios of 1:l for promazine 
and of 0.25:l and 1:l for chloroquine showed conformity with the com- 
petitive inhibition model, so affinities could be compared. The behavior 
of cocaine in the presence of thioridazine even a t  a 1:1 ratio cannot be 
judged as competitive inhibition. The overall results showed that the 
relative binding found was: some phenothiazines iz: chloroquine > cy- 
clopentolate > tropicamide > sympathomimetic amines. 


Keyphrases 0 Cocaine-competitive binding with various drugs to 
synthetic levodopa melanin 0 Binding, competitivedocaine and various 
drugs to synthetic levodopa melanin Levodopa melanin, synthetic- 
competitive binding with cocaine and various drugs 0 Melanin, synthetic 
levodopa-competitive binding with cocaine and various drugs 0 Nar- 
cotic anesthetics, topical-cocaine, competitive binding with various 
drugs to synthetic levodopa melanin Pigments-synthetic levodopa 
melanin, competitive binding with cocaine and various drugs 


Many drugs are accumulated and retained by pigmented 
tissue (1-9). Since nonpigmented tissue accumulates only 
small amounts of drug, retention is assumed to be depen- 
dent on pigment cells and their constituents. The melanin 
of the pigment granules in these cells has been implicated 
as the intracellular material responsible for drug binding 
(1,4-6). 


An earlier study (10) attempted to quantify the drug 
interactions with synthetic melanin by assuming that the 
process involved was analogous to adsorption on a solid, 
permitting a calculation of affinity and capacity constants 
to characterize binding. It was observed (10) that (&)- 
cocaine hydrochloride had an affinity for melanin of a 
magnitude and reproducibility that suggested it might be 
used to study the binding of various drugs; the approach 
suggested was the measurement of the tendency of drugs 
to compete with labeled cocaine for melanin sites. 


The present study reports the relative ability of several 
drugs to bind to melanin by measuring their competitive 
displacement of labeled cocaine. Cyclopentolate and tro- 
picamide were selected because they are extensively used 
in ophthalmology (11) and, like cocaine, are less effective 
in pigmented iris (4). The phenothiazines, chlorpromazine, 
fluphenazine, promazine, and thioridazine, were studied 
to see if structural differences affected binding. Desipra- 
mine and imipramine were studied because of their 
structural similarity to phenothiazines. Chloroquine, like 
chlorpromazine, was used because it is reported to produce 
retinopathy and is known to bind to melanin (12). Dex- 
troamphetamine [(+)-amphetamine] and levamfetamine 


[(-)-amphetamine], (+)-norepinephrine and levarterenol 
[(-)-norepinephrine], and dopamine were studied to de- 
termine if there was a stereospecific component to binding. 
The remaining sympathomimetic amine used, (-)- 
ephedrine, is known to be retained by the pigmented iris 
(5,6). 


EXPERIMENTAL 


Preparat ion of Levodopa Melanin-The melanin was prepared as 
reported previously (10). The yield resulting was 4.38 g using exactly the 
same amounts and procedures. This yield is approximately three times 
more than was obtained earlier for unknown reasons. The resulting ma- 
terial, as well as that obtained earlier, showed that a free radical is present, 
as evidenced by its characteristic electron spin resonance signal' similar 
to that of melanin found in nature. 


Materials-'4C-Methoxy-labeled-( &)-cocaine hydrochloride2 (specific 
activity of 3.12 mCi/mmole) was found to be pure using TLC. The unla- 
beled drugs used without further purification were: f l~phenazine~,  
promazine hydrochloride4, chloroquine diphosphate?, imipramine hy- 
drochloride6, thioridazine hydrochloride7, desipramine hydrochlorides, 
dextroamphetamine [(+)-amphetamine] sulfates, levamfetamine [(-)- 
amphetamine] sulfateg, (+)-norepinephrine (+)-bitartrates, levartere- 
nol") [(-)-norepinephrine], dopamine hydr~chloride'~,  (-)-ephedrine 
hydrochloride12, cyclopentolate hydr~chloride'~, t r~picamide '~,  and 
(*)-cocaine hydr~chloride'~.  All other chemicals were reagent grade. 


Methodology fo r  Binding Studies-Portions of 2,4,6,8, and 10 mg 
of synthetic melanin were placed in separate 25-ml flasks. Nonlabeled 
drug was added to 5 ml of 0.1 M phosphate buffer, pH 7.4, to give a con- 
centration normally nine times (5.24 X 10V M )  that of labeled cocaine. 
The suspension was shaken a t  37' for 1 hr in a thermostated water bath. 
Then labeled (%)-cocaine hydrochloride (0.15 ml of a stock solution) was 
added, resulting in a concentration of 5.83 X 10W M (5.8 nCi/ml), and 
shaking was continued for another hour. 


The suspension was then centrifuged's a t  19,ooO rpm for 30 min a t  -2". 
The supernate, 1 ml, was placed in a counting vial, and 1 ml of water and 
12 ml of a liquid scintillation cocktaiP were added. All samples were then 
counted17 for 10 min. The counting efficiency for the instrument was 
86-87%. In a few cases where results showed that the 9:l ratio (unla- 
beled-labeled) was too high, a 1:l  or 0.25:l study was performed. 


In another study, saturation of melanin by cocaine was carried out 
using a constant amount of melanin (2 mg). Unlabeled cocaine was added 
to the labeled compound whose concentration was fixed at 5.83 X 10-6 
M (5.8 nCi/ml). Ratios (unlabeled-labeled) of between 5 1  and.7501 were 
used, and the systems were analyzed for free and bound drug as outlined 
previously (10). 


All experiments were repeated five times. The concentration of cocaine 
bound (as free base) was calculated by taking the difference between the 
amount initially added and the amount remaining in the supernate after 


1 The spectrum was obtained through the courtesy of Dr. Louis Malspeis, College 


2 Mallinckrodt Nuclear, St. Louis, Mo. 


4 Wyeth Laboratories, Philadelphia, Pa. 
5 Sterling-Winthrop Research Institute, Rensselaer, N.Y. 
6 Ciba Pharmaceutical Co., Summit, N.J. 


Sandoz Pharmaceuticals, Hanover, N.J. 
8 USV Pharmaceuticals Corp., Tuckahoe, N.Y. 


Smith Kline & French Laboratories, Philadelphia, Pa. 


General Biochemicals, Chagrin Falls, Ohio. 


of Pharmacy, Ohio State University. 


Schering Corp., Bloomfield, N.J. 


lo Regis Chemicals, Chicago, Ill. 


l2 Maliinckrodt, St. Louis, Mo. 
l3  Alcon Laboratories, Fort Worth, Tex. 
l4 Merck Sharp & Dohme Research Laboratories, West Point, Pa. 
l5 Sorvall RC-PB centrifuge. 
lfi Aquasol, New England Nuclear, Boston, Mass. 


Packard liquid scintillation spectrometer. 
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Figure 1-(a) Free drug concentration as measured by counts per minute per milliliter for cocaine as a function of the cocaine concentrations where 
various proportions of unlabeled to labeled cocaine were used. (b) Reciprocal of the moles of cocaine bound per milligram of melanin as a function 
of the reciprocal of  the free cocaine concentration. The  affinity constant K = 1.203 X 1U5 M-l, and the capacity n = 7.69 X molelmg. 


centrifugation. The average of the five determinations (standard error 
of mean between 1 and 5%) was used for data analysis. 


Treatment  of Binding Data-Cocaine binding to melanin was as- 
sumed to follow a Type I Langmuir adsorption isotherm according to: 


(Eq. 1) nKlclr,,, r =  
1 + K [ c ] f r e e  


where r is the number of moles of cocaine bound per milligram of melanin, 
(c]free is the concentration of free cocaine, n is the maximum number of 
moles of cocaine that can be bound per milligram of melanin, and K is 
proportional to the affinity constant for cocaine binding under the ex- 
perimental conditions. Equation 1 is modified when cocaine binding is 
studied in the presence of a drug that competes for cocaine binding sites. 
In the case of reversible inhibition by the added drug, Eq. 1 becomes: 


where K' is the constant related to the affinity of the drug and [D]free is 
the free inhibitor concentration. Defining the term K,,,, as: 


K 
Kapp = 1 + K"D]f,,, 


and substituting into Eq. 2 gives the following equation upon rear- 
rangement: 


1 - 1  1 1 _ - -  +-- 
r n nKapp  [c]free 


Thus, a plot of the reciprocal of the amount of cocaine bound per milli- 
gram of melanin as a function of the reciprocal of the free cocaine con- 
centration should be linear in the presence of a constant concentration 
of inhibitor. In competitive inhibition of cocaine binding, the y-axis in- 
tercept should be the same as that found in the absence of inhibitor but 
the slope should be greater since Kapp must be less than K.  The greater 
the slope a t  a constant inhibitor concentration, the greater is the affinity, 
K', of the inhibitor for melanin. If the added drug is an irreversible in- 
hibitor of cocaine binding, both the slope and y-axis intercept should 
increase. However, the value for K ,  the x-axis intercept, remains the same 
in the presence and absence of drug inhibitor. 


(Eq. 4) 


RESULTS 


When cocaine binding to melanin was studied using a constant weight 
of melanin (2 mg) and increasing amounts of cocaine (ratios of unlabeled 
to labeled drug increased from 5:l to 7501), the relation between the 
counts per minute per milliliter and the increasing ratio reached a plateau 
above ratios of about 200:l (Fig. l a ) .  Since an increase in counts per 
minute per milliliter reflected displacement of bound labeled cocaine, 
saturation of 2 mg of melanin in 5.15 ml of buffer occurred at concen- 
trations of about 1.17 X lop3 M .  This result showed that the subsequent 
studies involving cocaine binding to melanin in the presence and absence 
of inhibitors were conducted at levels well below cocaine saturation. 


In studies using a constant concentration of labeled cocaine (5.83 X 
M) with varying amounts of melanin added (2-10 mg/5.15 ml), a plot 


of the reciprocal of the experimentally measured amount bound per 
milligram of melanin as a function of the reciprocal of the free cocaine 
concentration was linear (Fig. lb ) .  The result conforms with that pre- 
dicted by Eq. 1, where the n and K values found (7.7 X mole/mg and 
1.20 X 105M-', respectively) are of the same order of magnitude as those 
reported earlier (7) where n = 2.4 X mole/mg and K = 8.9 X lo5 M-l. 
The values are not expected to be exactly the same because of the error 
involved in getting the constants (Table I) and because different batches 
of synthetic melanin were used where the physical characteristics (ex- 
ternal surface area) affecting binding may have been quite different. 
Thus, in spite of different melanins used, the values for cocaine can be 
considered approximately equal within the limits of experimental error. 
The relationship found for cocaine alone (Fig. l b )  was used as the refer- 
ence for all subsequent drug comparison studies. 


Competition for binding sites between cocaine and drugs of several 
pharmacological classes was characterized by plotting the reciprocal of 
the amount of cocaine bound as a function of the reciprocal of the free 
cocaine concentration. Linear relationships were always obtained where 
slopes in plots for cocaine in the presence of another drug were always 
greater than the slope found for cocaine alone (Table I). The amine salts, 
(+)-norepinephrine, levarterenol, dextroamphetamine, levamfetamine, 
(-)-ephedrine, and dopamine, studied a t  a ratio of 91 (amine-cocaine) 
gave good linear double-reciprocal plots as typified by those for (+)- 
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Table I-Linear Regression Parameters for the Langmuir 
Treatment of the Binding of 14C-Cocaine to Melanin in the 
Presence of Several Drugs 


Slope, Intercept, 
Ratio, mgAiter x 10-3 mg/mole x 10-8 
Drug- (Lower/Upper (Lower/Upper 


Drue Cocaine Limitfa Limit)" 


(+)-Norepinephrine 9 1  1.9 (1.4/2.3) 4.1 (1.1/7.1) 
Levarterenol 9:l 1.7 (1.3/2.0) 2.9 (1.7/4.2) 
Dextroamphet- 9:l 2.2 (1.7/2.7) 2.0 (0.5/3.5) 


amine 
Levamfetamine 
(-)-Ephedrine 
Dopamine 
Cyclopentolate 
Tropicamide 
Chlorpromazine 
Fluphenazine 
Promazine 


Thioridazine 
ImiDramine 


9:l 2.3 (1.8/2.8) 2.1 (0.5/3.8) 
9:l 2.1 (1.5/2.6) 3.1 (0.9/5.4) 
9:i 2.3 (i.i/xij 3.3 io.6/5.9j 
9 1  3.1 (2.6/3.6) 2.2 (-0.4/4.8) 
9 1  2.5 (2.2/2.8) 0.8 (-0.7/2.3) 
9 1  2.0 (1.2/2.8) 10.4 (5.9h4.8) 
9 1  2.2 (1.7/2.6) 9.4 (5.5h3.2) 
9:l 2.0 (1.5/2.6) 14.4 (11.7h7.1) 
1:l 2.4 (1.8/3.0) 1.7 (-2.4/5.8) 
1:l 1.6 (1.4/1,9) 8.1 (6.0h0.2) 
9:l 2.2 (1.8/2.8) 6.1 (3.4h.91 


DeGpramine 9 1  2.2 ii.9/2.sj 4.0 (2.0/6.oj 
Chloroquine 9:l 1.9 (1.4/2.4) 17.4 (13.4/21.4) 


1:l 2.0 (1.3/2.7) 7.6 (0.6h4.7) 


(f)-14C-Cocaine Control 1.1 (0.9/1.3) 1.3 (-0.2/2.8) 
0.25:l 2.1 (1.4/2.9) 5.8 (-1.8/13.4) 


a Parentheses contain 95% confidence intervals calculated a t  p = 0.05. 


norepinephrine and levarterenol (Fig. 2). The slopes for all six compounds 
were greater than the slope for cocaine alone, and their intercepts do not 
appear to be statistically different from the intercept of cocaine (Table 
I). 


Cyclopentolate and tropicamide gave slopes larger than those found 
for amine salts (Table I). In comparing the two drugs, cyclopentolate gave 
a slightly larger slope (Fig. 3). 


Studies at ratios of 9:l (drug-cocaine) using the tranquilizers proma- 
zine, chlorpromazine, fluphenazine, thioridazine, imipramine, and 
desipramine and the retinotoxic drug chloroquine gave reciprocal plots 
with slopes greater than those for cocaine alone (Table I). Except for 
desipramine, the y-axis intercepts were greater and statistically different 
from those for cocaine alone, as represented in Fig. 4a for chloroquine. 
Desipramine showed a y-axis intercept (Fig. 4c) with its lower 95% con- 
fidence limit falling within the range for cocaine (Table I). Table I shows 
that the intercept limits for fluphenazine, imipramine, chlorpromazine, 
promazine, and chloroquine were outside the error limit for cocaine. For 


- L  z 


[l / (Drug)freel  X lo-' 


Figure 2-Reciprocal of t h e  moles of cocaine bound per  milligram 
of melanin as a function of the  reciprocal of the free cocaine concen- 
tration. Key: A, cocaine alone; 0, cocaine i n  the presence of levarterenol 
(1:9); and 0,  cocaine i n  the  presence of (+)-norepinephrine (1:9). 
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Figure 3-Reciprocal of the moles of cocaine bound per milligram of  
melanin as a function of the reciprocal of the free cocaine concentration. 
Key:  0 ,  cocaine alone; A, cocaine in the  presence of tropicamide (1.'9,); 
and 0,  cocaine in t h e  presence of cyclopentolate (1:9). 


an unexplained reason, thioridazine at  a 9:l ratio gave results that were 
not analyzable. 


With the assumption that the findings obtained were a result of high 
affinities of the several drugs (except desipramine) for melanin, which 
effectively displaced cocaine from binding sites with a concomitant in- 
troduction of large errors in the calculation of bound cocaine, studies were 
made using chloroquine at  ratios of 1:l and 0.25:l (drug-cocaine) and 
promazine and thioridazine at  ratios of l:l. At  the 1:l ratio, analyzable 
results were obtained for thioridazine. The result for chloroquine at the 
1:l ratio is presented in Fig. 46. The other compounds gave similar results. 
The slopes of the reciprocal plots obtained in these studies were greater 
than those of cocaine alone and the intercepts, except for thioridazine, 
were not statistically different from those found for cocaine alone (Table 
I). 


DISCUSSION 


The linear relationship obtained in the reciprocal plots for the six 
amine salts in the presence of cocaine at ratios of 91,  for desipramine at  
the same ratio, for chloroquine at ratios of 1:l and 0.251, and for 
promazine at a ratio of 1:1, where the y-axis intercepts were not signifi- 
cantly different from the intercept for cocaine studied alone, strongly 
suggests compliance with Eq. 3. The equation assumes that a drug re- 
versibly competes with cocaine for binding sites on melanin where the 
concentration of free inhibitor is relatively constant. Compliance by the 
several drugs suggests that a comparison of the slopes obtained for cocaine 
in the presence of drugs with the slope obtained for cocaine alone can be 
used to compare the relative affinities of the several drugs for melanin. 
Thioridazine is the only drug that does not comply with Eq. 3 at a 1:l 
ratio. 


With the amine salts, an increase in the slope of the reciprocal plots 
occurred at ratios of 91; therefore, among the compounds studied, the 
amine salts showed the weakest binding to melanin. Furthermore, dex- 
troamphetamine and levamfetamine had similar slopes, as did (+)- 
norepinephrine and levarterenol. This result indicates that competitive 
binding is nonstereoselective. The observations with the stereoisomers 
of amphetamine are consistent with the previous studies where the 
binding of each labeled isomer was investigated (10). 


Cyclopentolate and tropicamide showed a greater slope and, hence, a 
greater affinity for melanin than the amine salts at similar ratios of drug 
to labeled cocaine. Cyclopentolate reflected a slightly greater inhibitory 
effect and presumably has a greater affinity for melanin than tropicamide, 
which may be a result of their differing chemical structures. 


For most phenothiazines a t  a 9:l ratio, it was not possible to charac- 


1546 / Journal  of Pharmaceutical Sciences 







“1 
. 0-30 


/ 


-3.0 0 3.0 6.0 9.0 12.0 15.0 


Z1 /(Drug)f,,,l X 1 O+ 
a 


36 - 


-3.0 0 3.0 6.0 9.0 12.0 15.0 


Ll/(Drug)~,,,] X lo-’ 
b 


Figure 4-Reciprocal of the moles of cocaine bound per milligram of melanin as a function of the reciprocal of the free cocaine concentration in the 
presence and absence of (upper curves) chloroquine (9:l) (a), chloroquine (1: l )  (b), and desipramine (9:l) (c). The lower curves are 14C-cocaine 
alone. 


terize the exact nature of the inhibitory effect since the isotherms ob- 
tained were not typical of the Type I adsorption. This result probably 
is a consequence of both the amount of phenothiazine present and the 
strength of the interaction. Desipramine is apparently a much weaker 
inhibitor than other phenothiazines studied since its behavior at a 9 1  
ratio was similar to that of other phenothiazines studied at  a 1:l ratio. 
Chloroquine at a 9 1  ratio behaved similarly to most of the phenothiazines 
(not desipramine) a t  the same ratio. Just as with the phenothiazines, this 
behavior is probably related to i ts  concentration and affinity for mela- 
nin. 


The phenothiazines displaced cocaine at a 1:l ratio, analogous to the 
amine salts a t  a 9 1  ratio, which indicates that phenothiazine affinity is 
greater than amine salt affinity. Chloroquine a t  ratios of 1:l and 0.251 
showed competitive effects similar to the amine salts a t  91; it probably 
has a melanin affinity greater than the amine salts. Cyclopentolate and 
tropicamide, both at  a 9 1  ratio, exhibited greater inhibitory effects than 
the amine salts a t  a similar ratio. When the anomalous behavior of phe- 
nothiazines at a 9 1  ratio is compared with the behavior of cyclopentolate 
and tropicamide at the same ratio, the phenothiazines show a greater 
affinity for melanin than these drugs. 


The significance of these studies is that there is a difference among 
drugs in their affinity for melanin: some phenothiazines = chloroquine 
> cyclopentolate > tropicamide > sympathomimetic amines. It has been 
suggested that binding occurs with melanin via interaction of unshared 
electrons on drugs with the free radical of melanin (13). Further study 
is necessary to clarify the mechanism of drug binding to melanins. 


Because of the binding, regardless of its mechanism, it is possible that 
a drug may localize in the vicinity of melanin in melanin-containing tissue. 
It is easy to visualize such a phenomenon occurring, for example, in the 
eye where a localized high total concentration could remain over a long 
period (8, 9). Such a situation might foster toxicity. Chloroquine and 
chlorpromazine are known to produce ocular toxicity (12), and indeed 
they are among the strongest binders to melanin. Thus, it is tempting to 
suggest that there is a relationship between melanin affinity and toxici- 
ty. 


The pharmacological and toxicological significance of the interaction 
of certain drugs with melanins is well recognized (1-6,8,9). Since many 
other drugs also interact and bind with melanins, the pharmacological 


and toxicological significance of these interactions is perhaps underes- 
timated. 
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extraction is crit,ical. Recovery studies a t  pH 4.75 showed complete ex- 
traction of anthranilic acid over the effective assay range of 2-10 pg/ml 
(Table I); but a t  a slightly higher pH level of 5.0 or at a slightly lower level 
of 4.5, only about one-half of the anthranilic acid was extracted (Fig. 
2). 
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Detection of Penicillin G and Ampicillin as 
Contaminants in Tetracyclines and Penicillamine 


DORIS HERBST 


Abstract 0 A method was developed to detect residual levels of ampi- 
cillin and penicillin G in various tetracyclines and penicillamine. Residues 
are detected by reversed-phase TLC followed by bioautography. The 
directness of the techniques makes this method a good means of detecting 
residual contaminants in drugs. 


Keyphrases 0 Penicillin G-TLC-bioautographic analysis as con- 
taminant in various tetracyclines and penicillamine Ampicillin- 
TLC-bioautographic analysis as contaminant in various tetracyclines 
and penicillamine 0 TLC-bioautography-analysis, penicillin G and 
ampicillin as contaminants in various tetracyclines and penicillamine 
0 Tetracyclines, various-TLC-bioautographic analysis of penicillin 
G and ampicillin as contaminants Penicillamine-TLC-bioautogra- 
phic analysis of penicillin G and ampicillin as contaminants Antibac- 
terials-TLC-bioautographic analysis of penicillin G and ampicillin as 
contaminants in various tetracyclines and penicillamine 


The problem of penicillin contamination in nonpeni- 
cillin products was recognized as early as 1964. An ad hoc 
Advisory Committee on Penicillin Contamination com- 
posed of experts in the fields of allergy and penicillin 
therapy (1) was convened by the Commissioner of Food 
and Drugs to evaluate the potential public health prob- 
lems. The potential danger of allergic reactions, ranging 
from minor symptoms to fatal anaphylaxis, and the pos- 
sibility of sensitizing individuals by repeated trace doses 
were considered. 


Based on the data then available, limits on the amount 
of penicillin allowable in nonpenicillin drugs were rec- 
ommended. These limits were less than 0.05 unit/maxi- 
mum single dose for parenteral drugs and less than 0.5 
unit/maximum single dose for oral drugs. Methods to de- 
tect penicillin G were specified by the Food and Drug 
Administration (2). 


BACKGROUND 


In 1974, a screening study (3) was conducted to ascertain which, if any, 
of the other penicillins could be detected in erythromycin and tetracycline 
by existing methods. That study showed that the current methods were 
less sensitive to residual levels of phenethicillin, methicillin, nafcillin, 
oxacillin, and cephalothin and were completely incapable of detecting 
residual ampicillin. 


This 1974 evaluation indicated the need for new methods to detect 
residual ampicillin. Investigations conducted in 1974 resulted in a new 
bioautographic method (4) t o  separate and detect as little as 1 ppm of 
ampicillin from tetracycline hydrochloride bulk powder. 


In 1975, new procedures (5) were described for the detection of ampi- 
cillin and penicillin G contaminants in demeclocycline and chlortetra- 
cycline. Although analytical capabilities had been expanded, additional 
methods were needed to detect ampicillin and penicillin G in doxycycline, 
oxytetracycline, and methacycline. Biagi et al. (6) described a re- 
versed-phase TLC method to determine partition data for the penicillins. 
Using various concentrations of acetone in the mobile phase (6) of this 
system, they varied the Rf values of 11 penicillins and concluded “The 
most hydrophilic compounds are the first to reach a maximum Rf value. 
On the other hand, a t  0% acetone in the mobile phase the most lipophilic 
compounds remained close to the origin” (6). 


The  possibility that this type of system might be applied to residual 
contamination of other antibiotics seemed feasible. The techniques de- 
scribed by Biagi et al. (6) were applied to the detection of residual am- 
picillin and penicillin G in the tetracyclines and residual penicillin G in 
penicillamine. 


EXPERIMENTAL 


Preparat ion of TLC Plates-TLC plates’, 20 X 20 cm, precoated 
with silica gel GF2, were impregnated with silicone? by developing the 
plates in 200 ml of silicone-ether4 (5:95 v/v) in a covered developing 
chamber. After overnight development, the plates were removed from 
the chamber and allowed to air dry a t  room temperature. 


Sample Preparation-With glass-stoppered volumetric flasks to 
prevent evaporation of the solvent, standard solutions of ampicillin were 
prepared in acetone5 to contain 0.1,0.05,0.025,0.0125, and 0.00625 pg/ml. 
A similar set of penicillin G standards was prepared. Portions of 25 mg 
of chlortetracycline (I), demeclocycline (111, methacycline (1111, mino- 
cycline (IV), oxytetracycline (V), tetracycline (VI), and doxycycline hy- 
clate (VII) were placed in small (7 ml) glass-stoppered weighing vials. One 
milliliter of each standard solution was added to the vials containing the 
tetracyclines; then the vials were stoppered and gently shaken for a few 
seconds to  form a suspension of the drugs. 


This same procedure was followed for a second set of samples using 
the penicillin G standards. In addition, 250-mg portions of penicillamine 


Analtech, Inc., Blue Hen Industrial Park, Newark, DE 19711. 


Silicone DC 200 (350 centistokes), Applied Science Laboratories, State College, 


Burdick &Jackson Laboratories, Muskegon, MI 49442. 
Fisher Scientific, Fair Lawn, N.J. 


2 Brinkmann Instruments, Westbury, NY 11590. 


PA 16801. 
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Table I-Maximum Volume Spotted and Lower Limits of 
Detection of Penicillin Residues in  Tetracyclines and 
Penicillamine” 


* 


Total Units of Lower Detection 
Volume Suspensions, Limits, 


Antibiotic Spotted, pl pglml ng 


18 


16 


-14 


Tetracycline 50 0.025 
Methacycline 50 0.025 
Doxycycline 50 0.025 
Demeclocycline 50 0.025 
Minocycline 50 0.025 
Oxvtetracvcline 20 0.05 


0 0  0 0 0 0 0  


0.75 
0.75 
0.75 
0.75 
0.75 
0.60 


w 
z 


* l o -  I- 
2 u 


- 8  0 


Chiortetr&ycline 50 0.025 0.75 
Penicillamine 60 0.0125 0.45 


Suspensions were made by adding 1 ml of acetone containing the levels of 
penicillin listed above to 25 mg of each tetracycline. A solution was made by adding 
10 ml of acetone containing 0.0125 unit of penicillin/ml to the contents of one 250-mg 
penicillamine capsule. The maximum amount of these samples that exhibited ac- 
ceptable separation and t.he lower limits of detection are listed. 


capsules were placed in screw-capped glass test tubes (16 X 125 mm) and 
spiked with 10 ml of each standard solution of penicillin G. 


Chromatographic Procedure-The silicone-impregnated plates 
were marked with a finish line horizontally about 1 cm from the top of 
the plate. With a 10-p1 tip and holder, aliquots of 10-100 p1 were spotted 
on a line 2 cm from the bottom of the plates. Various aliquots were used 
to determine the maximum amount that could be spotted and still 
maintain sufficient separation of the contaminant from the antibiotic. 
These aliquots were delivered 10 pl at a time and dried with a gentle air 
flow to keep the spots as small as possible. 


An aqueous buffer was prepared by placing 19.4 g of sodium acetate6 
(crystal) in 1 liter of distilled water and lowering the pH to 7.4 by adding 
small amounts of barbital5 while stirring. This buffer was then filtered 
through analytical filter paper7 to remove any undissolved barbital. The 
impregnated plates were then placed in an unsaturated tank containing 
100 ml of barbital acetate buffer-acetone (946 vlv). The solvent front 
was allowed to move to the finish line, and the plates were removed and 
air dried at  room temperature. The drying process was hastened by in- 
cubating the plates at 54O for approximately 10 min. 


Bioautographic Procedure-The dried chromatographic plates were 
placed in plastic bioassay trays8 (23 X 23 cm, with lids) and secured to 
the bottom of the plastic trays with double-sided tape to prevent the 
plates from floating when the liquid agar medium was added. Each plate 
was flooded with 100 ml of antibiotic medium No. 4 (yeast beef agar), 


-16 


J 
VI  v I I1 IV Ill V I I  


Figure 1-Sketch of typical plate. Key: circular zones, ampicillin; and 
bearded zones, various tetracyclines. 


J. T. Baker Chemical Co., Philli sburg, NJ 08865. 
No. 588, Scblelcher & Schuell, k e n e ,  NH 03431. 


8 Vanguard International Inc.. Red Bank, NJ 07701. 


Table 11-Maximum Volume Spotted and Lower Limits of 
Detection of Ampicillin Residues in Tetracyclinesa 


Total Units of Lower Detection 
Volume Suspensions, Limits, 


Antibiotic Spotted, p1 pdml ng 
Tetracycline 30 0.025 
Methacycline 30 0.025 
Doxycycline 30 0.025 
Demeclocvcline 30 0.025 


0.75 
0.75 
0.75 
0.75 


Minocyclhe 30 0.025 0.75 
Oxytetracycline 20 0.025 0.5 
Chlortetracycline 30 0.025 0.75 


Sus ensions were made by adding 1 ml of acetone containing 0.025 pg of am- 
picillin/% to 25 mg of each tetracycline. The maximum amounts of these suspen- 
sions spotted that exhibited acceptable separation and the lower limits of detection 
are listed. 


which had been inoculated with 0.02 ml of a suspension of Sarcina lutea 
(ATCC 94319). 


When the agar had set (about 20 min), the bioassay trays were covered, 
placed in a plastic bag with a piece of damp paper, sealed, and refrigerated 
for approximately 1 hr. The trays were then incubated with the sealed 
bag intact a t  30’ overnight. After 16-18 hr of incubation, the areas of 
inhibition were visualized by spraying the plates with a solution of 2% 
2,3,5-triphenyltetrazolium chloride5 plus 2% dextrose’O in 50% metha- 
no15. 


RESULTS AND DISCUSSION 


The bioautographic plates exhibited clear areas of inhibition in the 
presence of the drugs in contrast to a dark-purple background. The tet- 
racyclines tended to produce areas of inhibition that remained at the 
starting line but bearded upward. Ampicillin migrated an average dis- 
tance of 8 cm; its R, value was 0.47 (Fig. 1). Penicillin residues, when 
separated from the tetracyclines, presented a picture similar to that 
shown in Fig. 1 but had migrated a distance of 5 cm for an Rf value of 
0.29. 


To determine the maximum amount of the spiked antibiotic suspen- 
sions that could be spotted and still maintain adequate separation of the 
two drugs, suspensions at levels of 0.2,0.1,0.05,0.025, and 0.0125 pg of 
ampicillinlml and unit of penicillin Glml were spotted in varying amounts 
(10-100 pl). The amounts spotted and the sensitivities of this system to 
penicillin G and ampicillin in the various drugs used are shown in Tables 
I and 11. 


Penicillamine (250 mg) was spiked with penicillin G (10 ml) at levels 
of 0.2,0.1,0.05,0.025, and 0.0125 unitlml, and 60 p1 of each solution was 
spotted. Good separation was effected, the penicillin G migrated 6.5 cm, 
and an Rf value of 0.38 was obtained. 


Although an extensive stability study of the spiked sample suspensions 
was not conducted, spot checks indicated that penicillin G activity had 
not diminished appreciably in 6 days when suspensions were stored in 
stoppered vials a t  room temperature. Tetracycline, methacycline, and 
chlortetracycline in suspension with penicillin G solutions, as well as a 
standard solution of penicillin G, were tested and responded similarly 
to the original assays. 


In conclusion, this method has the capability of screening large num- 
bers of samples for contamination in a relatively short time. Seven 
samples and one control can be run on each plate. The directness of the 
procedures and the minimum amount of handling involved substantially 
reduced the risk of cross-contamination. 


Further application of these procedures, now in progress, will be the 
subject of a future paper. 
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Kinetics of Concomitant Degradation of Tetracycline to 
Epitetracycline, Anhydrotetracycline, and 
Epianhydrotetracycline in Acid Phosphate Solution 


P. H. YUEN and T. D. SOKOLOSKI" 


Abstract 0 The concentrations of tetracycline, epitetracycline, anhy- 
drotetracycline, and epianhydrotetracycline in pH 1.5 phosphate solution 
were followed as a function of time at four temperatures. Separation and 
quantification of all four species were accomplished using high-pressure 
liquid chromatography. Through nonlinear regression analysis, rate 
constants for the reversible first-order epimerization of tetracycline and 
anhydrotetracycline and for the first-order dehydration of tetracycline 
and epitetracycline were obtained. Solutions to the differential equations 
obtained through Laplace transforms successfully predict concentrations 
found experimentally. The energy of activation for each reaction step was 
calculated and ranged from 15 to 27 kcal/mole. The rate constants for 
tetracycline and epitetracycline dehydration conform with those of earlier 
studies that used different experimental methods. The study shows that 
epimerization of tetracycline and anhydrotetracycline can take place at  
a low pH. 


Keyphrases Tetracycline-kinetics of degradation a t  pH 1.5, effect 
of temperature Degradation kinetics-tetracycline at  pH 1.5, effect 
of temperature 0 Antibacterials-tetracycline, kinetics of degradation 
a t  pH 1.5, effect of temperature 


Tetracycline degradation to toxic epianhydrotetracy- 
cline can take place through tetracycline epimerization 
to epitetracycline (I, 2) followed by dehydration to epi- 
anhydrotetracycline (3) or by dehydration of tetracycline 
to anhydrotetracycline (4) followed by epimerization to 
epianhydrotetracycline (5). The kinetics of each individual 
step have been studied separately under conditions where 
it was assumed that only the reaction of interest was op- 
erative. No reported studies followed all potential reactions 
simultaneously under the same experimental conditions. 
The use of high-pressure liquid chromatography (HPLC), 
which separates all four compounds (tetracycline, epi- 
tetracycline, anhydrotetracycline, and epianhydrotetra- 
cycline), permits such a study ( 5 ) .  This paper presents the 
results for the solution degradation of tetracycline at pH 
1.5 together with the rate expressions defining these re- 
sults. 


EXPERIMENTAL 


Materials-Tetracycline hydrochloride' (I), 4-epitetracycline am- 
monium salt2 (II), anhydrotetracycline hydrochloride3 (III), and 4-epi- 
anhydrotetracycline4 (IV) were used as obtained. All other chemicals were 


f, Lot 3K030-71 EA, Pfizer. 
- Batch 430, British Pharmacopoeia Commission. 


Batch 428, British Pharmacopoeia Commission. 
Lot 3339-99-1, GS-6659, Pfizer. 


reagent grade, and double-distilled deionized water was used to make 
all solutions. 


Apparatus-A high-pressure liquid chromat,ograph5 with a multi- 
wavelength detector6 was used with a 1-m X 2.1-mm strong cation-ex- 
change column7. 


Separation and Quantification-The mobile phase employed in the 
HPLC separation consisted of 0.07 M phosphate-0,0075 M ethylenedi- 
aminetetraacetic acid adjusted to pH 7.0. To improve the separat.ion for 
tetracycline and its degradation products, the operating procedure was 
a slight modification of a previously reported method (5). Specifically, 
the elution was carried out at  a column temperature of 36" and a flow rate 
of 0.55 ml/min (575 psi). The eluent was monitored a t  254 nm a t  0.08 
absorbance unit full scale (aufs). 


Areas under the individual peaks were measured with a polar com- 
pensating planimeters. Known injected amounts of 1-IV in 0.03 N HCI 
were correlated with the areas under the chromatograms obtained. The 
slopes of the linear relationship between moles added and area were 2.625 
X 2.681 X 1.154 X 10-10, and 1.377 X mole/cm2 for I, 
11,111, and IV, respectively. 


Kinetic Method-A DhosDhoric acid stock soiution (1 M )  was adiusted - -  
to pH 1.5 with a concentrated potassium hydroxide solution. The soiution 
was scrubbed with nitrogen and allowed to equilibrate at the temperature 
desired. Appropriate amounts of I were weighed into volumetric flasks 
and dissolved in the phosphate solution. The pH did not change during 
the study. The reaction flasks, sealed with a rubber septum, were im- 
mediately placed in a water bath9 that also protected the solution from 
light. 


At appropriate time intervals, samples were withdrawn, placed in vials, 
and immersed in ice to stop the reaction. A fixed volume of this sample 
was assayed chromatographically by equating areas found with concen- 
tration through a standard curve. The reactions were followed until all 
I was lost. 


RESULTS AND DISCUSSION 


A modification of a previously reported HPLC assay for tetracycline 
and its degradation products (5) results in less overlap between I and its 
epimer (Fig. 1). The retention times for IV, 111, 11, and I were 5.5,8.25, 
22.75, and 30.25 min, respectively. 


The relationship between the concentration of each of the four species 
in the reaction as a function of time gave results as shown in Fig. 2 (ob- 
tained a t  75O). Four temperatures were used (60-80°), and duplicate 
kinetic experiments were run at  each temperature. Studies made at higher 
temperatures yielded results involving large errors, making data analysis 
tenuous. 


The concentration-time profile found a t  each temperature was as- 
sumed to be a consequence of the reaction illustrated in Scheme I. 


DuPont model 830. 
DuPont model 835. 
DuPont Zipax SCX. 
Model 62005, Keuffel and Esser Co. 


9 Haake model FS2. 
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perficial for the pharmaceutical scientist. However, this book should be 
of interest to the lay reader or scientist specifically interested in Chinese 
herbs and herbal medicine. 


pear; and lists national compendia1 names that differ from the INN. The 
Chemical Abstracts Service (CAS) registry number and molecular for- 
mula are also given. The book includes all INN published in the WHO 
Chronicle through March 1976. In addition, there is an appendix of na- 
tional names that differ from INN, a molecular formula index, and a CAS 
registry number index. All of the text appears in both English and 
French. 


Reviewed by David J. Slatkin 
llniuersity of Pittsburgh 
School of Pharmacy 
Pittsburgh, PA 15261 


Staff review 


Advances in Modern Toxicology, Vol. 1, Part 1: New Concepts in 
Safety Evaluation. Edited by MYRON A. MEHLMAN, RAYMOND 
E. SHAPIRO, and HERBERT BLUMENTHAL. Halsted, 605 Third 
Ave., New York, NY 10016,1976.455 pp. 16 X 25 cm. 
Today there is increased governmental and industrial concern re- 


garding the toxicity of chemicals, with emphasis on development of test 
procedures designed to reveal adverse effects before a particular sub- 
stance becomes available for direct or indirect human ingestion. A text 
such as this one can assist scientists in fulfilling this objective. 


Three of the 13 chapters focus on teratogenicity. Chapter 6, Current 
Methodology in Teratology Research, provides useful information re- 
garding selection of the animal model and time of administration. 
Chapter 12, Distribution, Metaholism and Perinatal Toxicity of Pesti- 
cides with References to Food Safety Evaluation: A Review of Selected 
Literature, is a compilation of previously reported data on various pes- 
ticides, eg., DDT, aldrin, and dieldrin. Chapter 13, Transplacental 
Toxicity of Diethylstilbestrol: A Special Problem in Safety Evaluation, 
includes detailed descriptions of the pharmacology and toxicology of 
diethylstilbestrol in both animals and humans. 


Two interesting sections devoted to methodology are Chapter 3, Po- 
tential Contribution of Inbred Syrian Hamsters to Future Toxicology, 
and Chapter 9, Radioautographic Methods for Physiologic Disposition 
and Toxicology Studies. 


Chapter 8 is especially timely since it describes fundamental phar- 
macokinetic principles and their application to toxicological investiga- 
tions. 


Nonlethal Parameters as Indices of Acute Toxicity: Inadequacy of the 
Acute LD50 is the title of Chapter 7, which stresses the need to look be- 
yond the LD5i)value itself, e.g., careful observation of all animals in the 
postadministration period, and pathological examination of survivors 
to detect latent toxicity. 


Portions of the book suffer from inadequate editorial supervision. 
Numerous tables (e.g., Chapter 4, Table 13, and associated Appendix; 
and Chapter 1 1 ,  Tables 1 and 20) contain facts that are not organized on 
any basis. Individual chemicals could have been listed alphabetically 
within each table but instead appear in semirandom fashion. I t  is un- 
fortunate that these defects, which could have easily been corrected, were 
overlooked. 


On the positive side, background data are accompanied by extensive 
reference sections, and potential sources of error in development and 
interpretation of toxicity studies are emphasized. This text is a good 
comprehensive source of information for those conducting toxicological 
research. 


Reuiewed by Frederick J. Goldstein 
Philadelphia College of Pharmacy and 


Philadelphia. PA 19104 
Science 


International Nonproprietary Names (INN) for  Pharmaceutical  
Substances. Cumulative List No. 4. World Health Organization, 
Health and Biomedical Information Programme, 1211 Geneva 27, 
Switzerland, 1976.314 pp. 17.5 X 24 cm. Price $19.20. 
This book is a computer printout of international nonproprietary 


names (INN) of pharmaceutical substances in alphabetical order of the 
Lat.in names. Each entry includes the I N N  in English, French, Russian, 
and Spanish; indicates the national compendia in which the names ap- 


Molecular Connectivity in Chemistry and  Drug Research. By 
LEMONT B. KIER and LOWELL H. HALL. Academic, 111 Fifth 
Ave., New York, NY 10003, 1976.257 pp. 15 X 24 cm. Price $27.00. 
This book represents the results of recent research into the utility of 


the connectivity index as a parameter for correlating physical, chemical, 
and biological properties. The 10 chapters in the book may be divided 
into roughly three sections. 


The first section contains Chapters 1-3 on Structure and Properties, 
Elements of Graph Theory and Topological Indices, and Molecular 
Connectivity, respectively. These provide a general introduction to their 
topics. Both Chapters 2 and 3 may appear to be more abstract and formal 
than necessary on first reading. However, the equations and algorithms 
provided for the calculation of the various connectivity indices are very 
general. Computational facility may be gained through working the many 
examples provided in the numerous tables and in Appendix A. 


The second part of the book, Chapter 4 on Molecular Properties and 
Chapter 5 on Molar (Bulk) Properties and Molecular Connectivity, 
provide examples of the correlation between the various connectivity 
indices and such properties as heat of formation and atomization, molar 
polarizibility, diamagnetic susceptibility, heat of vaporization, boiling 
point, aqueous solubility, and partition coefficient. In general, for each 
physical property the discussion is organized and correlations are pre- 
sented by functional group. 


The third part of the book focuses on biological activity correlations. 
Chapter 6 considers nonspecific biological activity (anesthetic and nar- 
cotic activity), while Chapter 7 considers more specific responses such 
as enzyme inhibition and microbial inhibition. Chapter 8 considers the 
use of multiple chi (connectivity) and chi-squared terms in correlating 
biological activities, while Chapter 9 considers the use of chi terms plus 
other physical property terms, primarily the Hammett sigma values, in 
correlation analyses. Finally, Chapter 10 concludes the book with re- 
flections on the nature and future of connectivity. In this chapter, the 
authors ask such questions as: “Is the particular choice of chi important?” 
and “How is one to interpret the chi terms?”, note problem areas such 
as cis-trans- isomerism, conformation, and high structural complexity, 
and suggest some possible future uses of chi. 


While much of the content is available in the literature, the book pulls 
everything together, plus offers more of an introduction to graph theory 
and the development of the various connectivity indices. As the authors 
clearly state, much remains to be investigated. In the reviewer’s opinion, 
it is too early to assess the value of molecular connectivity relative to other 
parameters. However, the index is no more difficult to compute than 
other commonly employed parameters, and the technique is easily gen- 
eralized to the computation of number of indices. The method certainly 
merits the attention of researchers in structure-activity work as another 
(more fundamental?) parameter to aid in drug design. Although the book 
is more introductory and preliminary than one might like (it represents, 
for the most part, the results of investigations by one research group over 
the past 2-3 years), it can be recommended, particularly to investigators 
interested in structure-activity methodology, as a new and potentially 
useful technique. 


Finally, some simple calculations reveal a cost of over 10 cents per page. 
This seems particularly steep since approximately one-third of the text 
is occupied by tables. 


Reviewed by Gordon L. Amidon 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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GLC Determination of Lidocaine in Human Plasma 


G. CAILLE *x, J. LELORIER *, Y. LATOUR *, and 
J. G. BESNER* 


Abstract 0 A specific, sensitive, rapid, and reproducible analytical GLC 
method for lidocaine in human plasma, including pharmacokinetic pa- 
rameters, is described. Aminopyrine is the internal standard. The method 
was used to study pharmacokinetics in four healthy volunteers following 
the administration of a lidocaine bolus a t  a dose of 1 mg/kg iv and in one 
patient with cardiac arrhythmias who had been given a 50-mg bolus 
followed by a prolonged intravenous infusion for 30 hr. 


Keyphrases 0 Lidocaine-GLC analysis in human plasma, pharma- 
cokinetics GLC-analysis, lidocaine in human plasma Pharmaco- 
kinetics-lidocaine in humans 0 Anesthetics, local-lidocaine, GLC 
analysis in human plasma, pharmacokinetics 


The administration of a lidocaine bolus (defined as a 
rapid intravenous injection) followed by a fairly long in- 
travenous infusion has become a routine practice in the 
treatment of patients with myocardial infarcts. Yet, there 
is very little information concerning the pharmacokinetic 
behavior of lidocaine following a prolonged infusion, and 
this information is controversial. For example, some in- 
vestigators (1,2) observed a mean half-life of 90 min fol- 
lowing an infusion of approximately 12 hr. However, after 
a prolonged infusion of more than 24 hr, half-lives of ap- 
proximately 3.3 (3) and 10 (4) hr were found. The com- 
bined factors of this slower rate of elimination followed by 
hemodynamic changes in the patients and higher blood 
concentrations can increase the drug's toxicity. 


To determine the pharmacokinetics of lidocaine fol- 
lowing a prolonged infusion of more than 24 hr, a specific 
and reproducible analytical technique that provides an 
accurate picture of what occurs in the body is necessary. 
For this reason, the present paper emphasizes the ana- 
lytical data, whereas subsequent studies will concentrate 
on the metabolism, pharmacokinetics, and distribution of 
lidocaine in humans and animals. 


Several equally valid analytical methods (6-9) pre- 
viously used GLC and an internal standard for quantita- 
tive determinations in biological media. However, none of 
these reports discussed possible interference from phar- 
macological agents given concomitantly with lidocaine, 
such as sedatives, opiates, diuretics, bronchodilators, and 
antispasmodics. Therefore, the aim of this study was to 
develop a simple and rapid analytical method for lidocaine 
that would remain specific in the presence of drugs rou- 
tinely administered to patients with ventricular arrhyth- 
mias. 


EXPERIMENTAL 


Materials-Lidocaine' and aminopyrine2 were not less than 98% pure. 
All reagents used for extraction were analytical grade3. Freshly drawn 
human blood4, 300 ml, was centrifuged, and the plasma was analyzed 
initially to make certain that it contained no interfering substances. 


Subjects-Four healthy volunteers whose body weight did not vary 


' Astra Pharmaceutical Products. 
British Drug House Chemicals. 
Fisher Scientific Co. 
American Red Cross. 


more than f 1 0  kg from the mean received a 1-mg/kg bolus of lidocaine. 
Heparinized blood samples were collected a t  0.25,0.50,1,2,3,4, and 6 
hr following drug administration. 


Apparatus-The determinations were performed by GLC using a 
flame-ionization detector5. A 1.8-m, 80-100-mesh, 3% OV-17 Gas Chrom 
Q column was used. The column, detector, and injection port tempera- 
tures were 210,275, and 250°, respectively. The nitrogen gas flow rate 
was 56 ml/min. 


Extraction Procedures-Distilled water, 2 ml, and 0.5 ml of 5 N 
NaOH were added to 2 ml of plasma containing 25 pg of aminopyrine 
internal standard in a 50-ml test tube. The mixture was shaken for 30 sec 
using a test tube mixer. Following the addition of 10 ml of methylene 
chloride, the sample was shaken for 5 min mechanically and centrifuged 
a t  2000 rpm. After being extracted a second time, the organic phases were 
combined and dried over anhydrous sodium sulfate. The organic phase 
was then evaporated to dryness under nitrogen, and the residue was re- 
dissolved in 0.5 ml of chloroform and transferred into a 1-ml conical test 
tube. The solution was again evaporated to dryness under nitrogen, and 
the residue was dissolved in 50 p1 of chloroform. Aliquots of 1.5 f 0.2 pl 
were then analyzed. 


The standard plasma samples were prepared by adding quantities 
equivalent to 0.5,1.25,2.5,5,12.5, and 25 pg of lidocaine to the internal 
standard of each tube. The retention times for lidocaine and the internal 
standard were 4.45 and 6.70 min, respectively. 


The calibration curves were constructed using the ratio of the areas 
under the lidocaine and aminopyrine curves along the ordinate and the 
concentrations of lidocaine along the abscissa. 


RESULTS AND DISCUSSION 


The ratio of the areas under the lidocaine and aminopyrine curves was 
linear for concentrations from 0.10 to 12.5 pg/ml of plasma, concentra- 
tions normally found during treatment. The standard curves in uitro and 
following the lidocaine extraction from the plasma could be superimposed 
on each other; the slopes corresponded to an rz  of 0.999, indicating that 
the extraction of lidocaine and aminopyrine was reproducible for the 
different concentrations studied. 
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HOURS 
Figure 1-Mean pharmacokinetic profile of lidocaine i n  a healthy 
volunteer after a rapid intravenous administration of a 1-mglkg 
bolus. 
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Table I-Plasma Lidocaine Concentrations (pdrnl)  in  Healthy Volunteers following Administration of a 1-mg/kg iv Bolus 
~ ~ 


Hours" 


Subject Weight, ka 0.25 0.50 1 2 36 46 


A 52.16 1.15 0.60 0.40 0.15 0.06 0.02 
B 68.04 0.85 0.69 0.50 0.22 0.10 0.04 
C 62.00 0.82 0.59 0.28 0.11 0.04 0.01 
D 54.34 1.01 0.71 .0.41 0.14 0.05 0.01 


Mean f SE 59.14 f 3.65 0.96 f 0.08 0.65 f 0.03 0.40 f 0.03 0.16 f 0.02 0.06 f 0.01 0.02 f 0.01 


At 6 hr postadministration, a 5-ml plasma sample was used and no lidocaine was 


Each point on the curves represents the mean of five different samples. 
Total recoveries of lidocaine and aminopyrine from the plasma were 99.04 
& 6.5 and 98.60 f 4.2%, respectively. 


This analytical method was specific, since none of the drugs adminis- 
tered concomitantly with lidocaine interfered. These drugs were pro- 
pranolol, procainamide, furosemide, insulin, aspirin, methyprylon, 
cephalexin, digoxin, phenobarbital, quinidine, diazepam, meperidine, 
phenytoin, diphenhydramine, acepifylline, isosorbide, morphine, spi- 
ronolactone, nitroglycerin, atropine, flurazepam, allopurinol, and hy- 
drochlorothiazide. Several were eliminated during the extraction pro- 
cedure in an alkaline medium; others, such as the benzodiazepines and 
narcotics, appeared on the chromatogram only with much higher column 
temperatures. The temperature of the column must be raised to 250' for 
10 min after each determination to eliminate any interfering substances 
from the column. 


The pharmacokinetic differences in the plasma clearance of lidocaine 
given as a rapid intravenous injection to healthy volunteers or as a rapid 
intravenous administration followed by a prolonged infusion of 24 hr or 
more to a patient suffering from ventricular arrhythmia were studied 
using the developed method. The pharmacokinetic behavior of lidocaine 
in both cases conformed to the two-compartment open model represented 
by the following equation (10): 


C p ( t )  = Ae-"t + Be-Bt (Eq. 1) 


I detected. * A 5-ml plasma sample was used at these intervals. 
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One can assume that all of the drug is in the central compartment, V1, 
at the time of injection, so that: 


dose 
v1 =o 


C P  


Also it is assumed that its elimination is quantitative beginning with the 
central comDartment and that an eauilibrium is established between the 
central compartment and'the peripheral tissue compartment, Vz: 


(Eq. 3) Kiz + Kzi v1 
v1 + vz = vd,, = 


Kzi 


In Eq. 1, a and $ are hybrid rate constants permitting the calculation of 
the plasma half-lives of phases a and 3 by the following equations: 


Tpi/z(a) = 0.6931a 


T p  I/@) = 0.693//3 


where a is determined by the method of residuals, and 0 is determined 
by linear regression of a monoexponential equation. 


The pharmacokinetics for the healthy volunteers were calculated using 
the mean results shown in Table I. The pharmacokinetic parameters in 
healthy volunteers following the administration of a bolus are fairly well 
known, and the results confirm the published data (11). However, since 
the a-phase is very short (less than 10 min) and the first sampling time 
was at  the 15-min mark, a rather large error was introduced in its esti- 
mation. Experimentally, an a of 5.99h-', which gives a half-life of 7 min 
for this period, was obtained. 


The 0-phase was calculated to be 0.9fIh-', and the half-life for this phase 
of lidocaine clearance was 44 min. Figures 1 and 2 illustrate the individual 
and mean lidocaine elimination curves for the four healthy volunteers. 


Figure 3 and Table I1 illustrate the response of a patient who received 
a 50-mg bolus of lidocaine by the intravenous route, followed by a pro- 
longed infusion over 30 hr at 120 mghr. Two weeks after his first attack, 
the patient was readmitted to the hospital and given the same treatment 
but only for 24 hr. 


The results presented in Fig. 3 demonstrate both the excellent repro- 


HOURS HOURS 


Figure 2-Pharrnacokinetic profile of lidocaine in four healthy uol- 
unteers after a rapid intravenous administration of a 1-mglkg bolus. 
Key: top left, Subject A; top right, Subject B; bottom left, Subject C; and 
bottom right, Subject D.  
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HOURS 
Figure 3-Pharmacokinetic profile of a slow lidocaine infusion in a 
hospitalized patient. The two infusions, 120 mglhr for  30 (-) and 24 
(- - -) hr, respectively, were 2 weeks apart. 
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Table 11-Pharmacokinetics of Lidocaine in a Patient following 
a Prolonged Infusion“ 


First Infusion, 
Hours d m l  


-29.45 
-17.45 


0 
1 
2 
4 
8 


12 
19 
20 
23 


0 
2.98 
4.04 
3.39 
2.28 
1.43 
0.35 
0.20 
0.10 


N.D. 
- 


Second Infusion, 
d m l  


0 
2.85 
4.55 
3.15 
2.39 
1.72 
0.54 
0.31 


0.10 
N.D. 


- 


0 The first and second infusions were separated by 2 weeks. N.D. = not de- 
tectable. 


ducibility of this analytical method and the difference in the phar- 
macokinetic parameters of lidocaine following a prolonged infusion. The 
two phases, 01 and p, and their values were virtually identical for the two 
slow infusions. The first infusion resulted in a T,L/z((Y)  of 2.08 hr and a 
Tpi/z(p) of 6.18 hr; the second infusion resulted in a TPi/z(a) of 2.14 hr and 
a Tpiiz(B) of 4.93 hr. 


Therefore, it can be concluded that the analytical method described 
confirms that the pharmacokinetic parameters of lidocaine are identical 
for any given subject on the same treatment. However, compared to the 
healthy volunteers, the pharmacokinetic parameters were quite different. 
A true equilibrium was not reached, since the drug concentrations in- 
creased continuously during the infusion. This phenomenon can be ex- 
plained by the fact that  lidocaine inhibits its own metabolism uia its 
acetylated metabolite (5); moreover, its renal excretion is slower, due to 
a reduction in the cardiac inotropic form and rhythm which significantly 
reduce blood flow. The marked lengthening of the a- and p-phases in- 
dicates that considerable caution should be exercised when lidocaine is 
administered by slow infusion, because the toxic effects with lidocaine 
are greater when the blood levels are too high. 
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Kinetics and Mechanism of 
Blue Tetrazolium Reaction with Corticosteroids 


RAUL M. OTEIZA *§, ROBERT S. WOOTEN *#, CHARLES T. KENNER*, 
ROBERT E. GRAHAM t, and EDWARD R. BIEHL *x 


Abstract The kinetics of the reaction of blue tetrazolium with corti- 
costeroids were investigated under pseudo-first-order conditions. The 
reaction rates for various corticosteroids were determined a t  various 
temperatures, and the enthalpy and entropy of activation for these 
compounds were determined. A mechanism is proposed in which an 
electron pair and a proton are transferred to blue tetrazolium from the 
anion formed by the action of tetramethylammonium hydroxide on the 
ty-carbonyl moiety of the corticosteroid. The proposed mechanism is 
consistent with previous experimental results. 


Keyphrases Blue tetrazolium-kinetics of reaction with various 
corticosteroids, effect of temperature, mechanism proposed 0 Cortico- 
steroids, various-kinetics of reaction with blue tetrazolium, effect of 
temperature, mechanism proposed 0 Glucocorticoids, various-kinetics 
of reaction with blue tetrazolium, effect of temperature, mechanism 
proposed 


Various forms of the blue tetrazolium reaction have been 
used for the quantitative determination of corticosteroids 
(1-4). The most widely used method is a slightly modified 


procedure of Mader and Buck (2), which is the official USP 
(5) and NF (6) method. 


In strongly alkaline solution, blue tetrazolium [3,3’- 
[3,3’ - dimethoxy( 1 ,l’-biphenyl)-4,4’-diyl] bis( 2,5-diphe- 
nyl-2H-tetrazolium) dichloride] (I) oxidizes the a-carbonyl 
moiety of the C-17 side chain of the corticosteroid and is 
reduced quantitatively to a highly colored formazan whose 
concentration is measured spectrophotometrically. Ex- 
tensive investigations (1, 3, 4, 7-16) of the reaction con- 
ditions established that the analytical procedure is subject 
to many variables, which are minimized by concurrently 
analyzing blank, standard, and sample. 


Certain kinetic aspects of the blue tetrazolium reaction 
were reported, e.g., the corticosteroid reaction is first order 
(17). Significant variations in the reaction rates of corti- 
costeroids of closely related structures also were noted (1, 
9,14,15,18,19). The reaction rate of corticosteroids with 
I was inversely related to  the dielectric constant of the 
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Relationship between 
Zero Point of Charge and Solubility Product for 
Hydroxides of Polyvalent Cations 


HANS SCHOTT 


Abstract The zero point of charge (ZPC) of slightly soluble compounds 
is the pH at  which their particles suspended in water have zero charge. 
The ZPC values of slightly soluble hydroxides were compared with their 
solubility product in the form of its negative logarithm, pKsp, and with 
the pH of their suspensions in pure water, pHsp, which is a function of 
p K ~ p  The ZPC-pKsp relation was nonlinear while the ZPC-pHsp 
relation was linear. Either equation be used to estimate the ZPC value 
of a hydroxide from its solubility product. The ZPC of a given hydroxide 
was higher than its pHsp because polyvalent cations are more extensively 
adsorbed and less extensively desorbed from the particle surface than 
the monovalent hydroxide ion. At  the pHsp, there are equivalent amounts 
of the cation and of the hydroxide anion in solution, but the surface layer 
of the hydroxide particle contains an excess cation on an equivalent basis. 
This imbalance confers a positive charge to the particle. The solubility 
product of aluminum hydroxide, redetermined at  25' by means of pH 
measurements, was 8 X 10-33. Its ZPC, redetermined by microelectro- 
phoresis, was 8.5 4 0.1. 


Keyphrases Zero point of charge-slightly soluble hydroxides, related 
to solubility product Solubility product-slightly soluble hydroxides, 
related to zero point of charge Hydroxides, slightly soluble-zero point 
of charge related to solubility product Aluminum hydroxide-zero 
point of charge related to solubility product 


A slightly soluble hydroxide, MZ+(OH),-, of cation M 
of valence z has a surface layer of composition [Mz+- 
(OH),]*-", which depends on the pH of the solution. The 
surface charge of the particle is negative at  high pH values 
where z < n and positive at low pH values where z > n. At 
an intermediate pH value where z = n, the surface layer 
has the same composition as the bulk of the hydroxide 
particle, and the net charge is zero. This p H  value, called 
the zero point of charge (ZPC) (1-3), is analogous to the 
isoelectric point of proteins. 


The net surface charges at other pH values arise from 
one of two effects: 


1. Frequently, the amphoteric dissociation of surface 
hydroxide groups produces such a surface charge. For 
aluminum hydroxide, Al(OH)Z+ or A1(OH)20H2+ surface 
groups confer a positive charge to the particle at  pH values 
below the ZPC while Al(OH)4- surface groups confer a 
negative charge to the particle at pH values above the ZPC 
(2,3). 


2. The adsorption from solution of metal hydroxo 
complexes produced by hydrolysis of material dissolved 
from the precipitated hydroxide may confer a charge to the 
particle surface. For aluminum, such complexes include 
[A~~(OH)ZOI~+ (4). 


BACKGROUND 


The ZPC is an important property of the hydroxides. It is equal to the 
pH value at which their suspensions are most highly flocculated, as shown 
by maxima in the sedimentation volume, the rate of sedimentation, and 
the viscosity (2,5,6). Since the {-potential of the particles at the ZPC is 
zero, there is no electrostatic repulsion to oppose the interparticle at- 
traction due to London-van der Waals forces. Hence, the most extensive 
aggregation occurs at the ZPC. An implication of pharmaceutical interest 
is that caking in aluminum hydroxide and magnesium hydroxide sus- 
pensions is least extensive at the ZPC. 


The methods used for measuring the ZPC are lengthy and require 
special experimental precautions (1,2). In electrokinetic measurements, 
for instance, supporting electrolytes are used to adjust the ionic strength. 
These must be indifferent; i.e., the added counterions should display no 
specific adsorption or interaction with the precipitated hydroxides. If 
any anions or cations introduced uia the reagents used in precipitating 
the hydroxides are adsorbed by the particles, they should be removed. 
This removal may be difficult because the gelatinous precipitates exhibit 
pronounced sorptive properties due to their large specific surface areas. 
Moreover, impurities that may have been incorporated in the bulk of the 
particles uia coprecipitation are known to affect the ZPC. These exper- 
imental difficulties are reflected by the lack of agreement frequently 
found among ZPC values reported for a single compound (1). 


Solubility products of slightly soluble hydroxides are relatively easy 
to determine, and an extensive tabulation has been published (7). Values 
reported for the solubility product of a single compound at a given tem- 
perature are generally in good agreement, except for some values pub- 
lished before the late 1930's when reliable techniques for measuring hy- 
drogen-ion activity and concentrations of trace amounts of metals were 
not available. 


Among the published solubility product values, only the value of alu- 
minum hydroxide has some uncertainty attached to it. Reference 7 lists 
14 values measured at  room temperature; 10 are in the range of 


while the earliest four values, determined in 1924 and 1933, vary 
between and 10-13. However, the most recent edition of a widely 
used handbook lists the following three values: 4 X at  15O, 1.1 X 
10-15 a t  1 8 O ,  and 3.7 X lO-l5 at 25' (8). 


In addition to being at  variance with the recent values of Ref. 7, this 
set also seems to be internally inconsistent. When the three values are 
used to  calculate the pH of an aluminum hydroxide suspension at the 
three temperatures, using the appropriate values for the ionization 
product of water, the results are 11.37,10.62, and 10.51, respectively. It 
is unlikely that the 3" temperature increase from 15 to 18' lowered the 
pH by 0.75 unit while the 7O increase from 18 to 25O lowered it  by only 
0.11 unit. 


The purpose of this study was to investigate the existence of a corre- 
lation between the ZPC of polyvalent hydroxides and the solubility 
product or the pH value calculated from the solubility product, pHsp. 
The latter is the pH of a suspension or saturated solution of the hydroxide 
in pure water. It equals the ZPC only if the surface layer has the same 
composition as the bulk of the hydroxide particle, e.g., Al(0H)B in the 
case of aluminum hydroxide. This condition precludes the adsorption 
of dissolved hydroxo complexes as well as the amphoteric dissociation 
of surface groups. 


The only measurements made to supplement the published data were 
redeterminations of the solubility product and of the zero point of charge 
of aluminum hydroxide for the following reasons. Aluminum hydroxide 
suspensions are widely used as antacids and as adsorbents for vaccines 
and toxoids. There are discrepancies in the published values of its solu- 
bility product. The published ZPC values differ somewhat among each 
other and from the values calculated by Eqs. 2 and 3. The redetermined 
ZPC value of aluminum hydroxide would serve as a verification of these 
equations. 


EXPERIMENTAL 


All chemicals were ACS reagent grade. To determine the solubility 
product of aluminum hydroxide, aluminum sulfate octadecahydrate was 
recrystallized three times from water. A 0.01 M solution was treated with 
the stoichiometric amount of sodium hydroxide at  the boiling point. The 
precipitate was immediately purified by washing, electrodialysis, and 
electrodecantation. It was resuspended in freshly redistilled conductivity 
water under careful exclusion of carbon dioxide. 


The pH of the suspension was measured at 25.0 f 0.1" at  regular in- 
tervals, using three different types of pH meters equipped with glass 
electrode systems. The electrodes were immersed in the upper portion 
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Table I-ZPC, Solubility Product, and Derived pH Value for 
Sparingly Soluble Metal Hydroxides 


Cation ZPC PKSP" PHSP 
Zirconium 6.7 50.8 3.96 
Cerium(1v) 6.75 50.6 4.00 
Chromium(II1) 7.0 30.2 6.57 
Mercury(I1) 7.3 25.5 5.60 
Iron(II1) 8.6 37.5 4.75 
Tin(I1) 8.7 25.8 5.50 
Yttrium 9.0 22.9 8.40 
A 1 u m i n u m 9.1 (8.5) 32.1 6.10 
Zinc 9.3 16.4 8.63 
Copperf 11) 9.4 19.5 7.60 
Beryllium 10.2 21.3 7.00 
Lanthanum 10.4 19.8 9.17 
Lead(I0 10.5 15.1 9.07 
Cadmium 10.5 13.8 9.50 
Nickel@) 11.1 15.2 9.03 
Cobalt(r1) 11.4 14.8 9.17 
Iron(1I) 12.0 14.4 9.30 
Magnesium 12.0 10.8 10.50 
Manganese(I1) 12.4 12.8 9.83 


aThe negative logarithm of the solubility product. * Defined by Eq. 1. 


is equal to 1.00 x 10-14: 


(Eq. 1) log - PKSP 
z + l  


pHsp = 14.00 + 
Regression analysis of the data in Table I produced the following two 


correlations. The nonlinear relationship between the ZPC and pKsp can 
be represented by the equation: 


ZPC = 15.41 - 0.355pKsp + 0.00371pKsp2 (Eq. 2) 


The values of F ,  of the coefficient of multiple correlation, and of the 
standard error of the estimate were 29.42,0.917, and 0.869, respectively. 
The inclusion of a cubic term in Eq. 2 improved the precision only mar- 
ginally. 


The linear relationship between the ZPC and pHsp is shown in Fig. 
2 and can be represented by the equation: 


ZPC = 3.82 + 0.764pHsp (Eq. 3) 


The values of F and of the correlation coefficient are 56.6 and 0.877, re- 
spectively. When the experimental difficulties in determining the ZPC 
and the lack of agreement among reported ZPC values for a single com- 
pound are considered, the scatter of data points about Eqs. 2 and 3 is not 
too serious. 


The redetermined ZPC value of aluminum hydroxide, 8.5, is identical 
with the value of 8.48 calculated by Eq. 3. It is somewhat lower than the 
value of 9.1 given in Ref. 1 and higher than the value of 7.85 calculated 
by Eq. 2. The ZPC values for nickel and cobalt hydroxides were recently 
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Figure 1-Effect of pH on electrophoretic mobility of aluminum hy- 
droxide at constant ionic strength. 


of a suspension, and measurements were made after the flocs had settled 
at  least 2 cm below the electrode tips. Between measurements, the flocs 
were maintained in suspension with gentle magnetic stirring. 


The maximum age of the preparations after a constant pH had been 
reached was 11 hr. These short times were designed to prevent extensive 
oxolation of the precipitated hydroxide and the formation of dissolved 
polynuclear hydroxo complexes by leaching. 


For the determination of the ZPC by electrophoresis, aluminum nitrate 
nonahydrate was recrystallized twice from water. Aluminum hydroxide 
was precipitated by dropwise addition of ammonia to a stirred 0.01 M 
solution of aluminum nitrate heated to 80-90'. After cooling, it was 
washed repeatedly by centrifugation and further purified by electrodi- 
alysis. The aluminum hydroxide dispersions were diluted with equal 
volumes of sodium nitrate solutions containing various amounts of so- 
dium hydroxide or nitric acid. Carbon dioxide was excluded by means 
of a nitrogen blanket. The ionic strength of the diluted dispersions was 
maintained constant at 0.010 M. Nitrate ions had been found to be in- 
different counterions for ferric and aluminum oxides (2). 


The dispersions were stirred gently for 48 hr prior to electrophoresis 
to permit the leaching of any formed hydroxo complexes and their ad- 
sorption on the hydroxide particles. Aging for an additional 5 days did 
not produce significantly different mobility values for the two dispersions 
tested. The maximum time elapsed between precipitation and electro- 
phoresis was 2 weeks. Such short aging periods at room temperature did 
not produce significant crystallization of aluminum hydroxide (9). 


Electrophoretic mobilities were measured with the commercial mi- 
croelectrophoresis apparatus described previously (lo), using the glass 
cell with a molybdenum cylinder as the anode and a platinum-iridium 
strip as the cathode. The temperature of the dispersions during the 
measurements varied from 22 to 25O, a variation unlikely to produce 
measurable changes in the electrophoretic mobility (11). The pH of the 
dispersions was measured before and after electrophoresis. The differ- 
ences were 0.2 pH unit or less, except for two electrophoresis runs that 
were excluded from Fig. 1. - 


- RESULTS 


The observed pHsp values of aluminum hydroxide fell in the 5.95-6.25 
range with a mean of 6.10, in agreement with the majority of values re- 
ported in Ref. 7. This result corresponds to a pKsp range of 32.7-31.5 and 
a mean of 32.08. Each point in Fig. 1 represents the average of eight 
electrophoresis measurements. Negative mobility values indicate that 
the particles are negatively charged and migrate to the anode. Interpo- 
lation of the plot of Fig. l to zero mobility places the ZPC of aluminum 
hydroxide at 8.52. The preferred value is 8.5 f 0.2. 


The new value for the solubility product of aluminum hydroxide, other 
values from Ref. 7, and ZPC values from Ref. 1 are listed in Table I, where 
pKsp represents the logarithm of the reciprocal of the solubility product. 
For the equilibrium: 


M(OH),(s) +MI+ + zOH- 
Scheme I 


the following equation is readily derived for 24-25', at which temperature 
the product of the concentrations of hydrogen and hydroxide ions of water 


1 2 1  


L I  I I I I I I I I 


PH 
3 4 5 6 7 8 9 1 0 1 1  


Figure 2-The ZPC-pHsp relation for slightly soluble hydroxides. The 
solid line represents the linear regression (Eq. 3); the broken line has 
a 4 5 O  or unit slope. The solid circle refers to the ZPC and p H s p  values 
of aluminum hydroxide determined in the present work. 
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redetermined on thoroughly analyzed samples (11). The value found for 
nickel hydroxide, 11.1 f 0.1, is identical with the value of Ref. 1 and close 
to the values of 10.88 and 10.72 calculated by Eqs. 2 and 3, respectively. 
Likewise, the ZPC value determined for cobaltous hydroxide, 11.5 f 0.1, 
is nearly identical with the 11.4 value of Ref. 1 and in reasonable agree- 
ment with the values calculated by Eqs. 2 and 3, 10.97 and 10.83, re- 
spectively. 


It is, therefore, possible to estimate the ZPC of an inorganic hydroxide 
from its solubility product or, more specifically, from the pKsp or pHsp 
value by means of Eq. 2 or 3, respectively. 


DISCUSSION 


The cations listed in Table I were arranged in order of increasing ZPC 
values which, according to Eq. 3, also corresponds to increasing pHsp 
values. The ZPC and pHsp values of the hydroxides generally increase 
as the valence of the cations decreases. The t,wo tetravalent cations are 
at the top of the table, having the lowest ZPC and pHsp values. All but 
two of the eight lowest ZPC values belong to tetravalent or trivalent 
cations, and 10 of the 11 highest ZPC values belong to divalent cat- 
ions. 


The ZPC of the hydroxide is always higher than its pHsp. This result 
is shown in Fig. 2 by the fact that the straight line based on experimental 
data lies above the 45O or unit-slope line representing ZPC = pHsp, For 
aluminum hydroxide, as an example, the ZPC value of 8.5 or 9.1 is 2.4 or 
3.0 pH units higher than the pHsp value of 6.1. A t  pH 6.1, the surface 
layer contains less hydroxide and more aluminum than the stoichiometric 
3:l ratio, while the solution contains these two ions in the exact 3:l 
ratio. 


There are two equivalent explanations to account for the difference 
between the ZPC and pHsp or for the difference in the composition of 
the surface layer and the bulk of a hydroxide particle. Again, aluminum 
hydroxide is used for illustration. According to the first viewpoint, the 
trivalent aluminum ion is held more strongly in the aluminum hydroxide 
lattice than the monovalent hydroxide ion because of its higher valence. 
Hence, when the concentration of the two ions in solution is in the ratio 
of 1:3 (which occurs a t  pHsp = 6.1), the negative hydroxide ions escape 
more readily from the surface layer, conferring a positive charge to the 
particle (12). 


From an alternative viewpoint (13), a suspension of aluminum hy- 
droxide contains the following potential-determining ions in solution: 
hydrated aluminum, possibly a polynuclear hydroxo complex of higher 
positivecharge le.g., 4t),and hydroxide ions. At  pH 6.1, the former two 
are more extensively adsorbed from solution onto an aluminum hydroxide 
particle than the latter, based on the number of equivalents, because of 
their higher charge. The greater adsorption of cationic equivalents confers 
a positive charge to the particle. There is a continuous dynamic adsorp- 
tion-desorption equilibrium between ions in solution and ions in the 
surface and the Stern layer of the hydroxide particles. According to both 
explanations, their higher charge is responsible for the greater retention 
or adsorption of the cations by the surface of the hydroxide particles when 
compared to the hydroxide anion, based on the number of equiva- 
lents. 


As more hydroxide ions are added to the solution, the concentration 
of dissolved aluminum ions diminishes correspondingly to maintain the 
solubility product constant, and the adsorption of these two ions onto 
the particle surface approaches the stoichiometric 3:l ratio. When the 
concentration of hydroxide ions is increased from pOH = 14.0 - 6.1 = 
7.9 to pOH = 14.0 - 8.5 = 5.5, equivalent amounts of hydroxide and 
aluminum ions are adsorbed, rendering the particle surface neutral and 
reducing the charge of the particle to zero. At still higher hydroxide-ion 
concentrations, the particle becomes negatively charged because an excess 
of hydroxide ions chemisorbed in the surface layer produces aluminate 
ions in that layer, with a 4:1 ratio of hydroxide to aluminum ions (3). 


Comparison of the slopes of the least-squares line of Fig. 2 represented 
by Eq. 3 and of the 45’ line by means of the t test (14,15) revealed that 
the value of the former, namely, 0.764, differs significantly from 1.000 
despite the scatter of the experimental points. Since their two intercepts 
are also significantly different, the two straight lines are not parallel but 
will converge at  a very high value of pHsp. 


In view of the variability of the ZPC values for different batches of a 
single hydroxide, the following two observations are presented to docu- 
ment the usefulness of knowing the {-potential of the pure hydroxide as 
a function of pH and its ZPC. In manufacturing hydroxide suspensions, 
it is important to achieve uniformity and to minimize batch-to-batch 
variations in the sedimentation volume, the viscosity, the tendency to 
cake, and, hence, in the surface charge density or (-potential a t  the pH 
of the suspension and in the ZPC. 


It is known from practical experience (16) that the pH values for var- 
ious batches of a given hydroxide differ little or not at all from the pHsp 
of the pure hydroxide. The (-potentials of these batches at the pHsp, on 
the other hand, often differ significantly from the {-potential of the pure 
hydroxide because of frequent deviations in their ZPC values from the 
value of the pure hydroxide by as much as 1 pH unit or more. Greater 
deviations in {-potential a t  the suspension pH and in ZPC from the cor- 
responding values of the pure hydroxide frequently cause increased 
batch-to-batch variability in suspension properties and commensurately 
larger drifts of these properties with time. 


Furthermore, the sign and magnitude of the deviation of the ZPC value 
of a batch from that of the pure hydroxide (or the sign and magnit,ude 
of the difference between their {-potentials at p H ~ p )  often indicate the 
cause of such a deviation. For instance, the large variation among the ZPC 
values reported for aluminum hydroxide (1) is probably due to its ten- 
dency to form soluble complexes of high positive valence (4,17) which 
are leached from the precipitate and subsequently adsorbed on its sur- 
face. 


, 


REFERENCES 


(1) G. A. Parks, Chem. Reu., 65,177 (1965). 
(2) J. A. Yopps and D. W. Fuerstenau, J.  Colloid Sci., 19, 61 


(1964). 
(3) L. A. Reber and H. Schott, in “Remington’s Pharmaceutical 


Sciences,” 15th ed., Mack Publishing Co., Easton, Pa., 1975, chap. 21. 
(4) E. Matijevic, K. G. Mathai, R. H. Ottewill, and M. Kerker, J .  


Phys. Chem., 65,826 (1961). 
(5) E. K. Fischer, “Colloidal Dispersions,” Wiley, New York, N.Y., 


1950, chaps. 4 and 5. 
(6) K. J. Mysels, “Introduction to Colloid Chemistry,” Wiley-In- 


terscience, New York, N.Y., 1959, chap. 4. 
(7) L. G. SillBn and A. E. Martell, “Stability Constants of Metal-Ion 


Complexes,” Special Publication No. 17, The Chemical Society, London, 
England, 1964. 


(8) “Handbook of Chemistry and Physics,” 56th ed., R. C. Weast, 
Ed., CRC Press, Cleveland, Ohio, 1975, p. B236. 


(9) S. L. Nail, J. L. White, and S. L. Hem, J .  Pharm. Sci., 65, 231 
(1976). 


(10) H. Schott and C. Y. Young, ibid., 61,182 (1972). 
(11) P. H. Tewari and A. B. Campbell, J .  Colloid Interface Sci., 55, 


(12) K. J. Mysels, “Introduction to Colloid Chemistry,” Wiley--In- 


(13) I. M. Kolthoff and J. J. Lingane, J .  Am. Chem. SOC., 58, 1528 


(14) W. W. Cleland, in “Advances in Enzymology,” vol. 29, F. F. Nord, 


(15) A. Goldstein, “Biostatistics, an Introductory Text,” Macmillan, 


(16) H. Schott and I. J. Kazella, J .  Am. Oil Chem. SOC., 44, 416 


(17) L. G. SillBn, Pure Appl. Chem., 17,55 (1968). 


531 (1976). 


terscience, New York, N.Y., 1959, chap. 17. 


(1936). 


Ed., Wiley-Interscience, New York, N.Y., 1967, p. 20. 


New York, N.Y., 1964, p. 144. 


(1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 9, 1976, from the School of Pharmacy, Temple Uni- 


Accepted for publication January 12,1977. 
Presented at  the Basic Pharmaceutics Section, APhA Academy of 


versity, Philadelphia, PA 19140. 


Pharmaceutical Sciences, Orlando meeting, November 1976. 


1550 /Journal of Pharmaceutical Sciences 








Lines, 5 (3), 111 (1974). ACKNOWLEDGMENTS AND ADDRESSES 
(4) D. V. Herbst, ibid., 5(3), 114 (1974). 
(5) Ibid., 6(1), l(1975). 
(6) G. L. Biagi, A. M. Barbaro, M. F. Gamba, and M. C. Guerra, J. 


Chromatogr., 41,371 (1969). 


Received October 12,1976, from the National Center for Antibiotic 


Accepted for publication January 26,1977. 
Analysis, Food and Drug Administration, Washington, DC 20204. 


Kinetics of Concomitant Degradation of Tetracycline to 
Epitetracycline, Anhydrotetracycline, and 
Epianhydrotetracycline in Acid Phosphate Solution 


P. H. YUEN and T. D. SOKOLOSKI" 


Abstract 0 The concentrations of tetracycline, epitetracycline, anhy- 
drotetracycline, and epianhydrotetracycline in pH 1.5 phosphate solution 
were followed as a function of time at four temperatures. Separation and 
quantification of all four species were accomplished using high-pressure 
liquid chromatography. Through nonlinear regression analysis, rate 
constants for the reversible first-order epimerization of tetracycline and 
anhydrotetracycline and for the first-order dehydration of tetracycline 
and epitetracycline were obtained. Solutions to the differential equations 
obtained through Laplace transforms successfully predict concentrations 
found experimentally. The energy of activation for each reaction step was 
calculated and ranged from 15 to 27 kcal/mole. The rate constants for 
tetracycline and epitetracycline dehydration conform with those of earlier 
studies that used different experimental methods. The study shows that 
epimerization of tetracycline and anhydrotetracycline can take place at  
a low pH. 


Keyphrases Tetracycline-kinetics of degradation a t  pH 1.5, effect 
of temperature Degradation kinetics-tetracycline at  pH 1.5, effect 
of temperature 0 Antibacterials-tetracycline, kinetics of degradation 
a t  pH 1.5, effect of temperature 


Tetracycline degradation to toxic epianhydrotetracy- 
cline can take place through tetracycline epimerization 
to epitetracycline (I, 2) followed by dehydration to epi- 
anhydrotetracycline (3) or by dehydration of tetracycline 
to anhydrotetracycline (4) followed by epimerization to 
epianhydrotetracycline (5). The kinetics of each individual 
step have been studied separately under conditions where 
it was assumed that only the reaction of interest was op- 
erative. No reported studies followed all potential reactions 
simultaneously under the same experimental conditions. 
The use of high-pressure liquid chromatography (HPLC), 
which separates all four compounds (tetracycline, epi- 
tetracycline, anhydrotetracycline, and epianhydrotetra- 
cycline), permits such a study ( 5 ) .  This paper presents the 
results for the solution degradation of tetracycline at pH 
1.5 together with the rate expressions defining these re- 
sults. 


EXPERIMENTAL 


Materials-Tetracycline hydrochloride' (I), 4-epitetracycline am- 
monium salt2 (II), anhydrotetracycline hydrochloride3 (III), and 4-epi- 
anhydrotetracycline4 (IV) were used as obtained. All other chemicals were 


f, Lot 3K030-71 EA, Pfizer. 
- Batch 430, British Pharmacopoeia Commission. 


Batch 428, British Pharmacopoeia Commission. 
Lot 3339-99-1, GS-6659, Pfizer. 


reagent grade, and double-distilled deionized water was used to make 
all solutions. 


Apparatus-A high-pressure liquid chromat,ograph5 with a multi- 
wavelength detector6 was used with a 1-m X 2.1-mm strong cation-ex- 
change column7. 


Separation and Quantification-The mobile phase employed in the 
HPLC separation consisted of 0.07 M phosphate-0,0075 M ethylenedi- 
aminetetraacetic acid adjusted to pH 7.0. To improve the separat.ion for 
tetracycline and its degradation products, the operating procedure was 
a slight modification of a previously reported method (5). Specifically, 
the elution was carried out at  a column temperature of 36" and a flow rate 
of 0.55 ml/min (575 psi). The eluent was monitored a t  254 nm a t  0.08 
absorbance unit full scale (aufs). 


Areas under the individual peaks were measured with a polar com- 
pensating planimeters. Known injected amounts of 1-IV in 0.03 N HCI 
were correlated with the areas under the chromatograms obtained. The 
slopes of the linear relationship between moles added and area were 2.625 
X 2.681 X 1.154 X 10-10, and 1.377 X mole/cm2 for I, 
11,111, and IV, respectively. 


Kinetic Method-A DhosDhoric acid stock soiution (1 M )  was adiusted - -  
to pH 1.5 with a concentrated potassium hydroxide solution. The soiution 
was scrubbed with nitrogen and allowed to equilibrate at the temperature 
desired. Appropriate amounts of I were weighed into volumetric flasks 
and dissolved in the phosphate solution. The pH did not change during 
the study. The reaction flasks, sealed with a rubber septum, were im- 
mediately placed in a water bath9 that also protected the solution from 
light. 


At appropriate time intervals, samples were withdrawn, placed in vials, 
and immersed in ice to stop the reaction. A fixed volume of this sample 
was assayed chromatographically by equating areas found with concen- 
tration through a standard curve. The reactions were followed until all 
I was lost. 


RESULTS AND DISCUSSION 


A modification of a previously reported HPLC assay for tetracycline 
and its degradation products (5) results in less overlap between I and its 
epimer (Fig. 1). The retention times for IV, 111, 11, and I were 5.5,8.25, 
22.75, and 30.25 min, respectively. 


The relationship between the concentration of each of the four species 
in the reaction as a function of time gave results as shown in Fig. 2 (ob- 
tained a t  75O). Four temperatures were used (60-80°), and duplicate 
kinetic experiments were run at  each temperature. Studies made at higher 
temperatures yielded results involving large errors, making data analysis 
tenuous. 


The concentration-time profile found a t  each temperature was as- 
sumed to be a consequence of the reaction illustrated in Scheme I. 


DuPont model 830. 
DuPont model 835. 
DuPont Zipax SCX. 
Model 62005, Keuffel and Esser Co. 


9 Haake model FS2. 
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tetracycline 3 epitetracyc~ine 
L k a  k- l  1 k 4  


anhydrotetracycline & epianhydrotetracycline 
k -z  


Scheme I 


The rate constants for the individual reaction steps can be obtained from 
differential equations defined by the model. The equations are: 


(Eq. 1) 


(Eq. 2) 


-- d'll - k-,[II] - ( k l  + ks ) [ I ]  


-- d[ l l l  - k l [ I ]  - (k - l  + k4)[II] 


dt 


d t  


~- d[llll - k:JI] + k-$V] - k2[III] 


-- d'lV1 - k2[III] + k4[II] - k-$V] 


dt 


dt 
where the rate constants conform to the designation in Scheme I. 


The differential equations for I and I1  (Eqs. 1 and 2) can he solved using 
Laplace transforms without considering the 111 and IV reactions since 
the dehydration process is irreversible first order for both I and 11. The 
solutions to Eqs. 1 and 2 are: 


(Eq. 6) 


where the subscripts to the concentration terms indicate any time, t ,  and 
initial, 0, concentrations and where a and b are complex constants used 
in the Laplace transforms. They are comprised of the reaction rate con- 
stants given in Scheme I and are partly defined in Eqs. 9-11. 


When Eqs. 5 and 6 are substituted into Eqs. 3 and 4, the resulting 
differential equations for I11 and IV can be solved using Laplace trans- 
forms. The integrated equations resulting are: 


4 A i 


I i  1 I I I I I I 


0 5 10 15 20 25 30 35 
MINUTES 


Figure 1-Relationship between detector response and time in  
HPLCseparation of IV  (A ) ,  111 (B) ,  I1 (C), and I (D). 
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l o b  
B - R  


Q 


I - 4  
2 
Lu u 
2 2  


a 


8 
.O 3.5 4.0 


HOURS 
Figure 2-Relationship between concentration and time for I (o) ,  I I  
(O) , I I I  (A) ,and  IV(AfinpH1.5phosphatesolutionand 75" Thesolid 
lines are the least-squares f i t  ( N O N L I N )  of the experimental data 
shown. 


where: 
LI + b = k1 + k - l +  kn + k.i (Eq. 9) 


(Eq. 10) 


(Eq. 11) 


The experimental data, typified in Fig. 2, were fitted using both the 
differential (Eqs. 1-4) and integrated (Eqs. 5-8) forms of the equations 
through nonlinear regression analysis (NONLIN programlo). To use this 
program, initial estimates of the six rate constants are required. The 
values of these initial estimates appear to be quite critical to the outcome 
of the NONLIN program when using the differential equations (Eqs. 
1-4). 


A computerized Runge-Kutta method was used to obtain the six initial 
estimates (6). Trial and error values for the six rate constants defined in 
Scheme I were used until the Runge-Kutta estimation of the concen- 
trations of I-IV at any time approximately agreed with the concentrations 
found experimentally. With these Runge-Kutta estimates as initial es- 
timates, the rate constants generated by the NONLIN program were 
determined (Table I ) .  The largest errors obtained were in the constants 
for the epimerization of 111 (k2 and k-2). 


The use of the integrated forms of the equations in the NONLIN 
program yielded rate constants that were relatively insensitive to the 
initial estimates. The rate constants generated and their accompanying 
standard deviations were virtually identical to those found using the 
differential forms (Table I ) .  For example, when the integrated equations 
(Eqs. 5-8) were used with the data obtained in Trial 1 a t  SOo, where the 
largest errors were found, the rate constants generated (standard de- 
viations in parentheses) were 2.08 (0.153), 0.937 (0.279), 1.87 (0.654),2.19 
(0.729), 1.56 (0.08971, and 2.38 (0.172) for k l ,  k - l ,  k2, k-2, k:1, and k4, 
respectively. 


ab = klk4 + k - l ka  + k3k4  
c = k - 2  + kt, 


I I I I I I I J 


HOURS 
0 0.5 1.0 1.5 2.0 2.5 3.0 


Figure 3-Relationship between the logarithm of I concentration and 
t ime for two trials (0 and A) at 70". Broken lines (- - -) indicate ter- 
minal slope and dotted lines (. - .) indicate feathered initial data for 
Trial 1 (0 )  and Trial 2 (A) .  


Unit 7292, The Upjohn Co 
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Table I-Computer-Generated Rate Constants in Hours-' for the Degradation of I in pH 1.5 Phosphate Solution at Several 
Temperatures 
* 


Temperature f 0.5" k 1' k-1 k2 k-z k3 k4 
60°b 0.414 (0.0274)" 0.373 (0.0531) 0.659 (0.162) 0.665 (0.166) 0.323 (0.0207) 0.206 (0.0344) 


0.392 (0.0192) 0.296 (0.0375) 0.585 (0.130) 0.607 (0.135) 0.302 (0.0156) 0.231 (0.0252) 
70" 1.03 (0.0978) 0.661 (0.178) 1.31 (0.715) 1.46 (0.780) 0.687 (0.0714) 0.732 (0.118) 


0.982 (0.0504) 0.655 (0.0966) 1.33 (0.300) 1.46 (0.325) 0.743 (0.0369) 0.662 (0.0613) 
75" 1.65 (0.0901) 1.43 (0.184) 1.88 (0.422) 2.07 (0.466) 1.28 (0.0677) 0.921 (0.123) 


1.53 (0.0800) 1.05 (0.159) 1.92 (0.436) 2.15 (0.483) 1.23 (0.0601) 1.11 (0.108) 
80" 2.08 (0.153) 0.941 (0.282) 1.87 (0.673) 2.19 (0.750) 1.56 (0.0905) 2.37 (0.176) 


2.27 (0.208) 1.58 (0.405) 1 .go (0.909) 2.03 (0.996) 1.60 (0.128) 2.17 (0.251) 


Rate constant designation conforms to that of Scheme 1. * The results of duplicate trials run at  each temperature are listed. Parentheses contain the NONLIN-generated 
standard deviations. 


Table 11-Values for Constants a and b Determined Experimentally at Four Temperatures and a Comparison of Their Sum with that 
Calculated from Rate Constants Generated by Nonlinear Regression Analysis 


a t b  Ratio of Sums, 
Temperature Trial a ,  hr-' b ,  hr-l Experimental Calculated CalcJExp. 


60" 


70" 


1 0.91 0.22 
2 1.1 0.22 
1 2.4 0.59 
2 2.7 0.63 


1.13 
1.32 
2.99 
3.33 


1.32 
1.22 
3.11 
3.04 


1.17 
0.92 
1.04 
0.91 


75" 1 3.8 0.99 4.79 4.81 1.00 
2 3.1 1.0 4.10 4.92 1.20 


80° I* 6.4' 2.1 8.5 7.8 0.92 
2d 6.4 2.1 8.5 7.6 0.89 


Using the data from Table I and Eq. 9. h Only six data points were available. The 80" data for Trials 1 and 2 were used as one set in the semilogarithmic plots. Only 
five data points were available 


The constants a and b in Eqs. 5 and 6 also can be obtained from 
semilogarithmic plots of concentration versus time using either I or II  
data, with the terminal slope reflecting b and the slope of the feathered 
initial data reflecting a. With the concentration-time data for I ,  semi- 
logarithmic plots were constructed as represented by those in Fig. 3 for 
the two trials made a t  70". The a and b values obtained from such plots 
are given in Table 11. 


A comparison of the sum of the experimentally obtained a and b con- 
stants was made with the sum calculated according to Eq. 9 using the 
constants (Table I) generated by nonlinear regression analysis. These 
sums, together with their ratio (calculated to experimental), are given 
in Table 11. The data at  80' are subject to considerable error since the 
number of data points available to estimate initial and terminal slopes 
was small due to the fast reaction rates. The agreement between the 
calculated and experimental sums of a and b is quite good. The average 
of the ratios (calculated to experimental) is 1.01. 


Experimental confirmation of the constant c (Eq. 11) is difficult be- 
cause it is necessary to construct a plot of the logarithm of the difference 
in equilibrium and time t concentratiow as a function of time (Eq. 7 or 
8). The difference in concentrations at  long times is subject to large errors, 
making estimates of the terminal log-linear slope (constant c )  highly 
inaccurate. 


An Arrhenius plot of the average rate constant for each reaction step 
was made using the results obtained at  four temperatures (Table I). Es- 
timates of the activation energies for all six reactions are summarized in 
Table 111. The epimerization reaction of the anhydro compounds appears 
to require less energy than the other steps, but the error involved in the 
determination of these energies is large, making any conclusion regarding 
energy effect tenuous. 


In an earlier study (3), the rate constant for the dehydration of 11, de- 
termined by following spectral changes, was 0.618 hr-1 at 71" and pH 1.53 
(hydrochloric acid at  0.1 M ionic strength). The average value in the 


Table 111-Activation Energy for Each Step in I Degradation 
in pH 1.5 Phosphate Solution 


Reaction as Indicated Activation Energy, 
by Rate Constant kcal/mole 


20.5 (19.0-21.7)" 
18.7 (10.2-27.0) 
14.1 (3.84-24.4) 
15.3 (4.33-26.2) 


ks 19.4 ji2.8-25.8) 
k4 26.6 (17.3-36.0) 


0 Parentheses contain the upper and lower 95% confidence limits obtained from 
linear regression analysis. 


present study at  70' was 0.697 hr-', which is in reasonable agreement 
with the earlier value found under slightly different conditions. Schlecht 
and Frank (4) studied I dehydration at  various temperatures and hy- 
drogen-ion concentrations. By using their activation energy value (4) of 
25.1 kcal/mole (ionic strength of 1 M), it is possible to calculate the rate 
constant at  60" if i t  is assumed that the hydrogen-ion concentration is 
reasonably close to the present hydrogen-ion activity (0.0361 M). Based 
on their rate constant a t  50' (4), the rate constant calculated at  60' is 
about 0.44 hr-1, which is of the same order of magnitude as the constants 
found in the present study, 0.323 and 0.302 hr-l, again under different 
conditions. 


In earlier studies on I1 (3) and I (4) dehydration, it was validly assumed 
that no epimerization was taking place at  pH < 2. However, the present 
study shows that epimerization of both I and I1 can occur a t  pH 1.5, but 
the system used was different from that of both earlier studies. The 
present study used a 1 M phosphate solution adjusted to pH 1.5, which 
should contain significant amounts of monobasic phosphate, a species 
known to catalyze epimerization (1,5). The significance of this result is 
that if a catalytic species is present in sufficient amounts, significant 
epimerization can occur even if the pH is less than 3. 
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the drug and its metabolites were extracted into the acid by shaking the 
mixture for 20 min. 


The aqueous layer was separated using a 50-ml separator, and its flu- 
orescence was measured in a fluorescence spectrophotometer3. The flu- 
orescence and excitation wavelengths were 310 and 280 nm, respectively, 
and the slit dials were set to give a bandpass of 8 nm for excitation and 
of 5 nm for fluorescence. The concentrations of the drug and its metab- 
olites in the sample were read from a calibration curve whose validity was 
determined by including three or four known concentrations of dex- 
trorphan added to normal human plasma with each series of un- 
knowns. 


Bioavailability Studies in Humans-Six healthy male volunteers, 
27-32 years old, received 30 mg PO of dextromethorphan hydrobromide 
in a syrup (10 ml) after an overnight fast. Blood samples were drawn from 
the antecubetal vein into heparinized tubes immediately prior to and a t  
15 and 30 min and 1,2, and 4 hr after drug administration. Plasma was 
separated by centrifuging at 3000 rpm for 20 min, and an aliquot was 
assayed by the described procedure. 


RESULTS AND DISCUSSION 


A calibration curve was constructed by plotting the fluorescence in- 
tensity against the concentration of dextrorphan added to drug-free 
plasma. Regression analysis of the least-squares line fitting the data 
points provided an equation for the curve as y = 0.2658% + 3.728 ( r  = 
0.99561, where y represents fluorescence units and x is nanograms of 
dextrorphan per milliliter of plasma. The recovery of known amounts 
of dextrorphan added to human plasma was Two. To determine the 
precision of the method, eight plasma samples spiked with 400 ng of 
dextrorphan/ml and four samples containing 600 ng of dextrorphadml 
were analyzed in duplicate over 6 months. The coefficients of variation 
a t  these two concentrations were 8 and 4%, respectively. 


The fluorescence characteristics of dextrorphan and dextromethor- 
phan in 1.0 N hydrochloric acid are rather similar. The fluorescence and 
excitation wavelengths of dextrorphan are 310 and 280 nm, respectively; 
for dextromethorphan, they are 305 and 270 nm, respectively. 


The fluorescence spectrum of dextrorphan extracted from plasma was 
identical with that of dextrorphan in 1.0 N HCl. Some interference by 
the unmetabolized drug and possibly other minor metabolites could be 
expected in the measurement of dextrorphan levels. However, the con- 
tribution to fluorescence by the unmetabolized drug would be negligible 
in this method because extracts from plasma of humans administered 
dextromethorphan hydrobromide exhibited fluorescence spectra char- 


3 Perkin-Elmer model MPF-3. 


acteristic of dextrorphan but not dextromethorphan. Furthermore, since 
dextromethorphan is metabolized rapidly and extensively upon oral 
administration, the amount present in the extracts would be very low. 


Plasma Levels in Humans-The average plasma levels (fSE) of 
dextrorphan and its conjugates following 30 mg PO of dextromethorphan 
hydrobromide to six volunteers a t  15,30, and 60 min were 21.3 f 6.7,107.3 
f 44.6, and 368.0 f 71.2 ng/ml, respectively. The peak level was 381.3 f 
56.9 ng/ml at  2 hr and it declined thereafter, reaching 262.7 f 43.3 ng/ml 
a t  4 hr. Almost all of the dextrorphan was present in the form of conju- 
gates. This finding was confirmed by analyzing the plasma samples from 
one of the six volunteers, with and without enzymatic hydrolysis. Whereas 
hydrolysis gave rise to concentrations ranging from 26 to 380 ng/ml, none 
of the unhydrolyzed samples contained measurable levels of the uncon- 
jugated drug or metabolites. 


I t  may be concluded that this method is applicable to the determina- 
tion of the bioavailability of dextromethorphan hydrobromide in hu- 
mans. 
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Effects of 3,4-Dimethoxyphenethylamine Derivatives on 
Monoamine Oxidase 


WILLIAM J. KELLER" and GARY G. FERGUSON 


Abstract 0 The cactus alkaloid 3,4-dimethoxyphenethylamine and its 
naturally occurring N-methylated homologs inhibited the deamination 
of tyramine and tryptamine by rat brain monoamine oxidase. In contrast, 
the j3-hydroxylated derivatives of this series failed to inhibit the action 
of monoamine oxidase on both tyramine and tryptamine. 
Keyphrases 3,4-Dimethoxyphenethylamine and N-methyl homo- 
logs-effect on monoamine oxidase-catalyzed deamination of tyramine 
and tryptamine Monoamine oxidase-deamination of tyramine and 
tryptamine, effect of 3,4-dimethoxyphenethvlamine and N-methvl ho- 


mologs 0 Tyramine-monoamine oxidase-catalyzed oxidative deami- 
nation, effect of 3,4-dimethoxyphenethylamine and N-methyl homologs 


Tryptamine-monoamine oxidase-catalyzed deamination, effect of 
3,4-dimethoxyphenethylamine and N-methyl homologs 0 Enzymes- 
monoamine oxidase, deamination of tyramine and tryptamine, effect of 
3,4-dimethoxyphenethylamine and N-methyl homologs 0 Structure- 
activity relationships-3,4-dimethoxyphenethylamine and N-methyl 
homologs, effect on monoamine oxidase-catalyzed deamination of tyra- 
mine and tryptamine 


The present study was directed at  observing the effects 
of 3,4-dimethoxyphenethylamine (I) and its N-methyl 
homologs on rat brain monoamine oxidase, using both 


tyramine and tryptamine as substrates. The results of 
these experiments were contrasted with those obtained 
with the P-hydroxy derivatives of the same series. The al- 
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Table I-Inhibiting Effects of Compounds on Oxidation of Tyramine Hydrochloride and Tryptamine Hydrochloride by Rat  Brain 
Mitochondria 


Inhibition, Tyramine Hydrochloride Tryptamine Hydrochloride 
Compound % Significance SIT Inhibition, % bignificance m 


I 
I1 


111 
IV 
V 


VI 
Isocarboxazid * 


32 
49 
33 


7 
7 
0 


100 


1.3 
1.3 
1.1 
2.6 
2.6 
2.8 
1.5 


27 
27 
37 
19 
19 
16 
61 


+ 0.7 + 1.3 + 1.3 
2.3 
3.2 
2.9 + 1.0 


- 
- 
- 


a Each value represents the results obtained using three or more flasks per compound for each substrate. Percent inhibition was calculated by comparing control and 
experimental values for each compound with each substrate. Reference. 


leged mind-altering effects produced by ingesting cacti 
containing one or more of the test compounds could be 
partially explained by data generated from this investi- 
gation. 


BACKGROUND 


Many members of the Cactaceae produce and accumulate various 
derivatives of I. Compound I was detected in several species of Tricho- 
cereus (1-3), Echinocereus merkeri Hildm. (4), Pelecyphora aselliformis 
Ehrenberg (5), Stetsonia coryne (SD.).Br. and R. (3), and Lophophora 
williamsii (Lem.) Coult. (6). N-Methyl-3,4-dimethoxyphenethylamine 
(11) was identified as a natural product (2) and was isolated from nu- 
merous cacti (4,5,7-15). The N,N-dimethyl derivative of I has a more 
restricted distribution in nature, having been originally isolated from 
extracts of E.  merkeri (4) and subsequently found to be present in 
Coryphantha greenwoodii H. Bravo (14) and Ariocarpus scapharostrus 
Bodeker (15). 


N-Methylated homologs of 3,4-dimethoxy-/3-hydroxyphenethylamine 
are particularly abundant in the cactus genus Coryphantha. Macro- 
merine [2-hydroxy-2-(3,4-dimethoxyphenyl)-~V,N-dimethylethylamine] 
occurs naturally in C. macromeris (Engelm.) Lem. (16) and several other 
Coryphantha species (10, 11, 17). 


Normacromerine [2-hydroxy-2-(3,4-dimethoxyphenyl)-N-methyl- 
ethylamine] was isolated from C. rnacromeris (Engelm.) Br. and R. var. 
runyonii L. Benson (18) and two other Coryphantha species (13, 14), 
Dolichothele longimamma (DC.) Br. and R. (19), and a legume, Des- 
modium tiliaefolium G. Don. (20). The parent compound of this series 
is not a natural product. 


L. williamsii and the various Trichocereus species are hallucinogenic 
because of their mescaline content. The other previously mentioned cacti 
are suspected of containing psychoactive substances because of various 
folkloric tales. Recently, the monoamine oxidase inhibitory activity of 
4-methoxylated phenethylamines was used in an attempt to explain the 
purported pharmacological activity of cactus plants containing these 
compounds (21). The hypothesis was expanded when a series of P-hy- 
droxylated 4-methoxyphenethylamines was observed to inhibit selec- 
tively enzymatic oxidative deamination of tyramine but not tryptamine 
(22). 


EXPERIMENTAL 


Synthesis-Compound I hydrochloride' was available commercially 
and served as the starting point for the N-methylation reactions that 
yielded the other two members of this series. Compound I1 hydrochlo- 
ride, mp 132-154' [lit. (4) mp 134-136"], was synthesized by reacting I 
with 36% formaldehyde2 followed by a sodium borohydride reduction 
of the Schiff-base intermediate. Refluxing equimolar quantities of II,36% 
formaldehyde, and 88% formic acid3 gave N,N-dimethyl-3,4-dime- 
thoxyphenethylamine (111) hydrochloride, mp 193-194' [lit. (4) mp 
193-196'1. 


Racemic 3,4-dimethoxy-P-hydroxrphenethylamine (IV) hydrochloride, 
mp 170-171" [lit. (23) mp 170-171'1, N-methyl-3,4-dimethoxy-fl-hy- 
droxyphenethylamine (V) hydrochloride, mp 115-116' [lit. (18) mp 
115-117'1, and N,N-dimethyl-3,4-dimethoxy-~-hydroxyphenethylamine 
(VI) hydrochloride, mp 161-162' [lit. (23) mp 161-162'1, were produced 


Calbiochem. 
Fisher Scientific Co. 
Aldrich Chemical Co. 


by a Houben-Hoesch condensation of veratrole3 with aminoacetonitrile 
hydrochloride4, N-met,hylaminoacetonitrile hydrochloride4, and N , N -  
dimethylaminoacetonitrile hydrochloride4, respectively, followed by a 
reduction of the ketone intermediate with sodium borohydride. 


Warburg Studies-As an evaluation of possible monoamine oxidase 
inhibition, the effects of the compounds on the oxidation of tyramine and 
tryptamine hydrochlorides by rat brain mitochondria were investigated. 
Brain mitochondria (containing monoamine oxidase) were prepared from 
albino Wistar female rats, 150-200 g, according to the method of Brody 
and Bain (24). Monoamine oxidase activity was determined in the pres- 
ence and absence of the respective compounds by conventional mano- 
metric techniques (25)5. 


In the manometric determinations, the main compartment of the 
Warburg flasks contained 0.8 ml of a 0.1 M buffered solution of the 
compound studied (or buffer), 1 ml of mitochondrial suspension (rep- 
resenting 500 mg wet weight of original brain tissue), and sufficient 0.01 
M phosphate buffer (pH 7.4) to make a total volume of 2.7 ml. All aliquots 
for a given run were taken from the same mitochondrial preparation. The 
side arm of each flask contained 0.3 ml of 0.1 M tyramine or tryptamine 
hydrochloride. After the flasks were allowed to equilibrate for 15 min at  
37', the manometer valves were closed and the side arm contents of each 
were tipped in. 


Manometers were set at  150 mm, and readings were taken at  15-min 
intervals for 90 min. Values for the 90-min reaction period were obtained 
for each flask and were multiplied by the respective flask constants after 
adjusting for changes in the thermobarometer. The total microliters of 
oxygen uptake for each flask was thus obtained. 


Reference flasks, using 0.05 M isocarboxazid (0.8 ml) as the monoamine 
oxidase inhibitor, were employed as already described and were used for 
comparison. 


Statistical Analysis-The mean and standard error were determined 
for each control or treated group. Values thus obtained were compared, 
using the difference between the means and the standard error of the 
difference between the means for the respective control-treated pairs of 
groups. The Student t test was applied to the results, and the probability 
was determined ( p  values of less than 0.05 were considered signifi- 
cant). 


RESULTS AND DISCUSSION 


Data from Warburg studies revealed that 1-111 produced significant 
( p  < 0.05) inhibition of rat brain monoamine oxidase when tyramine and 
tryptamine were used as substrates. Conversely, the 0-hydroxylated 
derivatives of this series (IV-VI) had little effect on the enzymatic oxi- 
dative deamination of tyramine and tryptamine. These results were 
validated by the activity exhibited by reference isocarboxazid (Table 
I). 


Substrate selectivity was observed with an N-methylated series of 
4-methoxy-P-hydroxyphenethylamines, with each member inhibiting 
the action of monoamine oxidase on tyramine but not on tryptamine (22). 
The same series of compounds without the P-hydroxy group inhibited 
monoamine oxidase with respect to both tyramine and tryptamine. 
Johnston (26) found that there are a t  least two forms of monoamine ox- 
idase in rat brain, while Tabakoff et al. (27) suggested that separate in- 
teracting sites exist in brain monoamine oxidase for the binding of 
phenethylamines and for compounds possessing an indole nucleus. With 
this information, it was proposed that the presence of a 0-hydroxy group 
in the 4-methoxyphenethylamine moiety interferes with the binding of 


4 K and K Laboratories. 
5 Precision Warburg apparatus, Precision Scientific Co. 
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these derivatives with the active site and/or isozyme responsible for the 
oxidation of tryptamine (22). From these suppositions, i t  appears that  
a 3,4-dimethoxyphenethylamine nucleus with a @-hydroxy group cannot 
properly bind with the active site and/or isozyme associated with both 
tyramine and tryptamine oxidation. 


The monoamine oxidase inhibitory activity of 4-methoxypheneth- 
ylamine derivatives has been used to explain the folkloric uses of D. 
longimamma as a psychoactive “peyote” cactus (19). Macromerine and 
normacromerine are the major alkaloids in C. macromeris var. runyonii 
(111, and this cactus was reported to be psychoactive (16,28). Vogel et 
al. (29) concluded that macromerine and normacromerine were not re- 
sponsible for the psychoactivity, since they produced no effects on the 
conditioned avoidance response in rats. Since macromerine and nor- 
macromerine are devoid of monoamine oxidase inhibitory activity, there 
appears to be no correlation between the presence of these compounds 
and the purported psychoactivity of C. macromeris var. runyonii. 


Harley-Mason (30) predicted that an abnormal methylation of dop- 
amine and/or norepinephrine in uiuo could produce I or IV. Of these 
compounds, I received wide attention because of its detection in the urine 
of schizophrenics (31). Later studies revealed that urinary excretion of 
I is not unique to schizophrenia (32) and that administration of this 
compound to humans produces no psychological changes (33, 34). 
However, the ingestion of cacti containing I and/or its N-methyl deriv- 
atives together with indirectly acting amines such as synephrine could 
alter behavior by inhibiting monoamine oxidase and thus potentiating 
the effects of the indirectly acting amines. This may be the case with the 
supposedly psychoactive C. macromeris var. runyonii. Although the 
major alkaloids do not inhibit monoamine oxidase, this cactus does 
contain two known monoamine oxidase inhibitors, N-methyl-4- 
methoxyphenethylamine and 11, together with several indirectly acting 
amines i l l ) .  This situation may also contribute to the well-documented 
hallucinogenic activity of the mescaline-containing cacti. 
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Abstract 0 According to the alkaloid profiles, five different chemotypes 
(A, B, C, D, and E) were classified in Papauer orientale L. with haploid 
chromosome number n = 14. Chemotype A had only oripavine; che- 
motype B contained oripavine and thebaine; chemotype C had isothe- 
baine in addition to oripavine; chemotype D contained oripavine and 
alpinigenine; and chemotype E had oripavine, thebaine, and alpinigenine. 
In all chemotypes, oripavine was either the sole alkaloid or the single 


major alkaloid. 


Keyphrases 0 Papauer orientale L.-chloroform extract of seed cap- 
sules, alkaloids isolated and identified, five chemotypes classified Al- 
kaloids-isolated and identified, chloroform extract of seed capsules of 
Papauer orientale L., five chemotypes classified 


In continuation of a broad study of the Iranian wild 
Papaveraceae (1-5), alkaloids of Papauer pseudo-orientale 
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Fedde. and preliminary results on the alkaloids of P. ori- 
entale L. were reported (4). In this work, qualitative and 








Table 11-Pharmacokinetics of Lidocaine in a Patient following 
a Prolonged Infusion“ 


First Infusion, 
Hours d m l  


-29.45 
-17.45 


0 
1 
2 
4 
8 


12 
19 
20 
23 


0 
2.98 
4.04 
3.39 
2.28 
1.43 
0.35 
0.20 
0.10 


N.D. 
- 


Second Infusion, 
d m l  


0 
2.85 
4.55 
3.15 
2.39 
1.72 
0.54 
0.31 


0.10 
N.D. 


- 


0 The first and second infusions were separated by 2 weeks. N.D. = not de- 
tectable. 


ducibility of this analytical method and the difference in the phar- 
macokinetic parameters of lidocaine following a prolonged infusion. The 
two phases, 01 and p, and their values were virtually identical for the two 
slow infusions. The first infusion resulted in a T,L/z((Y)  of 2.08 hr and a 
Tpi/z(p) of 6.18 hr; the second infusion resulted in a TPi/z(a) of 2.14 hr and 
a Tpiiz(B) of 4.93 hr. 


Therefore, it can be concluded that the analytical method described 
confirms that the pharmacokinetic parameters of lidocaine are identical 
for any given subject on the same treatment. However, compared to the 
healthy volunteers, the pharmacokinetic parameters were quite different. 
A true equilibrium was not reached, since the drug concentrations in- 
creased continuously during the infusion. This phenomenon can be ex- 
plained by the fact that  lidocaine inhibits its own metabolism uia its 
acetylated metabolite (5); moreover, its renal excretion is slower, due to 
a reduction in the cardiac inotropic form and rhythm which significantly 
reduce blood flow. The marked lengthening of the a- and p-phases in- 
dicates that considerable caution should be exercised when lidocaine is 
administered by slow infusion, because the toxic effects with lidocaine 
are greater when the blood levels are too high. 
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Kinetics and Mechanism of 
Blue Tetrazolium Reaction with Corticosteroids 


RAUL M. OTEIZA *§, ROBERT S. WOOTEN *#, CHARLES T. KENNER*, 
ROBERT E. GRAHAM t, and EDWARD R. BIEHL *x 


Abstract The kinetics of the reaction of blue tetrazolium with corti- 
costeroids were investigated under pseudo-first-order conditions. The 
reaction rates for various corticosteroids were determined a t  various 
temperatures, and the enthalpy and entropy of activation for these 
compounds were determined. A mechanism is proposed in which an 
electron pair and a proton are transferred to blue tetrazolium from the 
anion formed by the action of tetramethylammonium hydroxide on the 
ty-carbonyl moiety of the corticosteroid. The proposed mechanism is 
consistent with previous experimental results. 


Keyphrases Blue tetrazolium-kinetics of reaction with various 
corticosteroids, effect of temperature, mechanism proposed 0 Cortico- 
steroids, various-kinetics of reaction with blue tetrazolium, effect of 
temperature, mechanism proposed 0 Glucocorticoids, various-kinetics 
of reaction with blue tetrazolium, effect of temperature, mechanism 
proposed 


Various forms of the blue tetrazolium reaction have been 
used for the quantitative determination of corticosteroids 
(1-4). The most widely used method is a slightly modified 


procedure of Mader and Buck (2), which is the official USP 
(5) and NF (6) method. 


In strongly alkaline solution, blue tetrazolium [3,3’- 
[3,3’ - dimethoxy( 1 ,l’-biphenyl)-4,4’-diyl] bis( 2,5-diphe- 
nyl-2H-tetrazolium) dichloride] (I) oxidizes the a-carbonyl 
moiety of the C-17 side chain of the corticosteroid and is 
reduced quantitatively to a highly colored formazan whose 
concentration is measured spectrophotometrically. Ex- 
tensive investigations (1, 3, 4, 7-16) of the reaction con- 
ditions established that the analytical procedure is subject 
to many variables, which are minimized by concurrently 
analyzing blank, standard, and sample. 


Certain kinetic aspects of the blue tetrazolium reaction 
were reported, e.g., the corticosteroid reaction is first order 
(17). Significant variations in the reaction rates of corti- 
costeroids of closely related structures also were noted (1, 
9,14,15,18,19). The reaction rate of corticosteroids with 
I was inversely related to  the dielectric constant of the 
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solvating media in another study (20), and it was estab- 
lished that the a-carbonyl moiety of the corticosteroid 
reduces I (18). 


Recently, a bimolecular scheme was proposed in which 
a "reduction unit" is transferred from the a-carbonyl 
moiety to I to produce a formazan (19); however, the re- 
duction unit and the mode of transfer could not be ascer- 
tained. A free radical mechanism was proposed for the blue 
tetrazolium reaction (21), but this route has been disproven 
(19). 


This paper reports the rate constants for selected cor- 
ticosteroids at various temperatures and the obtained 
enthalpy and entropy of activation parameters. A mech- 
anism consistent with the observed experimental data is 
proposed. 


EXPERIMENTAL 


Apparatus-A UV-visible recording spectrophotometer equipped 
with water-jacketed cell holders and 1-cm quartz cells', a microbalance2, 
and a temperature-controlled circulating bath3 were used. 


Reagents-Alcohol USP and analytical grade absolute methanol were 
used as received. A 1% solution of tetramethylammonium hydroxide (11) 
was prepared. A 5.00-ml aliquot of II,lO% aqueous4, was diluted to 50.0 
ml with alcohol USP. Blue tetrazolium5 (I), 5.0 mg/ml, was prepared in 
absolute methanol. 


All corticosteroid standard solutions contained 0.010 mg/ml in alcohol 
USP. 


General Procedure-The procedure, unless otherwise specified, is 
the official procedure given in the USP XIX (5), in which a 20.00-ml al- 
iquot of standard or sample corticosteroid in alcohol USP is treated with 
2.00 ml of I, 5.0 mg/ml, followed by 2.00 ml of 1% 11. The absorbance is 
measured spectrophotometrically against a reagent blank 90 min after 
the I1 addition. 


Rate  Studies-A 20.00-ml aliquot of a standard corticosteroid and 
a 20.00-ml blank of alcohol USP were placed in jacketed cell holders and 
allowed to temperature equilibrate for 15 min. The aliquots were treated 
by the general procedure, with zero time taken as the time of addition 
of 1% I1 to the standard solution. Both solutions were transferred to cells 
as rapidly as possible and placed in the spectrophotometer, and ab- 
sorbance readings were made each minute a t  525 nm until the reaction 
reached essential completion. The procedure was repeated for five cor- 
ticosteroids a t  five different temperatures. 


RESULTS AND DISCUSSION 


The results of the kinetics studies of the reaction of blue tetrazolium 
(I) with corticosteroids are shown in Table I. Pseudo-first-order rate 
constants were observed for all corticosteroids. The rate constants were 
obtained by performing a least-squares regression on the equation: 


In (1 - A,/A' )  = -k,t, + E (Eq. 1) 


where A, is the absorbance a t  time t,, A' is the optimum absorbance, k ,  
is the observed rate constant, and E is the intercept. The correlation 
coefficient for all curves was greater than 0.99. 


Figure 1 is a typical kinetic plot for prednisone. The value of A' was 
calculated from the average value of absorbance per micromole of for- 
mazan, 1.031 (19), and the initial micromolar concentration of the cor- 
ticosteroid in the 20.00-ml aliquot. The estimation of A' was necessitated 
for two reasons. First, under the described reaction conditions, a mixture 
of two formazans of different geometrics and molar absorptivities is 
formed. The nature and properties of these formazans were investigated 
previously (20). Second, as the reaction time increases, base decompo- 
sition of the formazan begins, causing a decrease in the absorption 
maxima for the reaction. 


To check the reliability of the results, the rate constants of certain 
corticosteroids were determined by the method developed by Guggen- 


Cary model 118. 
Mettler model M. 
Nealah model RTE-3. 
Eastman Chemical Co 
Dajae Laboratories. 


Table I-Kinetic and Thermodynamic Parameters  fo r  the 
Reaction of Corticosteroids with Blue Tetrazolium 


Corticosteroid T. O K  k.. min-' 


Dihydrocortisone" 303.77 2.809 X lo-' 
303.76 2.708 x lo-' 
303.39 3.116 X 10-l 
300.38 2.030 x in-' ~ ... 


296.41 1.333 x io-1 
292.48 1.103 X lo-' 
287.49 5.775 x 10-2 
285.80 4.552 X 
284.13 3.450 X 
283.95 3.608 X 
283.87 3.421 X 


1.146 X 10-1 


DexamethasoneC 303.78 1.120 x 10-1 


AH* = 17.3 kcal/mole 
AS* = -12.2 eu 


303.77 1.272 x io-1 
300.38 6.991 X 
296.41 5.447 x 10-2 
292.48 3.982 X 
287.49 1.788 X 
285.80 1.085 X 
284.22 1.171 x 
284.03 1.265 X 


1.718 X 
AH* = 19.8 kcal/mole 


AS* = -5.7 eu 
Prednisoned 303.55 3.876 X lo-' 


303.46 3.202 X lo-' 
300.38 2.322 x lo-' 
296.41 1.959 X lo-' 
292.48 1.373 X lo-' 
287.49 7.128 X 
285.80 4.277 X 
284.24 4.698 X 
283.87 4.690 X 
283.82 4.699 X 


AH* = 17.3 kcal/mole 
AS* = -11.7 eu 


Corticosterone" 303.72 1.320 X 10-I 
303.71 1.211 x 10-1 
300.38 7.025 x 
296.41 6.324 X 
292.48 3.880 X 
287.49 2.115 X 
285.80 1.096 X 
283.74 1.286 X 
283.70 1.236 X 
283.68 1.314 X lom2 


2.207 X 
AH* = 19.1 kcal/mole 


AS* = -8.1 eu 
5-Pregnene-3/3,21- 303.74 8.709 X 


diol-20-one" 303.71 8.853 X 
300.38 5.532 x 
296.41 4.638 X 
292.48 3.260 X 
287.49 1.889 X lo-* 
285.80 1.182 X 
283.78 1.075 X 
283.70 1.046 X 
283.59 1.087 X 


2.888 X 


Rates determined by method of Guggenheim (22). SchwardMann, Orange- 
burg, N.Y. < NF reference standard. IJSP reference standard. 


heim (22). The Guggenheim method was not applicable to all cortico- 
steroid reactions because of the rapid completion and concurrent de- 
viation from linearity of most of them a t  elevated temperatures. Some 
rates calculated from the Guggenheim method were within experimental 
accuracy of the previously obtained values (Table I). 


The enthalpy of activation and entropy of activation results are also 
shown in Table I. The values were obtained by performing a least-squares 
regression on the equation: 


In (k ,h /kT)  = -AH*/RT t AS*/R (Eq. 2) 


where k ,  is the observed rate constant, h is Planck's constant, k is 
Boltzman's constant, T is absolute temperature, R is the gas constant, 
and AH* and AS* are the enthalpy and entropy of activation, respec- 
tively. The correlation coefficient was greater than 0.95 in all cases. 
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VI I vn1 
Scheme I 


VIII 


Scheme I1 


From these data and from previous observations (18,19), the reactivity 
of the corticosteroids toward I appears to be, in part, a function of their 
molecular shape. Steroids with C-16 substitution in either the a- or 8- 
position react the slowest, steroids that possess a planar A ring and have 
sp3  C-11 substitution show intermediate reactivity, and steroids pos- 
sessing a C-11 carbonyl react the fastest with I. These observations 
strongly imply that the approach of the I molecules occurs at the P-face 
of the steroid since the greatest rate retardation is observed for steroids 
having 0-substitution near the carbonyl group. 


The mechanism proposed for the reduction of I by corticosteroids is 
shown in Schemes I and I1 and involves the formation of a complex (VII 
* VIII) between the enolate ion, IV, of the corticosteroid molecule and 
I, followed by a transfer of an electron pair and a proton from the enolate 
portion of the complex to a positively charged nitrogen atom on the I 
portion to produce a glyoxal derivative and a formazan (IX). The glyoxal 
then decomposes to the various products characterized by Lewbart and 
Mattox (23,24). 


Compounds containing a-carbonyl groups undergo rearrangement in 
basic solution uia an enediol intermediate (25-27); in some cases, the 
enediol itself is the more stable form (28). With regard to the enolate ion, 
a species such as IV would appear to be more stable than 111 because of 
its ability to exist in a cyclic five-membered species having intramolecular 
hydrogen bonding (Scheme 111). In a basic solution, I1 exists as a reso- 
nance hybrid, in which V and VI (Scheme IV) are important contributing 
structures. The species VI would seem to contribute more to the hybrid 


C6Hj CsHa 
V VI 


Scheme IV 


2 . 5 c  \ 


*\ 


1 2 3 4 5 6 7 8 9 1 0 1 1  
MINUTES 


Figure 1-Reaction rate ofa  typical corticosteroid a t  uarious temper- 
atures. Key: -, 10’; 0 , 1 5 O ;  0,20°; +, 25”; and ., 30’. 


than V since the lone pair of electrons of the nitrogen in VI can be further 
delocalized into the phenyl group. 


The mechanism is in accordance with the observed experimental data. 
Bimolecular reactions involving a well-oriented cyclic transition complex 
generally have an entropy of activation value of from -5 to -15 eu simply 
as a result of the entropy requirement for bringing together two molecules 
to form a single complex (29). Thus, observed values of AS* for the re- 
action of I with corticosteroids provide further evidence of the bimolec- 
ularity of the reaction path..The enthalpy of activation values are also 
consistent with results generally observed for bimolecular reactions in 
solution (30). 


Furthermore, this mechanism predicts that an increase in the dielectric 
constant would decrease the intermediate complex because of the ionic 
nature of the reaction and, hence, decrease the reaction rate. This con- 
clusion is in accordance with the observations of Graham et al. (20). 


Construction of a Dreiding model of the intermediate complex exem- 
plifies and supports the @-face attack and its subsequent decrease of rate. 
Also, if one follows the complex breakdown with the model, the geometry 
of the species formed is seen to be identical with that reported as the 
major formazan isomer (20). 
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Dosage Form Index: An Objective Criterion for 
Evaluation of Controlled-Release Drug Delivery Systems 


F. THEEUWESX and W. BAYNE 


Abstract A dimensionless parameter, the dosage form index (DIr), 
is proposed for evaluating the performance of drug delivery systems. The 
index is defined as the ratio of the maximum to minimum concentrations 
of the drug in plasma within each interdose interval (in hours), T, during 
repetitive administration of the dosage form in the quasisteady state. 
Dosage form indexes can be averaged among subjects or within subjects 
at  successive time periods to arrive at  a mean value. As an example, two 
GI therapeutic systems-the 15- and 2O-mg/hr acetazolamide systems 
that deliver drug at  constant rates for 6 and 12 hr and contain 125 and 
250 mg, respectively-were compared in normal subjects with a com- 
mercial sustained-release product containing 500 mg of acetazolamide. 
The dosage form index, DI24, was 4.9 for the sustained-release dosage 
form and 3.2 for the 20-mg/hr system; DIlz was 1.6 for the 15-mg/hr 
system. 


Keyphrases Drug delivery systems-sustained-release product and 
15- and 20-mg/hr GI acetazolamide systems compared in humans, dosage 
form index suggested as evaluating parameter 0 Dosage form index- 
suggested as evaluating parameter for drug delivery systems, sus- 
tained-release product and 15- and 20-mg/hr GI acetazolamide systems 
compared in humans Acetazolamide-sustained-release product and 
15- and 20-mg/hr GI drug delivery systems compared in humans, dosage 
form index suggested as evaluating parameter Carbonic anhydrase 
inhibitors-acetazolamide, sustained-release product and 15- and 20- 
mg/hr GI drug delivery systems compared, humans 


Optimum therapy with repetitive administration of 
conventional dosage forms (e.g. ,  injectables, liquids, or 
tablets) can classically be pursued by dosage scheduling. 
The aim of this process is to maintain drug concentrations 
in a therapeutic range, above the minimum effective con- 
centration and below the toxic concentration. 


The time course of systemic drug concentrations fol- 
lowing repetitive dosing of intravenous injections and 
tablets, based on different absorption and elimination rate 
constants, was described mathematically using one-com- 
partment and multicompartment pharmacokinetic models 
( 1-3). 


BACKGROUND 


To discuss optimum drug dosing, the therapeutic index (TI) should 


(Eq. 1) 


where C;,, and C;in are the maximum and minimum desired plasma 
concentrations, respectively, and must be defined further for each specific 
drug in relation to pharmacological responses. 


Dosage scheduling should be carried out at  a frequency such that the 
ratio of maximum to minimum plasma concentrations is less than TI  and 
at  a dose of sufficient magnitude to yield effective levels. 


For a linear, one-compartment system with repetitive intravenous 
injections a t  pseudo-steady state, the ratio of maximum to minimum 
plasma concentrations is given by: 


be defined in terms of plasma concentrations (4) rather than dose (5): 


CHax TI  = 7 
Cm1, 


ekr  (Es. 2) c m a x  - 
Cmin 
-- 


where k is the drug elimination rate constant, and T is the dosing interval. 
The Cmar/Cmin ratio has been called (1) Qextr the ratio of asymptotic ex- 
treme concentrations within a dosing interval of the multiple-dose curve. 
When the therapeutic index (TI) is known, the proper dosage interval 
must then be dictated by: 


ek i  5 TI  (Eq. 3) 


or: 
In TI  


7 5 t 1 / 2  - 
In 2 


For TI  = 2, the dosing interval should maximally be equal to the bio- 
logical half-life of the drug. For drugs with a half-life of less than 12 hr 
and a low therapeutic index, proper dosage schedules are inconveniently 
frequent. To alleviate these problems, therapeutic systems were devel- 
oped (6-8). 


Therapeutic systems are a class of dosage forms designed to improve 
drug therapy through controlled administration of drug substances, in 
time and space, to elicit the optimum sum total of pharmacological re- 
sponse. They are specified not by content, size, or shape but by function: 
the rate at  which they deliver drug in uiuo and the duration for which they 
do so. 
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perficial for the pharmaceutical scientist. However, this book should be 
of interest to the lay reader or scientist specifically interested in Chinese 
herbs and herbal medicine. 


pear; and lists national compendia1 names that differ from the INN. The 
Chemical Abstracts Service (CAS) registry number and molecular for- 
mula are also given. The book includes all INN published in the WHO 
Chronicle through March 1976. In addition, there is an appendix of na- 
tional names that differ from INN, a molecular formula index, and a CAS 
registry number index. All of the text appears in both English and 
French. 


Reviewed by David J. Slatkin 
llniuersity of Pittsburgh 
School of Pharmacy 
Pittsburgh, PA 15261 


Staff review 


Advances in Modern Toxicology, Vol. 1, Part 1: New Concepts in 
Safety Evaluation. Edited by MYRON A. MEHLMAN, RAYMOND 
E. SHAPIRO, and HERBERT BLUMENTHAL. Halsted, 605 Third 
Ave., New York, NY 10016,1976.455 pp. 16 X 25 cm. 
Today there is increased governmental and industrial concern re- 


garding the toxicity of chemicals, with emphasis on development of test 
procedures designed to reveal adverse effects before a particular sub- 
stance becomes available for direct or indirect human ingestion. A text 
such as this one can assist scientists in fulfilling this objective. 


Three of the 13 chapters focus on teratogenicity. Chapter 6, Current 
Methodology in Teratology Research, provides useful information re- 
garding selection of the animal model and time of administration. 
Chapter 12, Distribution, Metaholism and Perinatal Toxicity of Pesti- 
cides with References to Food Safety Evaluation: A Review of Selected 
Literature, is a compilation of previously reported data on various pes- 
ticides, eg., DDT, aldrin, and dieldrin. Chapter 13, Transplacental 
Toxicity of Diethylstilbestrol: A Special Problem in Safety Evaluation, 
includes detailed descriptions of the pharmacology and toxicology of 
diethylstilbestrol in both animals and humans. 


Two interesting sections devoted to methodology are Chapter 3, Po- 
tential Contribution of Inbred Syrian Hamsters to Future Toxicology, 
and Chapter 9, Radioautographic Methods for Physiologic Disposition 
and Toxicology Studies. 


Chapter 8 is especially timely since it describes fundamental phar- 
macokinetic principles and their application to toxicological investiga- 
tions. 


Nonlethal Parameters as Indices of Acute Toxicity: Inadequacy of the 
Acute LD50 is the title of Chapter 7, which stresses the need to look be- 
yond the LD5i)value itself, e.g., careful observation of all animals in the 
postadministration period, and pathological examination of survivors 
to detect latent toxicity. 


Portions of the book suffer from inadequate editorial supervision. 
Numerous tables (e.g., Chapter 4, Table 13, and associated Appendix; 
and Chapter 1 1 ,  Tables 1 and 20) contain facts that are not organized on 
any basis. Individual chemicals could have been listed alphabetically 
within each table but instead appear in semirandom fashion. I t  is un- 
fortunate that these defects, which could have easily been corrected, were 
overlooked. 


On the positive side, background data are accompanied by extensive 
reference sections, and potential sources of error in development and 
interpretation of toxicity studies are emphasized. This text is a good 
comprehensive source of information for those conducting toxicological 
research. 


Reuiewed by Frederick J. Goldstein 
Philadelphia College of Pharmacy and 


Philadelphia. PA 19104 
Science 


International Nonproprietary Names (INN) for  Pharmaceutical  
Substances. Cumulative List No. 4. World Health Organization, 
Health and Biomedical Information Programme, 1211 Geneva 27, 
Switzerland, 1976.314 pp. 17.5 X 24 cm. Price $19.20. 
This book is a computer printout of international nonproprietary 


names (INN) of pharmaceutical substances in alphabetical order of the 
Lat.in names. Each entry includes the I N N  in English, French, Russian, 
and Spanish; indicates the national compendia in which the names ap- 


Molecular Connectivity in Chemistry and  Drug Research. By 
LEMONT B. KIER and LOWELL H. HALL. Academic, 111 Fifth 
Ave., New York, NY 10003, 1976.257 pp. 15 X 24 cm. Price $27.00. 
This book represents the results of recent research into the utility of 


the connectivity index as a parameter for correlating physical, chemical, 
and biological properties. The 10 chapters in the book may be divided 
into roughly three sections. 


The first section contains Chapters 1-3 on Structure and Properties, 
Elements of Graph Theory and Topological Indices, and Molecular 
Connectivity, respectively. These provide a general introduction to their 
topics. Both Chapters 2 and 3 may appear to be more abstract and formal 
than necessary on first reading. However, the equations and algorithms 
provided for the calculation of the various connectivity indices are very 
general. Computational facility may be gained through working the many 
examples provided in the numerous tables and in Appendix A. 


The second part of the book, Chapter 4 on Molecular Properties and 
Chapter 5 on Molar (Bulk) Properties and Molecular Connectivity, 
provide examples of the correlation between the various connectivity 
indices and such properties as heat of formation and atomization, molar 
polarizibility, diamagnetic susceptibility, heat of vaporization, boiling 
point, aqueous solubility, and partition coefficient. In general, for each 
physical property the discussion is organized and correlations are pre- 
sented by functional group. 


The third part of the book focuses on biological activity correlations. 
Chapter 6 considers nonspecific biological activity (anesthetic and nar- 
cotic activity), while Chapter 7 considers more specific responses such 
as enzyme inhibition and microbial inhibition. Chapter 8 considers the 
use of multiple chi (connectivity) and chi-squared terms in correlating 
biological activities, while Chapter 9 considers the use of chi terms plus 
other physical property terms, primarily the Hammett sigma values, in 
correlation analyses. Finally, Chapter 10 concludes the book with re- 
flections on the nature and future of connectivity. In this chapter, the 
authors ask such questions as: “Is the particular choice of chi important?” 
and “How is one to interpret the chi terms?”, note problem areas such 
as cis-trans- isomerism, conformation, and high structural complexity, 
and suggest some possible future uses of chi. 


While much of the content is available in the literature, the book pulls 
everything together, plus offers more of an introduction to graph theory 
and the development of the various connectivity indices. As the authors 
clearly state, much remains to be investigated. In the reviewer’s opinion, 
it is too early to assess the value of molecular connectivity relative to other 
parameters. However, the index is no more difficult to compute than 
other commonly employed parameters, and the technique is easily gen- 
eralized to the computation of number of indices. The method certainly 
merits the attention of researchers in structure-activity work as another 
(more fundamental?) parameter to aid in drug design. Although the book 
is more introductory and preliminary than one might like (it represents, 
for the most part, the results of investigations by one research group over 
the past 2-3 years), it can be recommended, particularly to investigators 
interested in structure-activity methodology, as a new and potentially 
useful technique. 


Finally, some simple calculations reveal a cost of over 10 cents per page. 
This seems particularly steep since approximately one-third of the text 
is occupied by tables. 


Reviewed by Gordon L. Amidon 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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Polyethylene Glycol as a Binder for Tablets 


R. C. SHAH", P. V. RAMAN, and P. V. SHETH 


Abstract 0 Polyethylene glycol 6000 was evaluated as a binder for the 
direct compression of 11 tablet formulations. Six formulations com- 
pressed quite well, and the resulting tablets were satisfactory in all re- 
spects. To evaluate stability, actual shelflife studies were considered more 
appropriate than the accelerated studies. After a shelflife of 3 years, five 
of the six formulations were stable. The ascorbic acid formulation was 
stable for up to 18 months. 


Keyphrases Polyethylene glycol-as binder for direct compression 
of tablets, various drugs, stability evaluated Tablets-various drugs, 
polyethylene glycol as binder for direct compression, stability evaluated 


Stability-tablets of various drugs using polyethylene glycol as binder 
Binders-polyethylene glycol in direct compression of tablets, various 


drugs, stability evaluated Dosage forms-tablets, various drugs, 
polyethylene glycol as binder for direct compression, stability evalu- 
ated 


Most therapeutic agents lack compression and flow 
characteristics required for direct compression and must 
be processed prior to tableting. The most widely used 
method of tablet preparation is wet granulation (1). This 
process is obviously unsuitable for heat- and solvent-labile 
substances. In such cases, the precompression or slugging 
method is applicable (1). At  present, one promising al- 
ternative to granulation is direct compression. It offers 
several advantages, e.g., ease, economy, and increased 
product stability and dissolution. 


BACKGROUND 


Few drugs possess a crystalline structure suitable (1) for direct com- 
pression. For tablets where the drug constitutes a major portion of the 
total weight, direct compression should not be used. Direct compression 
is feasible when the drug makes up only a small percentage of the total 
tablet. The drug is formulated with a suitable agent like pregranulated 
calcium phosphate (l), a mixture of sucrose powder and invert sugar' (I), 
spray-dried mannitol (l), spray-dried lactose USP2 (2), a special form 
of dextrose3 (Z), lactose USP (beadlets4) (3), dextrose corn syrup solids5 
(3), directly compressible starch6 (4), and microcrystalline cellulose7 
(5). 


The discoloration on standing that occurs with directly compressible 
sugars and the moisture absorption and poor flow properties of micro- 
crystalline cellulose and directly compressible starch are their main 
drawbacks. 


Recently, polyethylene glycols or polyglycols, which have the basic 
formula of HO(CH2CH20),H, have become very useful and versatile in 
pharmaceutical formulation due to their chemical stability, physiological 
inertness, and water solubility. The lower molecular weight liquids are 
useful solvents; the higher molecular weight solids, having a waxy ap- 
pearance and various melting ranges, are ideally suited to preparing 
ointment and suppository bases (6). 


Polyethylene glycol 6000 has been used to prepare solid dispersions 
of poorly water-soluble or water-insoluble drugs such as griseofulvin (7), 
hydrocortisone acetate (8), methyltestosterone (8), prednisolone acetate 
(8), and digitoxin (8) to increase dissolution, absorption, and total 
availability. Five poorly water-soluble liquids (9), benzonatate, clofibrate, 
methyl salicylate, benzyl benzoate, and dl-alpha-tocopheryl acetate, were 
converted into convenient solid dosage forms by dispersing them in 
polyethylene glycol 6000 as a carrier by the melting method. Solid poly- 


Dry-Tab, Nulomoline Division, Sucrest Corp., New York, NY 10005. 
2 Foremost Dairies Inc., Ap leton, Wis. 
3 Cerelose, Corn Products d., New York, N.Y. 


Foremost Dairies Inc., San Francisco, Calif. 
5 Catalog No. PAF-2011, Celutab, Penic and Ford Ltd., Cedar Rapids, Iowa. 
6 Sta-Rx 1500, A. E. Staley Manufacturing Co., Decatur, Ill. 
7 Avicel, F.M.C. Corp., New York, N.Y. 


ethylene glycolss of higher molecular weights are potentially strong 
binders and have been used as wet granulating agents (10) and coating 
materials (11). Acid-neutralizing rates of the conventional antacids can 
be tailored by incorporation of polyethylene glycol 6000 (12). 


This study was initiated to investigate the use of polyethylene glycol 
6000 as a tablet binder for direct compression. When the bulk of the tablet 
consists of the potent drug, the process is highly economical in restricting 
the size and weight of the tablet to the minimum without impairing 
pharmaceutical elegance, hardness, weight uniformity, friability, disin- 
tegration, and dissolution. 


EXPERIMENTAL 


Materials and Equipment-Polyethylene glycol 60009 in the form 
of flakes, mp 60-63O, was used. 


The tablets were compressed on a rotary tableting machinelo, using 
punches and dies ranging from 8.5 to 13.5 mm. 


Tablet hardness was determined on a hardness tester", and disinte- 
gration timed2 were measured by the BP method using distilled water 
a t  room temperature. The tablet disintegration unit12, using No. 50 mesh 
sieves for the baskets, was employed to study the dissolution patterns. 


An air oven with a thermostatic control (f5')  was used to heat the 
formulations after pulverization through a comminuting mill13. The ac- 
tive ingredients, excipients, and magnesium stearate in the formulations 
complied with USP requirements. Phenpr~bamate'~ and glucuronolac- 
tone15 were tested according to the specifications of their manufacturers, 
and clefamide16 was tested according to the BPC. 


Methods-The active ingredient with the required excipients was 
uniformly mixed with 8-17% of polyethylene glycol 6000. The mixture 
was passed through the pulverizer using a No. 20 mesh sieve. The pow- 
dered mixture was heated at  80-85' in an air oven for 3 hr. Then the 
heated mass was cooled and screened through a No. 12 mesh sieve by 
hand and blended with magnesium stearate, if necessary. For sulfisom- 
idine tablets, a mixture of sulfisomidine and polyethylene glycol 6000 
was pulverized, heated, cooled, passed through a No. 12 mesh sieve by 
hand, and then mixed with the excipients. About 5000 tablets were 
compressed at a rate of 300 tabletslmin after correct adjustments of 
weight and pressure. The first 500 and the last 500 tablets were rejected. 
Eleven formulations of the tablets were evaluated. 


The compressed tablets were evaluated for weight variation, hardness, 
content uniformity, disintegration time, and 50% dissolution time. A 2-ml 
aliquot of the 1 liter of dissolution medium (distilled water) was sampled 
every 5 min with a filter pipet for 30 min. The withdrawn samples were 
assayed for the active ingredients, and percent dissolved-time plots were 
drawn. The time for 50% dissolution of the active ingredient was deter- 
mined from the respective plot. Friabilities for fresh samples were de- 
termined in a Roche-type friabilator. The tablets of each type were 
weighed, subjected to rotation for 20min at 25rpm, and then reweighed 
after careful dusting. The percentage of weight loss was then calculat- 
ed. 


Each sample was packed in 100-ml amber glass bottles having child- 
proof seals and subjected to a shelflife study for 3 years. Every year the 
samples were examined for physical appearance, hardness, disintegration 
time, and 50% dissolution time. Active ingredients in the formulations 
at  the time of preparation and at  the end of 3 years were determined by 
the official methods. 


RESULTS AND DISCUSSION 


Out of the 11 formulations evaluated, five formulations failed to give 
satisfactory tablets. The 250-mg iodochlorhydroxyquin tablets and the 


8 Polyox WSR-35, WSR-205, and WSR-301, Carbon and Carbide Chemicals 


9 Carbowax 6000, Union Carbide Chemicals Co., New York, NY 10017. 
10 Manesty model D3A. 
11 Monsanto, distributed by F. J. Stokes Co. 
12 Thermonic tablet disintegration machine, B. P. Standard, Campbell Elec- 


tronics, Bombay-28, India. 
l 3  Fitzmill model D, 5000 rpm, W. T. Fitzpatric Co., Chicago, Ill. 
14 Gamaquil, Siegfried Ltd., Zofingen, Switzerland. 
15 Chugai Pharmaceuticals Ltd.,Tokyo 101, Japan. 
'6 Mebinol, Carlo Erba Sp.A., Milan, Italy. 
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Table I-Weight Variation and Friability of the Tablets at the 
Time of Preparation and Hardness Data of the Tablets for 3 
Years 


Weight 
Variation” 


Mean Fri- 
Weight, Hardnessb, kg ability“, 


Tablet me SD 0 1 2  3 % 


Ascorbic acid 602 2.3 4 5.3 7.1 7.3 0.33 
Diethvlcarbamazine 203 1.4 3.2 3.5 3.3 3.1 0.17 


citrite 
B complex 147.3 1.5 2.4 2.3 2.7 2.5 0.15 
Chloramphenicold 302 


(film coated) (cores) 1.9 6.1 6.3 6.2 6.5 - 


- 
Tetracycline 268 


(film coated) (cores) 1.8 7.1 6.8 6.7 7 
Sulfisomidine 631 3 4 3.8 4.1 4.2 0.37 


a Average of 20 tablets. * Average of 10 readings taken at: 0, the time of prepa- 
ration; 1, the end of the 1st year; 2, the end of the 2nd year; and 3, the end of the 3rd 
year. c Average of two readings. d Friability data are not given because both tablets 
are film coated. 


400-mg phenprobamate tablets had satisfactory compressibility and 
hardness but very high disintegration time. The 100-mg isoniazid and 
37.5-mg thiacetazone tablets showed appreciable capping. The 250-mg 
clefamide tablets displayed sticking to the punches and die even when 
2% magnesium stearate was used. The 150-mg glucuronolactone tablets 
discolored on heating, resulting in mottled tablets. 


The following six formulations gave satisfactory tablets: 
1. Ascorbic acid tablets containing 500 mg of ascorbic acid and 100 mg 


of polyethylene glycol 6000. 
2. Diethylcarbamazine citrate tablets containing 50 mg of diethyl- 


carbamazine citrate, 20 mg of starch, 104 mg of lactose, 25.4 mg of poly- 
ethylene glycol 6000, and 0.6 mg of magnesium stearate. 


3. B complex tablets containing 6 mg of thiamine mononitrate, 2 mg 
of riboflavin, 0.5 mg of pyridoxine hydrochloride, 1.5 mg of calcium 
pantothenate, 0.55 mg of folic acid, 25 mg of niacinamide, 50 mg of lactose, 
40 mg of starch, and 24.45 mg of polyethylene glycol 6000. 


4. Chloramphenicol tablets containing 250 mg of chloramphenicol, 
30 mg of starch, and 30 mg of polyethylene glycol 6000. 


5. Tetracycline hydrochloride tablets containing 250 mg of tetracycline 
hydrochloride and 20 mg of polyethylene glycol 6000. 


6. Sulfisomidine tablets containing 500 mg of sulfisomidine, 37 mg of 
starch, 12 mg of talc, 70 mg of polyethylene glycol 6000, and 6 mg of 
magnesium stearate. 


The granules of all satisfactory formulations were uniform and free 
flowing. The flow of sulfisomidine granules was not satisfactory, and it 
was necessary to use talc as a glidant. 


The data for weight variation and friability of the fresh samples and 
for hardness of the fresh as well as the aged samples of the six satisfactory 
formulations are given in Table I. Disintegration times and 50% disso- 
lution times for the fresh as well as the aged samples are given in Table 
11. From these tables, it is evident that the weight variation, hardness, 
friability, disintegration time, and 50% dissolution time of all fresh 
samples fell within the prescribed limits. 


There was no significant change in hardness, disintegration time, and 


Table 11-Disintegration and Dissolution Data of the Tablets for 
3 Years 


Disintegration Time for 50% 
Timen, sec Dissolution“, sec 


Tablet 0 1 2 3 0 1 2 3  


Ascorbicacid 510 630 1260 1530 180 330 420 420 
Diethylcarbama- 270 270 330 300 60 90 90 60 


zine citrate 
B complex 300 270 360 330 120 150 120 120 
Chloramphenicol 510 450 420 450 300 330 300 390 


(film coated) 
Tetracycline 720 840 810 930 480 450 510 390 


(film coated) 
Sulfisomidineb 420 510 390 450 - - - - 


~~ 


Average of five readings taken at: 0, the time of preparation; 1, the end of the 
1st year; 2, the end of the 2nd year; and 3, the end of the 3rd year. * It was not pos- 
sible to get dissolution data for sulfisomidine tablets because a perfect sink condition 
could not be attained. 


Table 111-Assay” of Active Ingredients 


At Time of After 3 
Tablet Preparation, % Years, % 


Ascorbic acid 
Diethylcarbamazine citrate 
B complex 


Thiamine mononitrate 
Riboflavin 
Folic acid 
Pyridoxine hydrochloride 
Calcium pantothenate 
Niacinamide 


Chloramphenicol (film coated) 
Tetracycline (film coated) 
Sulfisomidine 


a Average of two readings. 


107 
103 


98 
97 


103 
98 


105 
95 
97.5 


105.5 
95 


- 


90 
105 


90 
94.5 


105 
103 
103 
98 
95 


108 
96.5 


- 


50% dissolution time during the shelflife period of 3 years with diethyl- 
carbamazine citrate, B complex, chloramphenicol (film-coated green), 
tetracycline hydrochloride (film-coated orange), and sulfisomidine 
tablets. With ascorbic acid tablets, there was a stepwise increase in 
hardness, disintegration time, and 50% dissolution time. The content 
uniformity of diethylcarbamazine citrate and B complex tablets was well 
within the limits prescribed in NF XIV. 


Diethylcarbamazine citrate and sulfisomidine tablets maintained their 
original whiteness throughout the 3 years. The coatings of chloram- 
phenicol (film-coated green) and tetracycline hydrochloride (film-coated 
orange) maintained their original color and gloss and remained intact 
without any cracks during this period. The inside cores of chloram- 
phenicol and tetracycline hydrochloride tablets did not show any sign 
of discoloration. These two cores were subjected to TLC, and decompo- 
sition products were totally absent at the end of 3 years. 


B complex tablets, which usually need a protective coating to prevent 
decomposition and development of unpleasant odor, maintained fresh- 
ness throughout the 3 years. A slight deepening of the yellow color of B 
complex tablets a t  the end of 3 years was not significant. With ascorbic 
acid tablets, there was a progressive discoloration; the tablets were light 
brown at  the end of 3 years. 


The complete analytical data for the fresh and aged samples are given 
in Table 111. The ascorbic acid formulation decomposed to an extent of 
17% in 3 years. The other five formulations were reasonably stable for 
3 years. 
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Interactions of Indomethacin with Lysosomes and Proteins 


D. A. LEWISX and HELEN E. KRYGIER 


~ 


Abstract 0 The stabilizing action of indomethacin on lysosomes and 
protein i n  uitro was studied. The magnitude of the stabilizing action on 
lysosomes was greater than that of aspirin or oxyphenbutazone, similar 
to that of phenylbutazone, but less than that of prednisolone. The sta- 
bilizing action of indomethacin on lysosomes possibly may contribute 
to its anti-inflammatory properties. 


Keyphrases 0 Indomethacin-effect on lysosome and protein stability 
in uitro, compared to other drugs Lysosomes-stability, effect of in- 
domethacin i n  vitro, compared to  other drugs Protein-stability, egg 
albumin, effect of indomethacin i n  uitro, compared to other drugs 0 
Anti-inflammatory agents-indomethacin, effect on lysosome and pro- 
tein stability i n  vitro, compared to other drugs Stability-lysosome 
and protein zn uitro, effect of indomethacin, compared to other drugs 


It was reported (1) that indomethacin has little action 
on lysosomes but stabilizes canine and human erythrocytes 
from heat-induced and hypotonic rupture (2). It was sug- 
gested (2) that the stabilizing action of the drug was due 
to its stabilizing action on membrane proteins and that 
erythrocyte and lysosomal membranes have certain com- 
mon properties. 


Variations in experimental procedures can lead to dif- 
ferent results in lysosome stabilization experiments (3). 
This study compared the action of indomethacin on lyso- 
somes with that of other drugs under identical conditions 
and over a wide concentration range. The action of in- 
domethacin on protein stability also was studied. 


EXPERIMENTAL 


Action of Indomethacin on Lysosomes-Lysosomes were isolated, 
as previously described (4), from freshly excised rat liver homogenates 
in 0.05 M tromethamine-acetate-buffered sucrose (0.25 M )  (pH 7.4). The 
homogenate was subjected to  differential centrifugation' a t  4' and the 
lysosomes were isolated in the fraction sedimenting at  10,000Xg after 
20 min of centrifugation. Then the lysosomes were suspended in tro- 
methamine-acetate-buffered isot,onic sucrose (pH 7.4) to a final protein 
concentration of 5 mg/ml. The drugs were dissolved in dimethyl sulfoxide, 


I I 1 


10-9 10-8 1 0 - 7  1 0 - 6  10-5 10-4 
CONCENTRATION OF DRUG, M 


Figure 1-Action of indomethacin and other drugs on lysosomes. 
Values below 100% (control ualues) represent a stabilizing action by 
the drug. Values greater than 100% represent a lytic action by the drug. 
Each point represents the mean of four determinations f o r  each con- 
centration. Key: 0 ,  aspirin; ., oxyphenbutazone; ., phenylbutazone; 
+, indomethacin; and A, prednisolone. 
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Figure %-Effect of indomethacin on protein stabilization. The control 
values represent a mean of nine determinations, and the test results 
represent a mean of three determinations for each concentration. The 
control values were adjusted to  100% at  each reading, altd the experi- 
mental ualues were calculated as a percent o f tha t  figure. Values below 
100% represent a stabilizing action by the drug on  the prctein. Key: 0, 


M; 0, M; A, M; and 0 ,  controls. 


and portions (0.1 ml) were added to 5 ml of the lysosome suspension (5 
mg of proteidml) in tromethamine-acetate-buffered isotonic sucrose 
(pH 7.4). 


The suspensions were incubated for 90 min at  37' in a shaking reaction 
incubator and then centrifuged at  20,000Xg for 20 min. The acid phos- 
phatase activity was determined by incubating 0.1 ml of the supernate 
with 0.05 ml of p-nitrophenyl phosphate2 (0.015 M )  and 0.5 ml of 0.09 
M citrate buffer (pH 4.8) for 30 min at  37'. The reaction was stopped by 
the addition of 0.1 M NaOH, and the liberated p-nitrophenol was de- 
termined a t  410 nm. Drugs were omitted from the controls. 


Action of Indomethacin on Proteins-Portions (0.1 ml) of the drug 
in dimethyl sulfoxide were incubated with 5 ml of egg albumin solution 
(pH 7.4) a t  65' in a water bath, and the absorbance was measured peri- 
odically a t  420 nm (4). The drug was omitted from the controls. 


- 


RESULTS 


Action of Indomethacin on Lysosomes-The results (Fig. 1) show 
that indomethacin stabilized the lysosomes over a wide concentration 
range. The effect was greater than that of aspirin (which did not stabilize 
the lysosomes) and oxyphenbutazone, similar to that of phenylbutazone, 
but less than that of prednisolone. 


Action of Indomethacin on Proteins-Indomethacin stabilized the 
protein against thermal denaturation, with maximum values at  M 
(Fig. 2). The fall off in stabilization a t  M may be a consequence of 
solubility of the drug-protein complexes at  this high concentration since 
immediate precipitation of the complex occurred at concentrations above 
this value (lO-I.3 and lo-' M ) .  This result is in agreement with previous 
findings that many nonsteroidal drugs stabilize proteins (5,6). 
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Effect of Pentazocine on Pressor Responses of 
Epinephrine and Levarterenol 


G .  D. RUSSIX and F. GENE MARTIN 


Abstract 0 In rats anesthetized with pentobarbital, pentazocine po- 
tentiated the pressor response of two exogenous amines, epinephrine and 
levarterenol. Although the mechanism for the pentazocine-induced po- 
tentiation of the pressor amines has not been proven, i t  is speculated that 
pentazocine may increase the blood pressure response of certain amines 
by interacting with the sympathetic nervous system. 


Keyphrases Pentazocine-effect on pressor responses of epinephrine 
and levarterenol, rats 0 Epinephrine-pressor responses, effect of 
pentazocine, rats Levarterenol-pressor responses, effect of pen- 
tazocine, rats Pressor responses-epinephrine and levarterenol, effect 
of pentazocine, rats Analgesics-pentazocine, effect on pressor re- 
sponses of epinephrine and levarterenol, rats 0 Adrenergic agents- 
epinephrine and levarterenol, pressor responses, effect of pentazocine, 
rats 


Pentazocine, a weak narcotic antagonist of the benzo- 
morphan series, was first synthesized by Archer et al. (1). 
It is an effective analgesic in humans (2) with a low inci- 
dence of adverse effects (3). 


Whereas the cardiovascular effects of morphine are 
hypotension and bradycardia, pentazocine produces a rise 
in systemic arterial blood pressure and heart rate (2). 
Therefore, Hobler et al. (4) suggested that pentazocine 
might be a useful analgesic and less dangerous than mor- 
phine in hypotensive patients. 


The present study concerned the possibility that pen- 
tazocine might increase blood pressure and heart rate by 
altering the responses to transmitter amines. This paper 
reports the effects of pentazocine on the pressor responses 
to exogenous epinephrine (I) and levarterenol(I1). 


EXPERIMENTAL 


Male Sprague-Dawley rats were anesthetized with pentobarbital so- 
dium, 40 mg/kg ip, combined with atropine sulfate, l mg/kg. Animals were 
artificially respired throughout the experiment with a rodent respirator1. 
The right carotid or femoral artery was cannulated with polyethylene 
tubing filled with heparin in saline to facilitate pressure measurements 
using a pressure transducer2. The right femoral vein was cannulated for 
intravenous injections of drugs. 


Pressure changes were analyzed by planimetric measurement of the 
area, in square centimeters, under the dose-mean blood pressure response 
curve and by measurement of the time, in seconds, for the mean blood 
pressure response to return half-way to the control value. Statistical 
analysis was performed by using the analysis of variance combined with 
Duncan’s new multiple range test ( 5 ) .  Levarterenol bitartrate? and epi- 


1 Harvard Apparatus Co. model 680. 
Statham P23AC. 
Siama Chemical Co.. St. Louis, Mo. 
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Figure 1-Effect of intravenous pentatocine (milligrams per kilogram 
shown in the bars) on the duration (T/2, in seconds) of the pressor re- 
sponses to I and 11. All doses of pentazocine significantly (S) poten- 
tiated the duration of the pressor responses to I and I1 when compared 
t o  the control (C) a t  p < 0.05. 


nephrine bitartrate? solutions were prepared from stock solutions on the 
day of use. Pentazocine4 was dissolved in acidic aqueous solutions prior 
to use. All doses are reported as the salt. 


RESULTS AND DISCUSSION 


Epinephrine, 2 fig/kg, and levarterenol, 2 Pg/kg, were given intrave- 
nously to rats to determine control blood pressure responses. Pentazocine 
was given in 2.5-mg/kg increments intravenously until a total dose of 10 
mg/kg had been administered. The intravenous administration of pen- 
tazocine routinely depressed the blood pressure, but the depression was 
transient and the blood pressure was allowed to return to control levels 
before the agonists were given. 


After each dose of pentazocine, the agonists were again administered 
and the responses were measured and compared to control responses. 
All doses of pentazocine significantly increased the duration of the pressor 
responses to epinephrine and levarterenol (Fig. l), while the area under 
the dose-response curve of these two amines was significantly increased 
only after a 10-mg/kg dose (Fig. 2). 


Since these experiments involved a long period and several injections 
per animal, a study was conducted to evaluate the possibility that the 
responses to epinephrine and levarterenol might be increased by some 
sort of autopotentiation instead of an action by pentazocine. Blood 
pressure responses to four doses of epinephrine were obtained several 
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these derivatives with the active site and/or isozyme responsible for the 
oxidation of tryptamine (22). From these suppositions, i t  appears that  
a 3,4-dimethoxyphenethylamine nucleus with a @-hydroxy group cannot 
properly bind with the active site and/or isozyme associated with both 
tyramine and tryptamine oxidation. 


The monoamine oxidase inhibitory activity of 4-methoxypheneth- 
ylamine derivatives has been used to explain the folkloric uses of D. 
longimamma as a psychoactive “peyote” cactus (19). Macromerine and 
normacromerine are the major alkaloids in C. macromeris var. runyonii 
(111, and this cactus was reported to be psychoactive (16,28). Vogel et 
al. (29) concluded that macromerine and normacromerine were not re- 
sponsible for the psychoactivity, since they produced no effects on the 
conditioned avoidance response in rats. Since macromerine and nor- 
macromerine are devoid of monoamine oxidase inhibitory activity, there 
appears to be no correlation between the presence of these compounds 
and the purported psychoactivity of C. macromeris var. runyonii. 


Harley-Mason (30) predicted that an abnormal methylation of dop- 
amine and/or norepinephrine in uiuo could produce I or IV. Of these 
compounds, I received wide attention because of its detection in the urine 
of schizophrenics (31). Later studies revealed that urinary excretion of 
I is not unique to schizophrenia (32) and that administration of this 
compound to humans produces no psychological changes (33, 34). 
However, the ingestion of cacti containing I and/or its N-methyl deriv- 
atives together with indirectly acting amines such as synephrine could 
alter behavior by inhibiting monoamine oxidase and thus potentiating 
the effects of the indirectly acting amines. This may be the case with the 
supposedly psychoactive C. macromeris var. runyonii. Although the 
major alkaloids do not inhibit monoamine oxidase, this cactus does 
contain two known monoamine oxidase inhibitors, N-methyl-4- 
methoxyphenethylamine and 11, together with several indirectly acting 
amines i l l ) .  This situation may also contribute to the well-documented 
hallucinogenic activity of the mescaline-containing cacti. 
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Abstract 0 According to the alkaloid profiles, five different chemotypes 
(A, B, C, D, and E) were classified in Papauer orientale L. with haploid 
chromosome number n = 14. Chemotype A had only oripavine; che- 
motype B contained oripavine and thebaine; chemotype C had isothe- 
baine in addition to oripavine; chemotype D contained oripavine and 
alpinigenine; and chemotype E had oripavine, thebaine, and alpinigenine. 
In all chemotypes, oripavine was either the sole alkaloid or the single 


major alkaloid. 


Keyphrases 0 Papauer orientale L.-chloroform extract of seed cap- 
sules, alkaloids isolated and identified, five chemotypes classified Al- 
kaloids-isolated and identified, chloroform extract of seed capsules of 
Papauer orientale L., five chemotypes classified 


In continuation of a broad study of the Iranian wild 
Papaveraceae (1-5), alkaloids of Papauer pseudo-orientale 
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Fedde. and preliminary results on the alkaloids of P. ori- 
entale L. were reported (4). In this work, qualitative and 







Table I-Classification of P. oriedtale L. 
Population Chemotype OripavineO, % Thebaine", % Isothebaine", % AlpinigenineR, % 


Khalkhal A 
B 
C 


Siah Cheshmeh A 
B 


Guleh Khaneh 


Shuran 


1.15 
0.85 
0.5 
1 
0.8 
0.5 
1.2 
0.88 
0.8 
1.25 
1.2 


None None 
0.15 None 
None 0.3 
None None 
0.1 None 
None None 
None None 
0.4 None 
0.35 None 
None None 
0.3 None 


None 
None 
None 
None 
None 
0.3 
None 
None 
0.05 
None 
0.05 


The percentages of the alkaloids were based on the dried seedless capsules. 


quantitative results on the alkaloid content of P. orientale 
L.l are reported. 


BACKGROUND 


P. orientale L. is a perennial wild poppy growing in the north and 
northwest of Iran at  2000-2500 m above sea level. The height of the plant 
is 30-70 cm (occasionally 1 m), bearing one to four flowering stems and 
usually four, rarely six, pale-orange petals with no marking above the 
base. The petals distinguish P. orientale L. from P. bracteaturn Lindl. 
and P. pseudo-orientale Fedde. In addition, P. orientale L. lacks bracts 
while the other two species have bracts. 
P. orientale L. is the only species in section oxytona that can be re- 


garded as truly alpine, though it  also grows a t  low altitudes with P. 
pseudo-orientale Fedde. in moist, sheltered areas. I t  blooms in late June 
at  low elevations, but flowering continues until early September a t  high 
altitudes and on open slopes. 


Three species of section oxytona were classified according to their 
haploid chromosome numbers: P. bracteaturn Lindl., n = 7; P. orientale 
L., n = 14; and P. pseudo-orientale Fedde., n = 21 (6). 


Extensive chemical studies in section oxytona revealed that P. brac- 
teaturn Lindl. contained thebaine (1,3) or thebaine along with alpini- 
genine (2,7,8). P. pseudo-orientale Fedde. contained isothebaine as a 
major alkaloid and orientalidine, bracteolin, salutaridine, Orl, Orz, PO-4, 
alborine (P0-5), and aryapavine as minor alkaloids (4). Some workers 
found oripavine in P. orientale L. (9, lo), while others reported the same 
alkaloid in P. bracteaturn Lindl. (11). These results suggest that  the 
previous alkaloid accounts are unreliable with respect to species deter- 
mination (6). 


To clarify present uncertainties, the alkaloid contents of the capsules 
of P. orientale L., collected from Shuran, Zinjinab, Siah Cheshmeh, 
Khalkhal, and Guleh Khaneh, were isolated and studied. 


EXPERIMENTALz 


A small portion (about 100 mg) of individual capsules collected from 
each region was ground, moistened with ammonia, and extracted ex- 
haustively with chloroform (5 X 5 ml) a t  room temperature. The solvent 
was evaporated, and the residue was chromatographed [TLC, silica gel, 
ethyl acetate-methanol-ammonia (85:105)]. The spots were detected 
first under the UV lamp and then were developed with Dragendorf re- 
agent. 


For semiquantitative analysis, the remaining individual capsules, which 
were chemically similar by TLC and were collected from the same geo- 
graphical source, were mixed to obtain about 50 g of dried material. These 
capsules were powdered so that all of the material possessed a mesh size 
not greater than 0.5 mm. The powder was moistened with ammonia, 
macerated with 200 ml of chloroform overnight a t  room temperature, and 
filtered. This procedure was repeated three more times. The chloroform 
was evaporated under reduced pressure, and the residue was treated with 


The plant was identified by P. Goldblatt, Missouri Botanical Garden, St. Louis, 
Mo. Herbarium samples were deposited in the Missouri Botanical Garden. (Also 
see Ref. 6.) 


2 Melting points were taken with a Koffler hot-stage microscope and are uncor- 
rected. UV spectra were recorded on a Varian Techtron 635 instrument. NMR 
spectra were taken with a Varian A60A instrument. Mass spectra were recorded 
on a CH5 spectrometer at Aryamehr Technical University. IR spectra were obtained 
with a Leitz Model 111 spectrograph. The optical rotation was measured with a 
Perkin-Elmer polarimeter model 241 instrument. For qualitative detection of al- 
kaloids, the silica gel was DC-Karten SI F from Riedel (West Germany). 


dilute acetic acid (20%, 20 ml) and filtered. The residue was then washed 
with water (20 ml). 


The combined aqueous solutions were made alkaline with ammonia 
and extracted with chloroform (4 X 25 ml). The organic layer was dried 
(sodium sulfate), filtered, and evaporated to give the crude total alkaloids. 
The crude extract was subjected to preparative TLC [silica gel, ethyl 
acetate-methanol-ammonia (85105)], and each alkaloid was eluted with 
chloroform-methanol (8020). The solvent was evaporated and weighed 
to determine the percentage of alkaloid. The residue was crystallized from 
an appropriate solvent and characterized (see Results and Discussion 
and Table I). 


RESULTS AND DISCUSSION 


The following alkaloids were isolated by TLC and characterized. 
1. Oripavine (I): Rf 0.36, mp 201-203' (ethanol) [lit. (4, 9) mp 201- 


203'1, mixed melting point with an authentic sample 201-203'; NMR 
(deuterochloroform): 6 6.50 (broad s, 2H, aromatic), 5.90-5.63 (broad s, 
lH ,  OH), 5.50 (d, lH,  H-7 or 8), 5.23 (s,  lH,  H-5),5.0 (d, lH ,  H-8 or 71, 
3.56 (s, 3H, CHsO), and 2.43 (s, 3H, NCH3) ppm; [a]g -216.9O fc  = 3.44, 
CHCl3) [lit. (9) [ c Y ] ~  -211.8'1; UV,,, (ethanol): 283 (log c 3.90) nm; rnle: 
297 (M+). 


Anal.-Calc. for C I ~ H ~ ~ N O ~ :  C, 72.73; H, 6.39; N, 4.71. Found C, 72.85; 
H, 6.41; N, 4.65. 


The reaction of oripavine with diazomethane in methanol-ether af- 
forded, in quantitative yield, thebaine (II), mp 193' (ethanol), mixed 
melting point with an authentic sample 193' (I) .  The spectral data (IR, 
UV, NMR, and mass) were identical with an authentic sample. 


2. Thebaine (11): Rf 0.36, mp 193' (ethanol) [lit. (1) mp 193'1, mixed 
melting point with an authentic sample 193O. The spectral data (IR, UV, 
NMR, and mass) were identical with an authentic sample. 


3. Isothebaine: Rf 0.43, mp 203-204' [lit. (4,12) mp 203-204'1, mixed 
melting point with an authentic sample 203-204'; NMR (CDCM: 6 7.63 
(broad s, lH,  OH), 7.30-6.70 (m, 3H, aromatic), 6.53 (s, lH ,  H-3h3.88 
(~,3H,OCH3),3.82 (~,3H,OCH3),and 2.47 (s,3H,NCH3) ppm (13); [a]&' 
+275O (c = 1.47, CHC13) [lit. (14) [a];' 281 f 10'1; UV, (methanol): 270 


Ro)Q) n 


I : R = H  
11: R = CH, 


OCH, 'OCH, 
IV 


Vol. 66, No. 7, July 1977 11051 







(log t 4.16) nm; m/e: 311 (Mf). 
Anal.-Calc. for C I ~ H ~ I N O ~ :  C, 73.31; H, 6.75; N, 4.50. Found: C, 73.21; 


H, 6.81; N, 4.58. 
4. Alpinigenine: Rf 0.68, mp 185-186" [lit. (2 )  mp 185-186"], mixed 


melting point with an authentic sample 185-186'; [alp +230.2" (c = 1.59, 
CHCls) [lit. (15) [&'+286O]. The spectral data (IR, UV, NMR, and mass) 
were identical with an authentic sample (2). 


The alkaloid profiles of P. orientale L. from different geographical 
areas suggested classification according to five different chemotypes 
(Table I). Oripavine was either a sole alkaloid of the poppy (chemotype 
A) or a single major alkaloid (chemotypes B, C, D, and E). 


A literature survey (16) revealed that alpinigenine was not found 
previously in P. orientale L. 
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Physiologically Active Substances from 
Marine Sponges IV: Heterocyclic Compounds 


JOGINDER S. CHIBX, MARTIN F. STEMPIEN, Jr., 
JACK T. CECIL, GEORGE D. RUGGIERI, andROSS F. NIGRELLI 


Abstract Several guanidine compounds were synthesized by the re- 
action of acid chlorides of thiophene and furan with guanidines. Some 
of these compounds showed antibiotic and cytotoxic activities. Series of 
pyrrole compounds were synthesized and found to have significant an- 
tibiotic activity. 


Keyphrases 0 Pyrroles, various-synthesized, evaluated for antibac- 
terial activity 0 Furans, various-synthesized, evaluated for antibacterial 
and cytotoxic activity Thiophenes, various-synthesized, evaluated 
for antibacterial and cytotoxic activity Heterocycles-various pyrroles, 
furans, and thiophenes synthesized, evaluated for antibacterial and cy- 
totoxic activity 0 Antibacterial activity-various pyrroles, furans, and 
thiophenes evaluated Cytotoxic activity-various furans and thio- 
phenes evaluated 0 Structure-activity relationships-various pyrroles, 
furans, and thiophenes evaluated for antibacterial and cytotoxic activi- 
ty 


Several biologically significant pyrrole (1) and indole 
(2,3) derivatives have been isolated from marine sources. 
Most of these compounds show pronounced antibiotic 
activity. During the present investigation of the sponge 
Agelas sp. (JC-6), a new brominated pyrrole derivative 
incorporating the guanidine moiety was isolated and 
showed significant activity against Escherichia coli ( 4 ) .  
This natural product also showed cytotoxicity against KB 
carcinoma cells (5). This report describes the synthesis of 
several pyrrole, furan, and thiophene analogs and their 
physiological activities. 


Table  I-Antibiotic Activity of Pyrrole Derivatives 


R; RL I ORi 


R, 


Activity against 
Compound RI R7 Rn R4 Rn E. coli" 


XIIa H OCHi H H H +++ ~~ ., ~~ 


XIIb H NH2 H H H ++++ 
XIIC CHz OCH3 H H H +++ 
XIId CHn NH? H H H ++++ 
XlIe H H H Br H ++++ 
XIIf H OCH3 H Br H ++++ 


H OCHs H Br Br ++ 
H OCHR Br Br Br + 


After paper disk incubation, zones of bacterial inhibition were measured: +, 
<15 mm; ++, 15-18 mm; +++, 18-22 mm; and ++++, >22 mm. 


EXPERIMENTAL' 


Chemistry-Since 2-aminopyrimidine (Ia) and guanidine (Ila) have 
a common structural unit, it was considered desirable to synthesize furan, 
thiophene, and pyrrole derivatives incorporating this structural feature. 


1 All melting points are uncorrected. Microanalyses were performed by 
Schwarzkopf Microanalytical Laboratories, Woodside, N.Y. IR spectra were re- 
corded on a Perkin-Elmer 421 grating IR spectrometer, NMR spectra were recorded 
on a Varian A-60A spectrometer, and mass spectra were recorded on a Hitachi 
Perkin-Elmer spectrometer 107. 
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KEEPING “BASICS” IN BALANCE 


As this column is being written, the Washington metropolitan area is experiencing 
a severe short-term water shortage attributable to malfunctioning equipment. Other 
water shortages ominously face the area due to a combination of decreased pre- 
cipitation and increased demand. The prospect of long-term water shortages may 
well have been avoided had various plans been implemented a decade or two earlier 
which called for a comprehensive series of dams and other water-related projects 
on the upper Potomac River which provides the city’s major source of water. 


However, the timing was off in the sense that this comprehensive proposal was 
advanced at  the tai1,end of the nationwide dam-building era of the postdepression 
years. Delays resulted during which the pendulum of public sentiment swung so 
far in the other direction that not only was the comprehensive plan abandoned, but 
the opponents were successful in blocking approval for even a scaled-down ver- 
sion. 


Since the oil embargo of the winter of 1973-74, the entire country has been going 
through alternate periods of “feast or famine” with respect to energy use and con- 
servation as well as legislative proposals and tax incentives to modify or affect use 
of our energy resources. 


Approximately 15 years ago, the Washington suburbs were in the midst of a 
tremendous building boom which threatened to pave over the entire metropolitan 
area with real estate and other development. Conservationists successfully brought 
an abrupt halt to this activity about 7 to 8 years ago through the implementation 
of various sewer and water-line restrictions as well as other zoning controls which 
virtually put a complete brake on development in the local area. The supply of new 
housing then did not keep pace with demand and the prices for comparable property 
more than tripled during this period. 


The common element in all of the examples cited above-as well as others which 
could be mentioned-is that Americans have a characteristic tendency to go over- 
board in one direction or the other in various programs, policies, projects, and ac- 
tivities. The result is a type of “overkill” which, while rectifying the original concern, 
frequently creates a greater problem in its place. 


We see a similar tendency in our approach to education. On taking office during 
the Annual Meeting in New York City in late May, Academy of Pharmaceutical 
Sciences President George Zografi laid out some of his concerns about the future 
of pharmaceutical research and the training and education of future pharmacy 
students. 


President Zografi traced the recent history of pharmacy education in the United 
States and the marked improvement in the quality of scientific knowledge developed 
and taught in pharmacy following World War 11. He went on to say: 


“This led to a marked increase in graduate education and, in turn, to an 
influx of many well-educated pharmacists into scientific research and 
development. At the same time, we were producing well-educated phar- 
macists who became practitioners, but we were deficient in not providing 
the type of professional education and training which allowed large num- 
bers of these individuals to utilize their education in their practice to the 
fullest extent. More recently, the directions pharmacy practice must take 
have become clearer and the schools of pharmacy have responded uith 
greater emphasis on such areas as therapeutics, biopharmaceutics, and 
clinical education.” 


“However, I now detect a general climate which is tending to downgrade 
the importance of basic science knowledge for professional practitioners- 
knowledge which must serve os a basis for the uncertainties of our future 
professional practice. It often appears that all of pharmacy’s problems 
are being blamed on our so-called over-emphasis of the basic scientific 
portion of our educational program.” 


But Dr. Zografi went on to caution his listeners: 


There is a good deal of merit in Dr. Zografi’s concern. Pharmacy education, as 
in the case of the subjects discussed in the opening paragraphs of this column, has 
been subject to sharp swings in attitude depending upon what may be of current 
primary interest and concern. In our efforts to remedy past omissions and defi- 
ciencies, it would be indeed regrettable if the basics are neglected or fall from 
favor. 


We need only look at  our national experience at the grade school level of educa- 
tion. As our educators eagerly embraced the so-called modern methods, they were 
quick to discard and even reject the basic elements. The result has led to a hue and 
cry among high school and college educators with respect to the students who are 
now reaching those levels. Repeatedly, we hear complaints that “Johnny can’t read” 
and “Mary can’t add.” 


It appears to us that if pharmacy education in its effort to meet the need for 
therapeutics, biopharmaceutics, and clinical education displaces the basic sci- 
ences-rather than supplements them-we run the risk that a parallel situation 
will develop with respect to our pharmacy graduates. In conclusion, both of these 
elements are necessary for competent practitioners, and they must be kept in proper 
proportion by those responsible for pharmacy education. -EGF 
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Dosage Form Index: An Objective Criterion for 
Evaluation of Controlled-Release Drug Delivery Systems 


F. THEEUWESX and W. BAYNE 


Abstract A dimensionless parameter, the dosage form index (DIr), 
is proposed for evaluating the performance of drug delivery systems. The 
index is defined as the ratio of the maximum to minimum concentrations 
of the drug in plasma within each interdose interval (in hours), T, during 
repetitive administration of the dosage form in the quasisteady state. 
Dosage form indexes can be averaged among subjects or within subjects 
at  successive time periods to arrive at  a mean value. As an example, two 
GI therapeutic systems-the 15- and 2O-mg/hr acetazolamide systems 
that deliver drug at  constant rates for 6 and 12 hr and contain 125 and 
250 mg, respectively-were compared in normal subjects with a com- 
mercial sustained-release product containing 500 mg of acetazolamide. 
The dosage form index, DI24, was 4.9 for the sustained-release dosage 
form and 3.2 for the 20-mg/hr system; DIlz was 1.6 for the 15-mg/hr 
system. 


Keyphrases Drug delivery systems-sustained-release product and 
15- and 20-mg/hr GI acetazolamide systems compared in humans, dosage 
form index suggested as evaluating parameter 0 Dosage form index- 
suggested as evaluating parameter for drug delivery systems, sus- 
tained-release product and 15- and 20-mg/hr GI acetazolamide systems 
compared in humans Acetazolamide-sustained-release product and 
15- and 20-mg/hr GI drug delivery systems compared in humans, dosage 
form index suggested as evaluating parameter Carbonic anhydrase 
inhibitors-acetazolamide, sustained-release product and 15- and 20- 
mg/hr GI drug delivery systems compared, humans 


Optimum therapy with repetitive administration of 
conventional dosage forms (e.g. ,  injectables, liquids, or 
tablets) can classically be pursued by dosage scheduling. 
The aim of this process is to maintain drug concentrations 
in a therapeutic range, above the minimum effective con- 
centration and below the toxic concentration. 


The time course of systemic drug concentrations fol- 
lowing repetitive dosing of intravenous injections and 
tablets, based on different absorption and elimination rate 
constants, was described mathematically using one-com- 
partment and multicompartment pharmacokinetic models 
( 1-3). 


BACKGROUND 


To discuss optimum drug dosing, the therapeutic index (TI) should 


(Eq. 1) 


where C;,, and C;in are the maximum and minimum desired plasma 
concentrations, respectively, and must be defined further for each specific 
drug in relation to pharmacological responses. 


Dosage scheduling should be carried out at  a frequency such that the 
ratio of maximum to minimum plasma concentrations is less than TI  and 
at  a dose of sufficient magnitude to yield effective levels. 


For a linear, one-compartment system with repetitive intravenous 
injections a t  pseudo-steady state, the ratio of maximum to minimum 
plasma concentrations is given by: 


be defined in terms of plasma concentrations (4) rather than dose (5): 


CHax TI  = 7 
Cm1, 


ekr  (Es. 2) c m a x  - 
Cmin 
-- 


where k is the drug elimination rate constant, and T is the dosing interval. 
The Cmar/Cmin ratio has been called (1) Qextr the ratio of asymptotic ex- 
treme concentrations within a dosing interval of the multiple-dose curve. 
When the therapeutic index (TI) is known, the proper dosage interval 
must then be dictated by: 


ek i  5 TI  (Eq. 3) 


or: 
In TI  


7 5 t 1 / 2  - 
In 2 


For TI  = 2, the dosing interval should maximally be equal to the bio- 
logical half-life of the drug. For drugs with a half-life of less than 12 hr 
and a low therapeutic index, proper dosage schedules are inconveniently 
frequent. To alleviate these problems, therapeutic systems were devel- 
oped (6-8). 


Therapeutic systems are a class of dosage forms designed to improve 
drug therapy through controlled administration of drug substances, in 
time and space, to elicit the optimum sum total of pharmacological re- 
sponse. They are specified not by content, size, or shape but by function: 
the rate at  which they deliver drug in uiuo and the duration for which they 
do so. 
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The GI therapeutic system is a new oral dosage form designed to con- 
trol plasma drug concentrations for one area of application. The system's 
delivery rate profile provides one extra degree of freedom in addition to 
scheduling to arrive at  optimum therapy. The selection of the system's 
delivery rate characteristic allows the interval 7 to be a convenient time 
period that is much less dependent on t1.12 and TI, as was the case clas- 
sically. 


GI therapeutic systems are constructed according to elementary os- 
motic pump technology (9). This osmotic system was developed as an oral 
dosage form because of its desirable delivery rate characteristics (9). The 
rate is predictable, essentially constant during most of the drug release 
process, independent of pH and GI motility, and adjustable so that it can 
be of sufficient magnitude to be of interest as an oral dosage form. 


The dosing interval for the GI therapeutic system must also permit 
the resulting ratio of the maximum to minimum plasma drug concen- 
trations to be smaller or equal to TI. This ratio a t  pseudo-steady state 
on repetitive dosing of the system is different from Qext as defined for 
conventional dosage forms (1) and is now a function of the dosage form 
characteristics. Therefore, it is defined as the dosage form index, DI,. The 
dosage form index is a function of the intrinsic pharmacokinetic prop- 
erties of the drug (e.g., absorption, distribution, and elimination), the 
dosing interval, T ,  and the dosage form delivery rate. At equal dosing 
intervals, two dosage forms can he compared. The system with the lowest 
DI may be superior therapeutically. The dosage form index can be used 
also as a criterion to select the optimum dosage form and dosing inter- 
val. 


In a previous study of acetazolamide in humans (4). the therapeutic 
index, defined in terms of plasma concentrations, was given as: 


120 pM - 
TI  = - - 2.7 (Eq. 5) 45 p M  


At a plasma acetazolamide concentration of 120 pM, noticeable impair- 
ment of carbon dioxide transport by the red cells is expected since 96% 
of their carbonic anhydrase activity is inhibited. However, 45 pM or 10 
pglml was an adequate concentration for lowering intraocular pressure. 
In the same work (4), plasma concentration profiles were calculated as 
described by Dost (2) for a regimen of 250-mg acetazolamide tablets four 
times a day. This regimen was considered to produce an adequate ther- 
apeutic effect, and the dosage form index was 2.7, i.e., equal to the ther- 
apeutic index. 


More severe side effects may occur on administration of conventional 
acetazolamide tablets at twice the daily dose than with a sustained-release 
form of the drug' (10). The discontinuation rate was 47% on dosing 
250-mg tablets four times a day uersus 11% on dosing the sustained-re- 
lease form (500 mg) once a day, while the efficacies were comparable. 


Since the 500-mg sustained-release dosage form, once a day regimen 
was believed to be the optimum treatment, it  was compared with two 
types of acetazolamide GI therapeutic systems on the basis of the dosage 
form index, plasma concentrations, and urinary excretion in normal 
human volunteers. 


Plasma samples were analyzed according to a recently published 
high-speed liquid chromatographic method (11). 


A specific liquid chromatographic method was developed for urine. 
To 1 ml of urine was added 200 ji1 of a stock solution (0.16 mg/ml) of 
sulfadiazine2 in 0.1 M phosphate buffer (pH 7), followed by 1 ml of 2.0 
M acetate buffer (pH 4.5). The aqueous solution was extracted twice with 
10 ml of ether-methylene chloride-isopropyl alcohol (642)  (12). The 
combined organic extract was then extracted with 2 ml of 1 M carbonate 
buffer (pH 11). 


The organic phase was discarded, and 700 p1 of acetic acid was added 
to the aqueous phase. The aqueous phase was extracted with 10 ml of the 
mixture of organic solvents described. The aqueous phase was discarded, 
and the organic phase was then evaporated to dryness in a nitrogen 
stream at 40'. The residue was reconstituted in 200 pl of 0.01 N 
NaOH. 


The reconstituted extract was injected onto a high-pressure liquid 
chromatograph; the chromatographic column contained an octa- 
decylsilane monolayer bonded to a microparticulate silica support3, with 
2% dimethylformamide in 0.05 M phosphate buffer (pH 6.2) as the mobile 
phase. The flow rate was maintained at  2 ml/min with a constant-flow 
reciprocating pump4. Acetazolamide and sulfadiazine were detected in 
the eluant using a high-pressure mercury source5 at 254 nm. The retention 
times for sulfadiazine and acetazolamide were 10.5 and 13.5 min, re- 
spectively. 


Standard curves were constructed with varying amounts of aceta- 
zolamide (142.5 jig) and a constant amount of sulfadiazine (32.5 pg) per 
milliliter of urine. To determine acetazolamide concentrations in urine, 
a known amount of sulfadiazine was added, and the measured response 
ratios were obtained and converted to concentrations based on the 
standard curve. Chromatograms from blank samples (before acetazola- 
mide administration) showed no interfering peaks with the retention 
times of acetazolamide or the internal standard. The absolute extraction 
efficiency of the method was approximately 80% for both acetazolamide 
and sulfadiazine. 


RESULTS 


Plasma Concentrations of Acetazolamide-The average plasma 
concentrations obtained from eight human subjects following aceta- 
zolamide administration uia the sustained-release dosage form and 12-hr 
system once a day are shown in Fig. 1. Also shown are the average plasma 
concentrations for five subjects following administration of a 6-hr system 
twice a day. A continuing increase in plasma concentrations on admin- 
istering the 6-hr system on Day 1 was due to the twice a day adminis- 
tration schedule. No 6-hr system was administered on the second half 
of Day 10. The data in Fig. 1 show that the dosage form and regimen 
combination of the 6-hr system twice a day resulted in the least variable 
plasma concentration profiles a t  quasisteady state. 


12t  Ill 1 I 
EXPERIMENTAL 


The dosage forms investigated were a sustained-release dosage form 
containing 500 mg of acetazolamide, delivering the drug in quasiexpo- 
nential declining fashion by in uitro tests, and 15- and 20-mghr aceta- 
zolamide GI therapeutic systems (9), delivering 70% of their total content 
at zero order by in uitro tests. The two GI systems contained a total of 
125 and 250 mg of acetazolamide and delivered their contents over 6 and 
12 hr, respectively. 


The 6-hr system was administered twice a day. The 12-hr system and 
the sustained-release dosage form were given once a day, and both were 
studied in eight volunteers in a crossover study. Five of the eight volun- 
teers also received the 6-hr system. Each dosage form was administered 
for up to 10 days to allow blood sampling during successive periods at 
steady state. Steady state was verified by sampling blood at frequent 
intervals during Days 1,3, and 10. 


The standard deviation is defined by: 


where fi; is the arithmetic mean of the series of n observations Xi .  


Diamox Sequel, Lederle Laboratories, Division of American Cyanamid Co., 
Pearl River, NY 10965. 


0 8 16 2448 56 64 72216224 232 240 
HOURS AFTER FIRST ADMINISTRATION 


Figure 1-Average plasma acetazolamide concentrations (rt SD) in 
normal human subjects following administration of the sustained-re- 
lease dosage form dosed once a day at 4 ,  n = 8 (m); the 6-hr system 
dosed twice daily at 1, offset 0.2 hr, n = 5 (a); and the 12-hr system 
dosed once a day at 4, n = 8 (A). 


K & K Laboratories, Plainview, N.Y. 
pBondapak CIS, Waters Associates, Milford, Mass. 
Model 6000, Waters Associates, Milford, Mass. 
Varian Instruments Division, Palo Alto, Calif. 
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Figure 2-Normalized plasma acetazolamide concentrations in normal 
human subjects following administration of three dosage forms. Key: 
a, Subject 287; b, Subject 337; c, Subject 263; d, Subject 297; and e, 
Subject 386. See Fig. 1 for definition of symbols. 
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Dosage Form Indexes-Dosage form indexes were calculated for the 
sustained-release dosage form and the 12-hr system as the ratios of the 
maximum to minimum plasma concentrations encountered in a 24-hr 
dosing period during Days 3 and 10. For the 6-hr system, the index is the 
ratio of maximum to minimum plasma concentrations encountered in 
the 12-hr steady-state interval on Days 3 and 10, averaged over all 


For each of the five subjects receiving each of the three dosage forms, 
the plasma concentrations were normalized to the daily dose (Fig. 2). 
Through normalization, plasma concentrations were calculated that 
would be obtained if 1 g of daily dose were administered from each of the 
dosage forms to the subjects, behaving as linear systems. The data were 
calculated by multiplying the actual plasma concentrations obtained 
following administration of the sustained-release dosage form once a day 
by two and by multiplying the plasma concentrations following admin- 
istration of a 6-hr system twice a day and a 12-hr system once a day by 
four. 


The average normalized plasma concentrations are shown in Fig. 3. 
The areas under the normalized plasma concentration-time curves 
(AUC) at steady state for each dosage form were calculated and averaged 
over all subjects for Days 3 and 10 (Fig. 4). The lack of significant dif- 
ference in normalized areas under the plasma concentration-time curves 
indicates that the drug was absorbed from each dosage form to the same 
extent. This conclusion was supported by the urinary excretion data. 


Urinary Excretion of Acetazolamide-Following administration 
of each dosage form, the urinary excretion of acetazolamide over 24 hr 
was determined for each subject. The 24-hr urinary recovery was averaged 
over all subjects for each dosage form as a percent of the daily dose and 
plotted as a function of time (Fig. 5). 


The percent of the total dose administered over 10 days during each 
treatment recovered in the urine was averaged for all subjects and plotted 
in Fig. 6. On the average, 63% of the drug was excreted with each dosage 
form. 


m 221- /I 


HOURS AFTER FIRST DOSE 


Figure 3-Averaged normalized plasma acetazolamide concentrations 
in normal human subjects following administration of three dosage 
forms. Key: see Fig. 1. 
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(q.d.1 


6-hr 
SYSTEM 


(b.i.d.1 
(q.d.1 


Figure 4-Area under the  normalized plasma concentration-time 
curves (*SD) averaged for all subjects on Days 3 and 10 (n = 10 for 6-hr 
system, n = 15 for 12-hr system, and n = 14 for sustained release). 


subjects. Since only one cycle of detailed plasma data was taken per day 
and per dosage form for all three dosage forms, one measure of the dosage 
form index was obtained per dosage form and per day. The averages of 
the dosage form indexes over all days and subjects are plotted in Fig. 7. 
The standard deviation indicates the variation from the mean over all 
subjects on Days 3 and 10. 


The therapeutic value of a dosage form and schedule is expected to be 
greater when the dosage form index is small compared to the therapeutic 
index. By definition of the therapeutic index (Eq. l), side effects are more 
likely to occur when DI, is large compared to TI, provided the minimum 
concentration, Cmin, observed during treatment is larger or equal to Ckin, 
the minimum effective concentration. The ratio: 


(Eq. 7) 


can be defined as the side-effects index (SI), indicating the absence of 
side effects for SI < 1 and an increasing number and/or severity of side 
effects for SI > 1. 


The dosage form indexes demonstrate that, relative to the sustained- 
release dosage form administered once daily, a decrease in the side-effects 
index was obtained by a factor of 1.5 for the 12-hr system dosed once a 
day and by 3.2 for the 6-hr system dosed twice a day. Figure 7 shows that 
an improvement was obtained by selecting the 12-hr system over the 
sustained-release dosage form. A further improvement was obtained by 
administering the 6-hr system twice a day. I t  is clear that the dosage form 
index decreases with more frequent dosing. 


DAY 


Figure 5-Average fraction of 24-hr dose of acetazolamide excreted in 
the urine. 
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h d . )  
Figure 6-Average percent of total acetazolamide dose (kSD), ad- 
ministered during 10 days, excreted in the urine. 


CONCLUSIONS 


1. The average normalized areas under the plasma concentration-time 
curves are the same for the three dosage forms, about 300 (pg hr/ml)/g 
of daily dose. 


2. The lack of significant difference in the normalized AUC's indicates 
that all three dosage forms have essentially the same bioavailability. 


3. The variability of the plasma acetazolamide concentration at  the 
steady state is expressed as the dosage form index, DI,, during the dosing 
interval, 7, expressed in hours. The values of DI,, averaged within and 
among subjects, are: DI2.4 = 4.9 for the sustained-release dosage form, DI24 
= 3.2 for the 12-hr system, and DI12 = 1.6 for the 6-hr system. 


The 6-hr system twice a day is the only regimen with a dosage form 
index below 2.7, the therapeutic index for acetazolamide [Eq. 5 (4)]. This 
system is, therefore, expected to have a high efficacy and reduce side 
effects. 


i 


(b. i .d. 1 
(q.d.) 


Figure 'I-Average of the maximum to minimum plasma acetazolamide 
concentration ratio on  Days 3 and I0 (+SD). 
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Oxidation Kinetics of Phenothiazine and 
10-Methylphenothiazine in Acidic Medium 


H. ROSEBOOM and J. H. PERRIN * 


Abstract The rate of phenothiazine degradation in an acidic oxy- 
gen-saturated medium was studied. 3H-Phenothiazine-3-one and phe- 
nothiazine 5-oxide are produced by parallel reactions, and 7-( 10’-phe- 
nothiazinyl)-3H-phenothiazine-3-one is produced in a more complex 
manner. The overall phenothiazine degradation rate appears to be pH 
independent up to pH 7.0. The degradation kinetics of 10-methylphe- 
nothiazine were studied after isolation and identification of its degra- 
dation products, 10-methylphenothiazine 5-oxide and 3H-phenothi- 
azine-3-one. The main degradation product is 10-methylphenothiazine 
5-oxide; but a t  low pH values and high temperatures, more 3H-pheno- 
thiazine-3-one is formed. The degradation rate of lo-methylphenothia- 
zine is pH independent up to pH 7. 


Keyphrases Phenothiazine and 10-methyl derivative-oxidative 
degradation in acidic oxygen-saturated medium, effect of pH 0 Oxida- 
tion-degradation kinetics of phenothiazine and 10-methyl derivative 
in acidic oxygen-saturated medium, effect of pH 0 Degradation kinet- 
ics-phenothiazine and 10-methyl derivative, oxidation in acidic oxy- 
gen-saturated medium, effect of pH 


The oxidative degradation of phenothiazine has been 
the subject of many investigations (1-7), but little is known 
about the kinetics of this reaction. Previously, the isolation 


H 
I 


I 
H 


of some degradation products and their identification by 
TLC, melting point, and IR, UV, and mass spectral data 
were described (8). 7-(lO’-Phenothiazinyl)-3H-pheno- 
thiazine-3-one was reported as a degradation product for 
the first time, and its structure has now been confirmed 
by NMR spectroscopy. The present paper reports the ki- 
netics of the disappearance of phenothiazine (I) and the 
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Scheme I 
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Determination of Diphenoxylate Hydrochloride and 
Atropine Sulfate in Solutions and Tablets 


RAY L. BALLBACH, DANIEL J. BROWN, and STEPHEN M. WALTERS" 


Abstract Methods for the determination of diphenoxylate hydro- 
chloride and atropine sulfate combinations in solutions and powdered 
tablet composites are presented. A semiautomated assay for diphenox- 
ylate hydrochloride in individual tablets (content uniformity) also is 
presented. The USP XIX assays for these products are cumbersome and, 
in the case of solutions, inaccurate due to spectral interferences; the 
proposed methods offer substantial improvements in sensitivity, speci- 
ficity, and speed. Results obtained by the USP and proposed methods 
are compared for several lots of commercial products. The accuracy and 
precision of the proposed methods are shown by standard recovery 
studies. 


Keyphrases [7 Diphenoxylate hydrochloride-spectrophotometric 
analysis in solutions and tablets containing atropine sulfate 0 Atropine 
sulfate-GLC analysis in solutions and tablets containing diphenoxylate 
hydrochloride u Spectrophotometry-analysis, diphenoxylate hydro- 
chloride in solutions and tablets containing atropine sulfate 0 GLC- 
analysis, atropine sulfate in solutions and tablets containing diphenox- 
ylate hydrochloride Antiperistaltic agents-diphenoxylate hydro- 
chloride, spectrophotometric analysis in solutions and tablets containing 
atropine sulfate Anticholinergic agents-atropine sulfate, GLC analysis 
in solutions and tablets containing diphenoxylate hydrochloride 


The official USP assays (1) for diphenoxylate hydro- 
chloride and atropine sulfate combinations in tablets and 
solutions have several disadvantages. The titrimetric assay 
for diphenoxylate hydrochloride requires the extraction 
of a large sample portion, which presents troublesome 
emulsion problems. The colorimetric assay for atropine 
sulfate in solution gave inaccurately high results when 
applied to commercial products because of appreciable 
background interference. The procedures are also time 
consuming since separate sample portions must be weighed 
or measured and extracted for each component. 


The USP assay for diphenoxylate hydrochloride is an 
application of the commonly used nitrogenous organic base 
determination by nonaqueous titration with perchloric 
acid. Alternative analytical methods for this drug have not 
been found in literature reviews. 


The p -dimethylaminobenzaldehyde reaction in the USP 
colorimetric assay for atropine sulfate also was used for the 
determination of tropic acid (2) and other tropane alka- 
loids (3). Various other reagents were reported for the 
colorimetric determination of atropine and related alka- 
loids (4-7). IR (8) and fluorometric (9) methods also were 
developed. 


The USP methods for atropine sulfate in single-ingre- 
dient dosage forms (10) are a result of the collaborative 
study of a GLC method (11). Since this approach offered 
the sensitivity and specificity desired, its adaptation to the 
assay of atropine sulfate in diphenoxylate hydrochlo- 
ride-atropine sulfate combination dosage forms was in- 
vestigated and found suitable. 


A UV spectrophotometric determination is used in the 
USP content uniformity analysis for diphenoxylate hy- 
drochloride in tablets. When combined with a preliminary 
column chromatographic separation, this procedure was 
suitable for the assay of diphenoxylate hydrochloride in 
composited diphenoxylate hydrochloride-atropine sulfate 


tablets. However, UV spectrophotometry was unsuitable 
for the assay of diphenoxylate hydrochloride in commercial 
solutions. The relatively low absorptivity of the drug ne- 
cessitated the extraction of a volume of solution too large 
for practical column chromatography. Separator extraction 
resulted in the coextraction of UV-absorbing interfer- 
ences. 


Sensitive methods for tertiary amines based on dye 
complex formation with various sulfonphthalein dyes were 
reported (12-15). This approach was subsequently inves- 
tigated for the determination of diphenoxylate hydro- 
chloride in commercial solutions. Bromphenol blue was 
investigated and provided good sensitivity. Reagent blanks 
showed baseline absorbance relative to the dye complex 
extraction solvent. This dye also was suitable for use in a 
semiautomated system for the content uniformity analysis 
of diphenoxylate hydrochloride in tablets. 


EXPERIMENTAL 


Bromphenol Blue Dye Solution-Dissolve 400 mg of bromphenol 
blue in 20.0 ml of 0.1 N NaOH in a 1-liter volumetric flask. Add 800 ml 
of water and 10.0 g of potassium acid phthalate. Mix to dissolve. Add 125 
mi of 0.1 N HCI, dilute to volume with water, and mix. Prepare fresh 
daily. 


Diphenoxylate Hydrochloride Standard Solution-Dissolve about 
50 mg of USP diphenoxylate hydrochloride reference standard, accu- 
rately weighed, in chloroform contained in a 100-ml volumetric flask. 
Dilute to volume with chloroform and mix. 


Atropine Sulfate Standard Solution-Dissolve about 15 mg of USP 
atropine sulfate reference standard, accurately weighed, in 0.05 N HCI 
contained in a 100-mi volumetric flask. Dilute to volume with 0.05 N HCl 
and mix. 


Hornatropine Hydrobromide GLC Internal  Standard Solution- 
Dissolve about 20 mg of USP homatropine hydrobromide reference 
standard, accurately weighed, in 0.05 N HCI contained in a 100-ml vol- 
umetric flask. Dilute to volume with 0.05 N HCl and mix. 


Solutions-Determination of Diphenorylate Hydrochloride- 
Transfer an accurately measured volume of solution, equivalent to about 
25 mg of diphenoxylate hydrochloride, to a 250-ml separator. Add suf- 
ficient water to give a total volume of 100 ml; then add exactly 1.0 ml of 
homatropine hydrobromide standard solution and 5 ml of 1 iV HCI. Ex- 
tract with seven 30-ml portions of chloroform. After each extraction, 
transfer the chloroform layer to a second separator containing 10 ml of 
water and reextract. 


Use the same separator and 10 ml of water for each reextraction. 
Transfer the reextracted chloroform solutions to a 250-ml volumetric 
flask and dilute to volume with chloroform. Combine the aqueous wash 
with the original sample solution and save it for the atropine determi- 
nation. 


Transfer 10.0 ml of the chloroform extract, 2.0 ml of diphenoxylate 
hydrochloride standard solution plus 8 ml of chloroform, and 10 ml of 
chloroform (to serve as a blank) to three separate 125-ml separators. Add 
30.0 ml of dye solution to each separator and shake vigorously for 1 min. 
Let the solutions stand for 5 min and then transfer the chloroform layers 
to separate 100-ml volumetric flasks. Reextract the aqueous layers with 
10-ml portions of chloroform, adding the extracts to the respective vol- 
umetric flasks. Continue extractions until no yellow color is apparent in 
chloroform and then extract with one additional 10-ml portion of chlo- 
roform. 


Dilute combined extracts in separate flasks to volume with chloroform. 
Concomitantly determine the absorbances of the solutions in 1-cm cells, 
a t  the wavelength of maximum absorbance a t  about 410 nm, with a 
suitable spectrophotometer, using chloroform as the blank. Calculate 
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Table I-Comparison of Results Obtained by USP and  Proposed 
Assay Procedures for Commercial Solutions Labeled to  Contain 
2.5 mg of Diphenoxylate Hydrochloride (I) and  25 pg of Atropine 
Sulfate (IJ)/5 ml 


Sample Percent of Label Declaration 
(Lot) Component USP Proposed 


1 I 99.2 - 


2 I 100.4 
I1 126 102.8 


- 
4 o m 0  


rive soiucion l lh -1101-01  1 .19  T 


P O l V  0 


,4 < ,,O 0.53 A 1 
0 


I 97.4 97.2,97.9,97.9 
(ave. = 97.7) 


I1 - 101.2,99.6 
(ave. = 99.9) 


the milligrams of diphenoxylate hydrochloride in the volume of solution 
taken as follows: milligrams = 50C(A,/A,), where C is the concentration, 
in milligrams per milliliter, of the diphenoxylate hydrochloride standard 
solution; and A, and A, are the absorbances of the final sample and 
standard solutions, respectively, both being corrected for the reagent 
blank absorbance. 


Determination of Atropine Sulfate-Make the aqueous solution saved 
from the diphenoxylate determination alkaline with 6 N NH40H. Extract 
with six 10-ml portions of chloroform, filtering each extract through a 
single 5-g portion of anhydrous sodium sulfate supported by a small 
pledget of glass wool in a funnel. Evaporate the solution to about 0.3 ml 
using a suitable evaporation device1. (If evaporated from an open con- 
tainer using positive pressure, a current of dry nitrogen is recommended 
to aid the evaporation.) 


Pipet 1-, 2-, and 3-ml aliquots of atropine sulfate standard solution into 
three separate 250-ml separators. Add 100 ml of water and exactly 1.0 
ml of homatropine hydrobromide standard solution to each separator, 
make alkaline with 6 N NHdOH, and proceed as directed for the sample 
assay preparation beginning with: "Extract with six 10-ml portions of 
chloroform . . . ." Inject the solutions into a GLC system2 as described 
in the USP XIX monograph for atropine sulfate injection and plot a 
standard curve as specified in the monograph. Read from the standard 
curve the quantity of atropine sulfate in the volume of solution taken. 


Tablets-Determination of Diphenorylate Hydrochloride-Insert 
a small pledget of glass wool above the stem constriction of a 20 X 2.5-cm 
chromatographic tube and uniformly pack with a mixture of about 2 g 
of chromatographic siliceous earth3 and 1 ml of 0.05 N HCI. To an ac- 
curately weighed quantity of finely ground powdered tablets, equivalent 
to about 30 mg of diphenoxylate hydrochloride, add 0.5 ml of dimethyl 
sulfoxide and mix to a uniform paste. Add about 3 g of chromatographic 
siliceous earth, exactly 1.0 ml of homatropine hydrobromide standard 
solution, and 1 ml of 0.05 N HCI. Mix and add to the column. 


Scrub the sample container with about 1 g of chromatographic siliceous 
earth and add the latter to the column. Place a pledget of glass wool on 
top and uniformly pack the sample mixture onto the column. Elute the 
diphenoxylate hydrochloride with 200 ml of water-saturated chloroform, 
added in several portions, into a 200-ml volumetric flask4. Then dilute 
to volume with chloroform. Pipet 50 ml of this solution and 15 ml of di- 
phenoxylate hydrochloride standard solution into separate glass-stop- 
pered erlenmeyer flasks and evaporate the solutions to dryness on a steam 
bath. 


Dissolve each residue in 15 ml of a 1:lOO solution of hydrochloric acid 
in methanol and concomitantly determine the absorbances of the solu- 
tions in 1-cm cells at  the wavelength of maximum absorbance (about 257 
nm) and a t  280 nm (background absorbance) with a suitable spectro- 
photometer5, using a 1:lOO solution of hydrochloric acid in methanol as 
the blank. Calculate the milligrams of diphenoxylate hydrochloride in 
the quantity of tablets taken as follows: milligrams = 60C[AU(257) - 
A,(280)/AS(257) - A,(280)], where C is the concentration, in milligrams 
per milliliter, of the diphenoxylate hydrochloride standard solution; and 
A,(257), A,(280), A,(257), and A,(280) are the absorbances of the final 


Kuderna Danish evaporative concentrator, catalog No. K-570000 (125-ml size), 
with graduated concentrator tube, catalog No. K-570050 (1-ml capacity), Kontes 
Glass Co., Vineland, NJ 08360. 


Perkin-Elmer model 3920. 
See USP XIX, p. 750. 
At this oint, it is preferable to proceed with the elution of atropine from the 


Cary model 118. 
column as Bescribed under Determination of Atropine Sulfate. 


" Chloroform 
n 1 . 1 9 A  


Technicon AutoAnalyser system with samplrr 11 and proportioning pump I. ' Brckman DB-GI' specrrophotorneter equipped with a 1 .c.m ilowcell. 
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Figure 1-Floui diagram for automated colorimetric determination of 
diphenoxylate hydrochloride in  tablets. Both CI fittings are silanized 
and oriented as shown. 


sample ( A , )  and standard (A , )  solutions at 257 and 280 nm, respec- 
tively. 


Determination of Atropine Sulfate--Insert a small pledget of glass 
wool above the stem constriction of a 20 X 2.5-cm chromatographic tube 
and place 10 g of anhydrous sodium sulfate in the tube. Place the tube 
under the column prepared for the determination of diphenoxylate hy- 
drochloride tablets. Then elute atropine from the column and through 
the sodium sulfate with 50 ml of ammonia-saturated chloroform (pre- 
pared by mixing 4 volumes of chloroform with 1 volume of ammonium 
hydroxide in a separator), followed by 50 ml of water-saturated chloro- 
form. Evaporate the combined eluates using a suitable evaporation device 
and proceed with the GLC determination as directed in the Determi- 
nation o f  Atropine Sulfate under Solutions. Read from the standard 
curve the amount of atropine sulfate in the quantity of tablets taken. 


Tablet Content Uniformity: Semiautomated Determination of 
Diphenoxylate Hydrochloride in Single Tablets-To each tablet and 
2.50 mg of USP diphenoxylate hydrochloride reference standard con- 
tained in glass-stoppered erlenmeyer flasks, add 0.5 ml of water and 
disperse by placing the flasks in an ultrasonic bath. Then add 50.0 ml of 
chloroform and shake vigorously to dissolve the drug. Add 5 g of anhy- 
drous sodium sulfate granules and shake. Allow the solutions to stand 
until the chloroform is clear, decant about 3 ml of each solution into 4-ml 
polyethylene sample cups, and overlay each with 10 drops of water to 
prevent evaporation. 


The automated system6 is assembled as shown in Fig. 1. The tablet and 
standard solutions are sampled a t  a rate of 20 cupskr  with a sample- 
to-wash ratio of 21.  A sampling pattern of two standards, five samples, 
one standard . . . five samples, one standard is used. The first standard 
peak is ignored in the calculations. 


The sample stream is diluted with chloroform and washed with water. 
The chloroform layer is resampled and mixed with the aqueous brom- 
phenol blue dye solution. The chloroform layer, containing the di- 
phenoxylate-dye ‘complex, is pumped through a flowcell where the in- 
tensity of the color is measured a t  412 nm7. The tablet content is calcu- 
lated from the absorbance values. 


Identification Tests-IR identification of diphenoxylate hydro- 
chloride in solutions and tablets was done as follows. A portion of the 
chloroform extract prepared for the assay, equivalent to about 2.5 mg of 
diphenoxylate hydrochloride, was evaporated to dryness. The residue 
was crystallized by adding several drops of hydrochloric acid-saturated 
ether and again evaporated to dryness. A potassium bromide disk was 
prepared from a mixture of the crystalline residue with 200 mg of po- 
tassium bromide, and the IR spectrum was then compared with a refer- 
ence standard prepared similarly. This technique was preferred to the 
USP XIX identification test since less drug was required, which elimi- 
nated the need for additional sample extraction, and the spectra obtained 
were of better quality. 


Technicon AutoAnalyser system with sampler 11 and proportioning pump I. ’ Brckman D B - W  specrrophotorneter equipped with a 1 .c.m ilowcell. 







Table 11-Comparison of Results Obtained by USP and Proposed Manual and Semiautomated Procedures for Composites of 
Commercial Tablets Labeled to Contain 2.5 mg of Diphenoxylate Hydrochloride (I) and 25 fig of Atropine Sulfate (II)/Tablet 


Percent of Label Declaration 
Proposed Proposed 


Sample (Lot) Component USP Manual Semiautomated 
I1 I 


I 
I1 


100.8 
- 


- 
96.0.99.2 


98.8 
110.8,109.6 


100.0 
103.2.102.8 


(ave. = 110.2) 


101.3 
- 


100.0 
- 


(ave. = 97.6) (ave. = 103.0) 
3 I 92.0 96.8 99.9 


4 I - 100.4 99.1, 100.9,102.4 
(ave. = 100.8) 


I1 - 100.8 - 


I1 107.2 116.0,116.4 - 


5 I 99.2 94.8 95.7 
I1 109.2 105.6 - 


- 106.4,103.2 - 
6 I 


I1 
(ave. = 104.8) 


(ave. = 116.2) 


101.2 99.6 101.5 


Atropine was identified in the samples by comparison of the GLC re- 
tention time with that of the standard. 


RESULTS AND DISCUSSION 


Solution Assay Results-A comparison of results obtained using the 
USP and proposed assay procedures for several lots of commercial di- 
phenoxylate hydrochloride and atropine sulfate solutions is shown in 
Table I. Due to obvious background interference in the spectra of the 
sample solutions, the USP results for atropine sulfate were considerably 
higher than the proposed procedure results. Samples 1 and 2 exceeded 
the USP upper potency limit on the basis of the USP assays. 


The results for diphenoxylate hydrochloride in solutions show close 
agreement between the two procedures. However, the sensitivity of the 
proposed procedure required 1 mg of the drug for the determinative step 
as compared with the 100 mg required for the USP determination. 


Repetitive assay results obtained for Samples 3 and 4 suggest that good 
precision can be expected with the proposed procedure. 


Tablet Assay Results-A comparison of the results obtained for 
several lots of commercial tablets using the USP and proposed manual 
and semiautomated assays is shown in Table 11. (Semiautomated assays 
were done on portions of powdered composites equivalent to single tab- 
lets.) The results of the proposed manual and semiautomated assays for 
diphenoxylate hydrochloride were in close agreement. The USP results 
for both diphenoxylate hydrochloride and atropine sulfate differed in 
some cases, primarily because of an apparent loss of the drugs as a result 
of emulsion problems. The lack of sensitivity of the USP titrimetric 
method for diphenoxylate hydrochloride is also likely to introduce 
error. 


The semiautomated method permits rapid, unattended, multiple- 
tablet analysis. The proposed manual procedures require less sample and 
less time and are less painstaking than the USP procedures. 


Table 111-Recoveries from Fortified Commercial Solutions” 


Forti- 
fied 


Recovery 
of 


Added 
Drug Sample Drug, % 


Diphenoxylate 
hydrochloride, 
12.5 mg added 


Atropine sulfate, 
0.1 mg added 


101.3 
100.5 
99.8 
98.1 


100.2 
Average 100.0 
SD 1.186 


1 98.8 
2 100.6 
3 99.3 
4 97.4 
5 103.3 


Averaae 99.9 


The amount of solution taken for fortification was one-half the amount specified 
in the procedure so as not to exceed the optimum detection levels of the proce- 
dure. 


Standard Recovery Results-Recovery studies, using the respective 
proposed procedures, were made on fortified samples of commercial so- 
lutions (Table 111) and on simulated mixtures of the drugs with tablet 
excipients based on manufacturing formulations (Table IV). Essentially 
100% recoveries were achieved in all cases. 


Extraction of Drugs from Commercial Products-The extraction 
of atropine from samples of commercial diphenoxylate hydrochloride 
and atropine sulfate solutions was initially attempted as in the USP assay 
of atropine sulfate injection (10); that is, a single separator extraction was 
made of each standard and sample solution. However, extraction of the 
drug from sample solutions was apparently suppressed by the sample 
matrix, resulting in considerable loss relative to the amounts extracted 
from standard solution. Therefore, it was necessary to conduct multiple 
shakeouts to assure complete and uniform extraction of the drug from 
all solutions. 


Drying the chloroform extracts containing atropine by eluting through 
anhydrous sodium sulfate, prior to concentration and GLC analysis, was 
essential; elimination of this step resulted in low recoveries of atropine. 
While not thoroughly investigated, it was theorized that hydrolysis of 
the drug could occur while concentrating the undried chloroform extracts 
with heat. 


The column chromatographic extraction of the drugs from commercial 
tablets was initially attempted without the addition of dimethyl sulfoxide 
to the powdered tablet samples. The results of diphenoxylate hydro- 
chloride assays thus performed were consistently lower than the results 
obtained by the semiautomated method. Investigation revealed a “tail- 
ing” retention of the drug on the column, resulting in incomplete elution 
using a practical volume of solvent. Since this problem was not evident 
when eluting diphenoxylate hydrochloride standard material from the 
column, it was assumed that the tablet matrix was retaining the drug 
through interactive “binding.” Preliminary trituration of the tablet 
material with dimethyl sulfoxide, which has been used fairly extensively 
as a drug solubilizing agent, eliminated this problem. 


Addition of a small volume of water to individual tablets and subse- 


Table IV-Analysis of Simulated Tablet Mixtures 


Recovery, % 
Proposed 


Semi- 
Simulated Proposed auto- 


Drug Mixture Manual mated 


Diphenoxylate 1 99.1 101.1 
hydrochlo- 2 98.9 100.4 
ride 3 99.9 103.1 


4 100.3 100.8 
5 100.4 99.7 


Average 99.7 101.1 
SD 0.687 1.276 


Atropine 1 97.0 - 
sulfate 2 99.5 - 


3 103.0 - 
4 99.3 - 
5 101.0 - 


Average 100.0 
SD 2.221 
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quent ultrasonication were necessary to effect complete dissolution of 
diphenoxylate hydrochloride in chloroform prior to automated analysis. 
In addition to hastening tablet dispersion, the water retains atropine 
sulfate and water-soluble excipients, which are subsequently separated 
from the chloroform solution. 


Bromphenol Blue Dye Solution-The pH of the dye solution pre- 
pared as specified is approximately 3.4. The effect of the pH of the dye 
solution on the color intensity of the resultant diphenoxylate-dye com- 
plex was investigated. The intensity was fairly constant between pH 2 
and 4, with a maximum at  pH 3-3.5. Above pH 4, the intensity decreased 
rapidly. 


The concentration of the dye required in the solution was similarly 
determined by incrementing the weight ratio of dye to diphenoxylate 
hydrochloride until a constant color intensity was attained for the re- 
sultant complex. The amount of dye specified in the solution prepared 
for the assays is an excess of about twice that needed to react completely 
with the anticipated concentration of drug. 


GLC-The collaborative study of the GLC method for atropine (1 1) 
cited references to reports of injection site decomposition. However, the 
authors of the collaborative study did not observe decomposition, which 
they attributed to the use of commercial silanized glass wool. GLC de- 
composition of the atropine was observed in the present study, even when 
using silanized glass wool, if an excessive amount of wool was placed in 
the injection site end of the column. The decomposition was evidenced 
by the appearance of one or more small peaks preceding the atropine and 
homatropine peaks. By using very little glass wool or none at  all, the de- 
composition problem can be avoided. 


Linearity Studies-The standard curve prepared for the GLC de- 
termination of atropine was linear over the range of standard concen- 
trations specified. 


Conformity to Beer’s law was observed when concentrations of di- 
phenoxylate hydrochloride introduced into the automated system were 
varied from 70 to 150% of the tablet dosage level. The manual dye com- 
plexation procedure also provided linear absorbance readings when the 
drug concentrations were varied from 50 to 150% of the level anticipated 
in solution sample extracts. 


Synthesis and Anticancer Activity of 
Novel Cyclic N-Hydroxyureas 


J. T. CHOU, W. T. BECK*, T. KHWAJAt, 
K. MAYER, and E. J. LIENX 


Abstract To overcome the disadvantages of hydroxyurea in anticancer 
therapy such as fast biotransformation and low potency, five cyclic N -  
hydroxyureas were synthesized. A new reaction was developed to prepare 
the desired products from the appropriate alkyl w-haloalkylcarbamates 
with hydroxylamine. This reaction probably involves a two-step mech- 
anism: nucleophilic substitution and intramolecular cyclization. The 
anticancer screening tests of these compounds were done both i n  uitro 
using tissue culture and i n  uiuo. One compound, l-hydroxy-1,3-diaza- 
cyclohexan-2-one, had anticancer activity comparable to hydroxyurea 
both i n  uiuo and i n  uitro. 


Keyphrases 0 N-Hydroxyureas, cyclic-various derivatives synthe- 
sized, anticancer activity evaluated 0 Anticancer activity-various cyclic 
N -hydroxyureas evaluated 0 Structure-activity relationships-various 
cyclic N-hydroxyureas evaluated for anticancer activity 
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droxyurea is a simple organic compound currently used as 
a cancer chemotherapeutic agent in the treatment of 
chronic myeloid leukemia and in the management of ma- 
lignant melanoma, head and neck cancers, and brain tu- 
mors concomitantly with X-ray therapy (7,8). 


Hydroxyurea immediately inhibits DNA synthesis (S 
phase) in various systems without any or with slight effect 
on the synthesis and metabolism of RNA and protein (9, 
10). Hydroxyurea-induced inhibition of DNA synthesis 
is due primarily to interference with the biosynthetic re- 
duction of ribonucleotides to deoxyribonucleotides by 
inhibition of the enzyme ribonucleotide reductase (11). 
This inhibition blocks the formation of deoxyribonucleo- 


sarcoma 180 (2) and RC mouse mammary carcinoma (3) 
in mice, i t  demonstrated antitumor activities against 
cancers such as L-1210, Walker carcinoma, P-388 reuke- 
mia, and B16 melanoma in mice (4-6). Clinically, hy- 
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Effect of Pentazocine on Pressor Responses of 
Epinephrine and Levarterenol 


G .  D. RUSSIX and F. GENE MARTIN 


Abstract 0 In rats anesthetized with pentobarbital, pentazocine po- 
tentiated the pressor response of two exogenous amines, epinephrine and 
levarterenol. Although the mechanism for the pentazocine-induced po- 
tentiation of the pressor amines has not been proven, i t  is speculated that 
pentazocine may increase the blood pressure response of certain amines 
by interacting with the sympathetic nervous system. 


Keyphrases Pentazocine-effect on pressor responses of epinephrine 
and levarterenol, rats 0 Epinephrine-pressor responses, effect of 
pentazocine, rats Levarterenol-pressor responses, effect of pen- 
tazocine, rats Pressor responses-epinephrine and levarterenol, effect 
of pentazocine, rats Analgesics-pentazocine, effect on pressor re- 
sponses of epinephrine and levarterenol, rats 0 Adrenergic agents- 
epinephrine and levarterenol, pressor responses, effect of pentazocine, 
rats 


Pentazocine, a weak narcotic antagonist of the benzo- 
morphan series, was first synthesized by Archer et al. (1). 
It is an effective analgesic in humans (2) with a low inci- 
dence of adverse effects (3). 


Whereas the cardiovascular effects of morphine are 
hypotension and bradycardia, pentazocine produces a rise 
in systemic arterial blood pressure and heart rate (2). 
Therefore, Hobler et al. (4) suggested that pentazocine 
might be a useful analgesic and less dangerous than mor- 
phine in hypotensive patients. 


The present study concerned the possibility that pen- 
tazocine might increase blood pressure and heart rate by 
altering the responses to transmitter amines. This paper 
reports the effects of pentazocine on the pressor responses 
to exogenous epinephrine (I) and levarterenol(I1). 


EXPERIMENTAL 


Male Sprague-Dawley rats were anesthetized with pentobarbital so- 
dium, 40 mg/kg ip, combined with atropine sulfate, l mg/kg. Animals were 
artificially respired throughout the experiment with a rodent respirator1. 
The right carotid or femoral artery was cannulated with polyethylene 
tubing filled with heparin in saline to facilitate pressure measurements 
using a pressure transducer2. The right femoral vein was cannulated for 
intravenous injections of drugs. 


Pressure changes were analyzed by planimetric measurement of the 
area, in square centimeters, under the dose-mean blood pressure response 
curve and by measurement of the time, in seconds, for the mean blood 
pressure response to return half-way to the control value. Statistical 
analysis was performed by using the analysis of variance combined with 
Duncan’s new multiple range test ( 5 ) .  Levarterenol bitartrate? and epi- 


1 Harvard Apparatus Co. model 680. 
Statham P23AC. 
Siama Chemical Co.. St. Louis, Mo. 
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Figure 1-Effect of intravenous pentatocine (milligrams per kilogram 
shown in the bars) on the duration (T/2, in seconds) of the pressor re- 
sponses to I and 11. All doses of pentazocine significantly (S) poten- 
tiated the duration of the pressor responses to I and I1 when compared 
t o  the control (C) a t  p < 0.05. 


nephrine bitartrate? solutions were prepared from stock solutions on the 
day of use. Pentazocine4 was dissolved in acidic aqueous solutions prior 
to use. All doses are reported as the salt. 


RESULTS AND DISCUSSION 


Epinephrine, 2 fig/kg, and levarterenol, 2 Pg/kg, were given intrave- 
nously to rats to determine control blood pressure responses. Pentazocine 
was given in 2.5-mg/kg increments intravenously until a total dose of 10 
mg/kg had been administered. The intravenous administration of pen- 
tazocine routinely depressed the blood pressure, but the depression was 
transient and the blood pressure was allowed to return to control levels 
before the agonists were given. 


After each dose of pentazocine, the agonists were again administered 
and the responses were measured and compared to control responses. 
All doses of pentazocine significantly increased the duration of the pressor 
responses to epinephrine and levarterenol (Fig. l), while the area under 
the dose-response curve of these two amines was significantly increased 
only after a 10-mg/kg dose (Fig. 2). 


Since these experiments involved a long period and several injections 
per animal, a study was conducted to evaluate the possibility that the 
responses to epinephrine and levarterenol might be increased by some 
sort of autopotentiation instead of an action by pentazocine. Blood 
pressure responses to four doses of epinephrine were obtained several 


Talwin, Sterling-Winthrop Research Institute. 


1652 /Journal of Pharmaceutical Sciences 







T 


9 


Figure 2-Effect of intravenous pentazocine (milligrams per kilogram 
shown in the bars) on the pressor responses to I and II. At a dose of 10 
mglkg, pentazocine significantly (S)  potentiated the pressor response 
to I and XI when compared to the control ( C )  a t  p < 0.05. 


times. No autopotentiation was found; in fact, the responses tended to 
decrease after the agonist had been administered several times5. 


Tammisto et al. (6) reported a marked increase in plasma catechol- 
amine levels after an intravenous injection of pentazocine, 1.2 mg/kg, in 
humans. The rise in plasma catecholamine levels was concomitant with 
the rise in blood pressure and heart rate in the same patients. It was 
concluded that the rise in circulating catecholamines was due to pe- 
ripheral release of epinephrine and levarterenol caused by central sym- 
pathetic stimulation by pentazocine. These investigators also suggested 
that the pentazocine-induced increase in plasma catecholamines was not 
due to an inhibition of reuptake or of enzymatic degradation of the cat- 
echolamines since pentazocine did not potentiate the pressor responses 
of exogenous epinephrine or levarterenol. 


The results presented in this study do not agree with those of Tam- 
misto et al. (6). Pentazocine potentiated the pressor responses of exog- 
enous amines. It is tempting to suggest that one possible explanation for 
the pentazocine-pressor amine interaction would be a pentazocine- 


5 Unpublished results. 


induced alteration of the physiological disposition of the neuro- 
transmitters by interaction with the sympathetic nervous system. 


Investigations into the actions of pentazocine on neural function in 
the central nervous system support the hypothesis that pentazocine may 
alter adrenergic function. 


Holtzman and Jewett (7) demonstrated that pentazocine, at  a wide 
range of doses, significantly lowered rat brain norepinephrine and 
theorized that the drop in brain norepinephrine content might be related 
to a pentazocine-induced release of the adrenergic transmitter. Likewise, 
Paalzow et al. (8) reported a drop in rat brain norepinephrine after 
pentazocine treatment. They also showed that pentazocine accelerated 
the depletion of the adrenergic neurotransmitter in the brain after ty- 
rosine hydroxylase or dopamine 8-hydroxylase was inhibited, thereby 
indicating that the turnover of norepinephrine was increased. 
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Synthesis and Hydrolysis of 
Fluorene-9-spiro-2’- (N-aryl-3’,3’-dichloroaziridines) 


MAGID ABOU-GHARBIA and MADELEINE M. JOULLIE 


Abstract 0 The synthesis of eight fluorene-9-spiro-2’-(N-aryl-3’,3’- 
dichloroaziridines) was achieved uia the reaction of dichlorocarbene with 
the appropriately substituted N-fluorenylideneanilines. Hydrolysis of 
the spirofluorenes afforded the corresponding 9-chlorofluorene-9-car- 
boxanilides in excellent yields. 


KevDhrases 0 Fluorene-9-suiro-2’-aziridines. various-svnthesized. 


The synthesis of aziridines from imines has been ac- 
complished either by the reactions of imines with di- 
methylsulfoxonium methylide in dimethyl sulfoxide (1) 
or by the insertion of carbenes in the carbon-nitrogen 
double bond of imines (2 ,3) .  


hydrolyzed to 9-chlorofluorene-9-carboxanilides Aziridines, fluo- 
rene-9-spiro-synthesized, hydrolyzed to 9-chlorofluorene-9-carbox- 
anilides Hydrolysis-various fluorene-9-spiro-2’-aziridines to 9- 
chlorofluorene-9-carboxanilides Spiro compounds-various fluo- 
rene-g-spiro-2‘-aziridines synthesized, hydrolyzed to 9-chlorofluorene- 
9-carboxanilides 


The reaction of N-fluorenylideneanilines (I) with di- 
methylsulfoxonium methylide afforded a mixture of the 
starting imine and fluorenone instead of the expected 
spiroaziridines. However, the reactions of I with dichlo- 
rocarbene, generated by the reaction of chloroform with 
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(log t 4.16) nm; m/e: 311 (Mf). 
Anal.-Calc. for C I ~ H ~ I N O ~ :  C, 73.31; H, 6.75; N, 4.50. Found: C, 73.21; 


H, 6.81; N, 4.58. 
4. Alpinigenine: Rf 0.68, mp 185-186" [lit. (2 )  mp 185-186"], mixed 


melting point with an authentic sample 185-186'; [alp +230.2" (c = 1.59, 
CHCls) [lit. (15) [&'+286O]. The spectral data (IR, UV, NMR, and mass) 
were identical with an authentic sample (2). 


The alkaloid profiles of P. orientale L. from different geographical 
areas suggested classification according to five different chemotypes 
(Table I). Oripavine was either a sole alkaloid of the poppy (chemotype 
A) or a single major alkaloid (chemotypes B, C, D, and E). 


A literature survey (16) revealed that alpinigenine was not found 
previously in P. orientale L. 
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Physiologically Active Substances from 
Marine Sponges IV: Heterocyclic Compounds 


JOGINDER S. CHIBX, MARTIN F. STEMPIEN, Jr., 
JACK T. CECIL, GEORGE D. RUGGIERI, andROSS F. NIGRELLI 


Abstract Several guanidine compounds were synthesized by the re- 
action of acid chlorides of thiophene and furan with guanidines. Some 
of these compounds showed antibiotic and cytotoxic activities. Series of 
pyrrole compounds were synthesized and found to have significant an- 
tibiotic activity. 


Keyphrases 0 Pyrroles, various-synthesized, evaluated for antibac- 
terial activity 0 Furans, various-synthesized, evaluated for antibacterial 
and cytotoxic activity Thiophenes, various-synthesized, evaluated 
for antibacterial and cytotoxic activity Heterocycles-various pyrroles, 
furans, and thiophenes synthesized, evaluated for antibacterial and cy- 
totoxic activity 0 Antibacterial activity-various pyrroles, furans, and 
thiophenes evaluated Cytotoxic activity-various furans and thio- 
phenes evaluated 0 Structure-activity relationships-various pyrroles, 
furans, and thiophenes evaluated for antibacterial and cytotoxic activi- 
ty 


Several biologically significant pyrrole (1) and indole 
(2,3) derivatives have been isolated from marine sources. 
Most of these compounds show pronounced antibiotic 
activity. During the present investigation of the sponge 
Agelas sp. (JC-6), a new brominated pyrrole derivative 
incorporating the guanidine moiety was isolated and 
showed significant activity against Escherichia coli ( 4 ) .  
This natural product also showed cytotoxicity against KB 
carcinoma cells (5). This report describes the synthesis of 
several pyrrole, furan, and thiophene analogs and their 
physiological activities. 


Table  I-Antibiotic Activity of Pyrrole Derivatives 


R; RL I ORi 


R, 


Activity against 
Compound RI R7 Rn R4 Rn E. coli" 


XIIa H OCHi H H H +++ ~~ ., ~~ 


XIIb H NH2 H H H ++++ 
XIIC CHz OCH3 H H H +++ 
XIId CHn NH? H H H ++++ 
XlIe H H H Br H ++++ 
XIIf H OCH3 H Br H ++++ 


H OCHs H Br Br ++ 
H OCHR Br Br Br + 


After paper disk incubation, zones of bacterial inhibition were measured: +, 
<15 mm; ++, 15-18 mm; +++, 18-22 mm; and ++++, >22 mm. 


EXPERIMENTAL' 


Chemistry-Since 2-aminopyrimidine (Ia) and guanidine (Ila) have 
a common structural unit, it was considered desirable to synthesize furan, 
thiophene, and pyrrole derivatives incorporating this structural feature. 


1 All melting points are uncorrected. Microanalyses were performed by 
Schwarzkopf Microanalytical Laboratories, Woodside, N.Y. IR spectra were re- 
corded on a Perkin-Elmer 421 grating IR spectrometer, NMR spectra were recorded 
on a Varian A-60A spectrometer, and mass spectra were recorded on a Hitachi 
Perkin-Elmer spectrometer 107. 
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Table 11-Analvtical and  SDectral Data 
Analysis, % 


Melting Yield, 
YO Formula Calc. Found Spectral Data Compound Point 


C 48.23 47.87 IR (KBr): 1680 (CO) cm-'; NMR (CD30D): 6 
3.03 (s,6H),6.43 (m,lH),6.85 (m, lH),  *H20 H 6.58 


N 21.09 20.82 and 7.47 (m, 1H) 
C 57.14 57.20 IR (mineral oil): 3420 (NH) and 1680 (CO) cm-l; 


NMR (CDC13): 6 7.1 (m, 3H), 7.6 (m, 3H), and H 3.73 
N 22.21 22.23 8.7 (m, 2H); mass spectrum (M+): m/e 189 


6.45 
V 290-293' 18 CsHiiN302 


VII 124-127" 25 CgH7N302 
3.96 


VIII 183-185" 20 CllHllN302 C 60.82 60.77 IR (KBr): 3450 (NH)-and 1680 (CO) cm-'; 
H 5.10 5.09 NMR (CDC13): 6 2.45 (s,6H),6.55 (m, lH), 
N 19.34 19.05 6.78 (s, 1H),7.3 (m, lH),and 7.51 (m, lH);  


mass spectrum (M+): m/e 217 


*2H20 H 6.24 5.94 mass spectrum (M+): m/e 215 
VI 269-270' 19 CsHllNaOzS C 41.20 41.67 IR (KBr): 3340 and 3290 (NH, HzO) cm-I; 


N I R W  18.30 


IX 


X 


160-161' 


168-169" 


35 


37 


_ .  
S 
C 
H 
N 
S 
C 
H 
N s 


_I.1- 
13.44 
52.69 
3.44 


20.48 
15.59 
56.65 
4.75 


18.02 
13.72 


13.72 
52.99 
3.35 


20.73 
15.71 
56.49 
4.80 


18.10 
13.89 


IR (KBr): 3450 (NH) and 1670 (CO) cm-'; 
NMR (CDC13): 6 7.1 (m, 3H), 7.65 (m, 3H), and 
8.96 (m, 2H); mass spectrum (M+): 
mle 205 


NMR (CDC13): 6 7.1 (m, 3H) and 7.5 (m, 2H); 
mass spectrum (M+): mle 233 


IR (KBr): 3450 (NH) and 1670 (CO) cm-'; 


XI 153-154' 5 C ~ ~ H S N ~ O ~ S  C 53.34 53.59 IR (KBT): 3450 (NH) and 1670 (CO) crn-'. 
H 2.88 2.79 NMR (CDCl3): 6 8.75 (m, 2H), 7.6 (m, 4H), and 
N 13.34 13.60 7.05 (m. 3H): mass spectrum (M+): . .  s 20.20 19.90 m/e 283 


The reaction of guanidine (IIa) with 2-furoyl chloride (111) and 2-thio- 
phenecarbonyl chloride (IV) afforded intractable mixtures. However, 
the reaction of N,N-dimethylguanidine (IIb) with these two carbonyl 
chlorides yielded crystalline derivatives V and VI. 


2-Aminopyrimidine (Ia) and 2-amino 4,6-dimethylpyrimidine (Ib), 
on similar treatment with these acid chlorides, resulted in products 
VII-X. The 5-acylated derivative (XI) was also isolated as a minor 
component from the reaction of 2-aminopyrimidine (Ia) and thiophene 
carbonyl chloride (IV). This product resulted from the nucleophilic 


I a : R = H  
1b:R = CH, 


qk Cocl 


111: x = 0 
Iv:x=s 


IIa: R = Hz 
I1 b: R = (CH,), 


v: x=o 
VI: x=s 


R 


R 
VII: X=O,  R = H  


VIII: X = 0, R = CH, 
IX:X=S,  R = H  
X:X= S, R=CH3 


0 


substitution at  C-5 of the pyrimidine ring. Attempts to synthesize similar 
derivatives from pyrrole were unsuccessful. 


Biological Activity-The thiophene and furan derivatives were tested 
for antibacterial (4) and cytotoxic activities (6). 


In testing the activity against Escherichia co2i2 (ATCC 4157), 0.005 
g of the compound was applied to a paper disk and incubated for 18 hr 
a t  35". Zones of bacterial inhibition were measured. Compounds IX and 
X showed 15-18-mm inhibition zones; VI showed an 18-22-mm zone. 


Cytotoxic activity was tested against human oral epidermoid carcinoma 
KB cells (ATCC CCL 17) by adding 25-50 pg/ml of the test compound 
to the growth medium. Compounds V and VI showed 50% cytotoxic- 
ity. 


Furan derivatives V, VII, and VIII were inactive against E. coli, but 
V was fairly cytotoxic. Thiophene derivatives VI, IX, and X showed 
moderate activity against E. coli., but only VI exhibited cytotoxic ac- 
tivity. 


Several pyrrole derivatives were also examined for antibacterial activity 
(Table I) and were considerably more potent as antibacterial agents than 
the corresponding thiophene and furan compounds. Although it is dif- 
ficult to establish rigorously any structure-activity relationship, the in- 
troduction of halogen progressively decreased the antibiotic activity in 
this series. 


General Method for  Synthesis of Furan  and Thiophene Deriva- 
tives-A solution of 2-furoyl chloride (111) (3.92 g, 0.03 mole) was added 
dropwise, at  room temperature over 2 hr, to a suspension of 2-amino- 
4,6-dimethylpyrimidine ( Ib)  (3.69 g, 0.03 mole) and triethylamine (3.03 
g, 0.03 mole) in 150 ml of acetonitrile. The reaction mixture was heated 
to 65' for 0.5 hr and then kept overnight a t  room temperature. The pre- 
cipitated triethylamine hydrochloride was filtered off, and the filtrate 
was evaporated under reduced pressure. 


The residue was dissolved in chloroform (150 ml), washed with sodium 
bicarbonate solution (50 ml, 1 N )  and water (2 X 100 ml), and dried over 
magnesium sulfate. Removal of the solvent afforded a dark viscous ma- 
terial. Repeated crystallization from ethyl acetate gave VIII. 


Analytical and spectral data for these compounds are given in Table 
11. 


Pyrrole derivatives were synthesized by literature methods (7-9). 
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Preparation of 
Spin-Labeled Opiates: Morphine and Codeine 


JAMES A. CELLA” and JAMES A. KELLEY 


Abstract The preparation of 6-spin-labeled codeine and morphine 
is described. Treatment of either 6-chlorocodide or 8-bromocodide with 
4-amino-2,2,6,6-tetramethylpiperidino- 1 -oxyl free radical in dimethyl- 
formamide afforded 6-spin-labeled codeine. Similar treatment of 6- 
chloromorphide afforded 6-spin-labeled morphine. Exclusive formation 
of the 6-isomer in these reactions is explained by halide-ion-catalyzed 
isomerization of the 6-halo opiate to the 8-halo isomer followed by a 
normal S N ~ ‘  displacement of the halogen. Both spin-labeled compounds 
displayed weak in uiuo analgesic activity and did not bind appreciably 
to receptors in brain homogenate. 


Keyphrases Spin-labeled opiates-morphine and codeine labeled 
in 6-position, effect on binding to brain receptors and analgesic activity 
0 Morphine-spin labeled in 6-position, effect on binding to brain re- 
ceptors and analgesic activity 0 Codeine-spin labeled in 6-position, 
effect on binding to brain receptors and analgesic activity 0 Opiates- 
morphine and codeine, spin labeled in 6-position, effect on binding to 
brain receptors and analgesic activity Analgesics, narcotic-morphine 
and codeine, spin labeled in 6-position, effect on binding to brain re- 
ceptors and analgesic activity 


In numerous attempts to identify and characterize the 
opiate receptor (1-4), the binding characteristics of 
pharmacologically active and inactive isomers were com- 
pared or the reduced agonist binding in the presence of 
antagonists was noted using radiolabeled opiates with high 
specific activity. The spin label method (5, 6) is an at- 
tractive alternative to the radioisotope method for 
studying this drug-receptor interaction in uitro, since it 
obviates the need for separating bound from unbound 
drug. A preliminary report demonstrated the feasibility 
of this method (7). 


DISCUSSION 


Essential to the success of this approach is the requirement that  the 
nitroxide label not constitute a significant perturbation to the interaction 
of the drug with its receptor. As such, the label should be attached to a 
pharmacologically unimportant position in the drug molecule. For pur- 
poses of stability, the label should be covalently attached to the drug uia 
a linkage resistant to hydrolytic enzymes and inert to aqueous media at 
physiological pH. Finally, it is desirable, although not essential, that the 


nucleophilic nucleophilic 4 spin label % /@ spin label 


X 


/j$ nucleophilic %[# 
spin label nucleophilic 


spin label 
Scheme 1 


labeled drug possess biological activity similar to that of the parent 
drug. 


With these requirements in mind, the preparation of spin-labeled 
derivatives of morphine and codeine suitable for the in oitro study of the 
interaction of these drugs with possible receptors was attempted. 


The hydroxyl group a t  the 6-position of morphine and codeine ap- 
peared to offer a suitable point for attachment for the spin label, par- 
ticularly in view of the relative unimportance of this position in the 
pharmacological activity of these drugs (8,9). However, the steric inac- 
cessibility of this alcohol (10 , l l )  precluded all attempts to alkylate a t  
this position’. Consequently, the mode of reaction was reversed by using 
a nucleophilic spin label to displace halogen from a 6- or 8-halo opiate 
(Scheme I). In the isomeric halocodides and morphides, the halogen atom 
has a beta configuration (syn to the ethylamino bridge) and is displaced 
by nucleophiles exclusively from the beta side in an sN2’ fashion (13). 
Following this precedent, the reaction of the isomeric halocodides and 
morphides with 4-amino-2,2,6,6-tetramethylpiperidino-l-oxyl free radical 
( I )  as a route to spin-labeled morphine and codeine was investigated. 


Reaction of I with 8-bromocodide (Ha) in dimethylformamide afforded 
the expected 6-spin-labeled codeine (IIIa) in 23% yield (Scheme 11). 


A recent report (12) described the selective methylation of morphine at the 
6-position uia its dipotassium salt. A similar ap roach to introduce a s in lahel at 
the 6-position was attempted; however, with aPkylating agents much krger than 
methyl, reaction occurred exclusively at the 3-position. 
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KEEPING “BASICS” IN BALANCE 


As this column is being written, the Washington metropolitan area is experiencing 
a severe short-term water shortage attributable to malfunctioning equipment. Other 
water shortages ominously face the area due to a combination of decreased pre- 
cipitation and increased demand. The prospect of long-term water shortages may 
well have been avoided had various plans been implemented a decade or two earlier 
which called for a comprehensive series of dams and other water-related projects 
on the upper Potomac River which provides the city’s major source of water. 


However, the timing was off in the sense that this comprehensive proposal was 
advanced at  the tai1,end of the nationwide dam-building era of the postdepression 
years. Delays resulted during which the pendulum of public sentiment swung so 
far in the other direction that not only was the comprehensive plan abandoned, but 
the opponents were successful in blocking approval for even a scaled-down ver- 
sion. 


Since the oil embargo of the winter of 1973-74, the entire country has been going 
through alternate periods of “feast or famine” with respect to energy use and con- 
servation as well as legislative proposals and tax incentives to modify or affect use 
of our energy resources. 


Approximately 15 years ago, the Washington suburbs were in the midst of a 
tremendous building boom which threatened to pave over the entire metropolitan 
area with real estate and other development. Conservationists successfully brought 
an abrupt halt to this activity about 7 to 8 years ago through the implementation 
of various sewer and water-line restrictions as well as other zoning controls which 
virtually put a complete brake on development in the local area. The supply of new 
housing then did not keep pace with demand and the prices for comparable property 
more than tripled during this period. 


The common element in all of the examples cited above-as well as others which 
could be mentioned-is that Americans have a characteristic tendency to go over- 
board in one direction or the other in various programs, policies, projects, and ac- 
tivities. The result is a type of “overkill” which, while rectifying the original concern, 
frequently creates a greater problem in its place. 


We see a similar tendency in our approach to education. On taking office during 
the Annual Meeting in New York City in late May, Academy of Pharmaceutical 
Sciences President George Zografi laid out some of his concerns about the future 
of pharmaceutical research and the training and education of future pharmacy 
students. 


President Zografi traced the recent history of pharmacy education in the United 
States and the marked improvement in the quality of scientific knowledge developed 
and taught in pharmacy following World War 11. He went on to say: 


“This led to a marked increase in graduate education and, in turn, to an 
influx of many well-educated pharmacists into scientific research and 
development. At the same time, we were producing well-educated phar- 
macists who became practitioners, but we were deficient in not providing 
the type of professional education and training which allowed large num- 
bers of these individuals to utilize their education in their practice to the 
fullest extent. More recently, the directions pharmacy practice must take 
have become clearer and the schools of pharmacy have responded uith 
greater emphasis on such areas as therapeutics, biopharmaceutics, and 
clinical education.” 


“However, I now detect a general climate which is tending to downgrade 
the importance of basic science knowledge for professional practitioners- 
knowledge which must serve os a basis for the uncertainties of our future 
professional practice. It often appears that all of pharmacy’s problems 
are being blamed on our so-called over-emphasis of the basic scientific 
portion of our educational program.” 


But Dr. Zografi went on to caution his listeners: 


There is a good deal of merit in Dr. Zografi’s concern. Pharmacy education, as 
in the case of the subjects discussed in the opening paragraphs of this column, has 
been subject to sharp swings in attitude depending upon what may be of current 
primary interest and concern. In our efforts to remedy past omissions and defi- 
ciencies, it would be indeed regrettable if the basics are neglected or fall from 
favor. 


We need only look at  our national experience at the grade school level of educa- 
tion. As our educators eagerly embraced the so-called modern methods, they were 
quick to discard and even reject the basic elements. The result has led to a hue and 
cry among high school and college educators with respect to the students who are 
now reaching those levels. Repeatedly, we hear complaints that “Johnny can’t read” 
and “Mary can’t add.” 


It appears to us that if pharmacy education in its effort to meet the need for 
therapeutics, biopharmaceutics, and clinical education displaces the basic sci- 
ences-rather than supplements them-we run the risk that a parallel situation 
will develop with respect to our pharmacy graduates. In conclusion, both of these 
elements are necessary for competent practitioners, and they must be kept in proper 
proportion by those responsible for pharmacy education. -EGF 
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Oxidation Kinetics of Phenothiazine and 
10-Methylphenothiazine in Acidic Medium 


H. ROSEBOOM and J. H. PERRIN * 


Abstract The rate of phenothiazine degradation in an acidic oxy- 
gen-saturated medium was studied. 3H-Phenothiazine-3-one and phe- 
nothiazine 5-oxide are produced by parallel reactions, and 7-( 10’-phe- 
nothiazinyl)-3H-phenothiazine-3-one is produced in a more complex 
manner. The overall phenothiazine degradation rate appears to be pH 
independent up to pH 7.0. The degradation kinetics of 10-methylphe- 
nothiazine were studied after isolation and identification of its degra- 
dation products, 10-methylphenothiazine 5-oxide and 3H-phenothi- 
azine-3-one. The main degradation product is 10-methylphenothiazine 
5-oxide; but a t  low pH values and high temperatures, more 3H-pheno- 
thiazine-3-one is formed. The degradation rate of lo-methylphenothia- 
zine is pH independent up to pH 7. 


Keyphrases Phenothiazine and 10-methyl derivative-oxidative 
degradation in acidic oxygen-saturated medium, effect of pH 0 Oxida- 
tion-degradation kinetics of phenothiazine and 10-methyl derivative 
in acidic oxygen-saturated medium, effect of pH 0 Degradation kinet- 
ics-phenothiazine and 10-methyl derivative, oxidation in acidic oxy- 
gen-saturated medium, effect of pH 


The oxidative degradation of phenothiazine has been 
the subject of many investigations (1-7), but little is known 
about the kinetics of this reaction. Previously, the isolation 


H 
I 


I 
H 


of some degradation products and their identification by 
TLC, melting point, and IR, UV, and mass spectral data 
were described (8). 7-(lO’-Phenothiazinyl)-3H-pheno- 
thiazine-3-one was reported as a degradation product for 
the first time, and its structure has now been confirmed 
by NMR spectroscopy. The present paper reports the ki- 
netics of the disappearance of phenothiazine (I) and the 
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Table I-Apparent First-Order Rate  Constants for  the 
Degradation of I ( k )  and for  the Appearance of I1 (k3) and 111 
(k5) in 52.5% Ethanol a t  pH 2.8 at Various Temperatures 


Temperature, 
OK k ,  hr-' X 103 k3, hr-' X lo4 k g ,  hr-' X lo3  


328 
338 
348 


1.56 
3.29 
9.08 


1.30 
4.41 


17.2 


1.41 
2.75 
6.87 


358 19.7 51.0 13.3 


appearance of some degradation products (11-IV) in an 
oxygen-saturated acidic medium protected from light. 


Since many commercial phenothiazines have side chains 
at the N-10 position, 10-methylphenothiazine (V, Scheme 
I) was synthesized and its degradation was investigated as 
a model compound. The oxidation potential of V was re- 
ported to be 150 mv higher than that of phenothiazine (2, 
9), with 10-methylphenothiazine 5-oxide (VI) and 3H- 
phenothiazine-3-one (11) as the degradation products (10). 
The quantitative aspects of this degradation were not in- 
vestigated. 


In the current work, these products were synthesized 
and the influence of pH and temperature on the degra- 
dation rate was investigated after the degradation products 
were identified. 


EXPERIMENTAL 


Materials-Phenothiazine' gave a single spot using several TLC 
solvent systems and was used as supplied. Compound 11, phenothiazine 
5-oxide (III), and 7 4  lO'-phenothiazinyl)-3H -phenothiazine-3-one (IV) 
were prepared as previously described (8). 


Compounds V (10, l l )  and VI (10,12) were synthesized as described 
in the literature. Compound V was recrystallized from ethanol, mp 
100-101.5" [lit. (10, 11) mp 100.5-101.4']. Compound VI was recrys- 
tallized from water, mp 194-196" [lit. (10,12) mp 194-196"]. The struc- 
tures were confirmed by IR and NMR spectroscopy. 


All other materials were reagent grade, and deionized water was used 
throughout this study. 


Isolation and Identification of Degradation Products-Compound 
V was dissolved in 52.5% ethanol, buffered to pH 4.7 (13), and stored in 
the dark at  85' for 5 days after saturation with oxygen. The products were 
extracted with carbon tetrachloride and isolated following TLC as de- 
scribed previously (8). Three zones, A, B, and C, were seen at Rf 0.80,0.65, 
and 0.25, respectively. 


Zone A was compared with V on the following TLC systems: silica gel 
GF254 and ether-petroleum ether (1:3), silica gel GF254 and acetone-6 
N ammonia (50:1), and silica gel GF2g4 and chloroform. In all cases, V and 
Zone A behaved similarly; they had similar IR and NMR spectra, and 
the mixed melting point was 99-101'. 


Zone B was compared with I1 in the same chromatographic systems. 
In all cases, Zone B and I1 behaved similarly; they had similar IR and 
NMR spectra, and the mixed melting point was 159-162". 


Zone C was compared with VI in the following TLC systems: silica gel 
GF254 and acetone-6 N ammonia (501), silica gel GF254 and ether-pe- 
troleum ether (1:3), silica gel GF254 and acetone-chloroform (3:2), and 
basic aluminum oxide and chloroform. In all cases, Zone C and VI be- 
haved identically; they had similar IR and NMR spectra, and the mixed 
melting point was 193-196". Compounds I1 and VI were the only degra- 
dation products of V found. 


Methods-Phenothiazine was dissolved to a concentration of 500 
pg/ml in a mixture of ethanol and a sodium acetate-hydrochloric acid 
buffer (13). The pH of this solution was measured2 a t  75". The solution 
was placed in small screw-capped bottles, saturated with oxygen, and kept 
in an oxygen atmosphere in the dark a t  a fixed temperature. 


Compounds I, 11, and IV were determined spectrophotometrically after 
extraction from the reaction mixture with carbon tetrachloride and 
separation on a column of acidic alumina as previously described (14). 


Schuchardt, Munchen, Germany. 
The pH meter was calibrated at  7 5 O  with aqueous buffers of the National Bureau 


of Standards. 


Table 11-Rate Constants for  the Disappearance of I ( k )  and the 
Appearance of I1 (k3) and I11 ( k ~ )  in 52.5% Ethanol at 75" at 
Various DH Values 


pH k ,  hr-l X lo3 k3, hr-I X lo4 kg, hr-' X lo3 


1.4 8.95 5.37 8.06 
1.7 9.09 . .. 


2.2 9.05 
2.8 9.08 
3.2 9.01 
3.8 9.18 


6.9 8.83 


4.55 
7.24 


17.3 
18.0 
18.4 
19.3 
20.3 
20.3 
17.3 
9.7 


8.18 
7.51 
6.90 
6.49 
6.33 
6.22 
6.21 
6.26 
6.56 
7.32 


Compound 111 could be determined polarographically without isolation 
from the reaction mixture (14). The influence of temperature, pH, and 
ethanol concentration (weight per weight) on the degradation rate was 
followed in this manner. 


The degradation kinetics of V were studied similarly. In this case, I1 
was determined quantitatively as previously described (14) but without 
the chromatographic stage; V was determined by high-pressure liquid 
chromatography3 using a silica4 column and a UV detector. The solvent 
was a mixture of methanol and water (6535) with a flow rate of 1 ml/min, 
and phenothiazine was the internal standard. The only other degradation 
product, VI, was determined by difference. 


RESULTS AND DISCUSSION 


Phenothiazine Degradation-Temperature-Under all circum- 
stances, the degradation was always first order with respect to pheno- 
thiazine. Table I gives the observed rate constants at  various tempera- 
tures for the oxidation in 52.5% ethanol at  pH 2.8. The Arrhenius plot 
gives an E ,  of 20.4 kcal/mole. This energy of activation includes a term 
for the variation of the oxygen solubility with temperature. The decreased 
solubility of oxygen with increasing temperature is partially compensated 
for by the increased solubility due to increased oxygen pressure above 
the solution as the temperature is raised. 


If 11-IV are formed by parallel reactions, then their appearance should 
satisfy the following equation (15): 


A i = A o + I P o ( l  k - e - k f )  
k 


(Eq. 1) 


where A; is the concentration of the degradation product at  time t ;  Po 
and A0 are the initial concentrations of phenothiazine and the degrada- 
tion product, respectively; k is the first-order rate constant for pheno- 
thiazine degradation; and k;  is the first-order rate of appearance of A. 
A plot of A, against (1 - e - - k t )  should give a straight line if parallel re- 
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Figure 1-Amount of II formed as a function of time at various tem- 
peratures in 52.5% ethanol a t  pH 2.8. 


3 Model ALC/GPC ZOZ/SoO, Waters Associates, Milford, Mass. 
Corasil CIS, Waters Associates, Milford, Mass. 
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Figure 2-Amount of III  formed a s  a function of time at various tem- 
peratures in 52.5% ethanol a t  pH 2.8. 


action kinetics are obeyed, the value of the slope allowing k,  to be cal- 
culated. 


Figures 1-3 show the plots for 11,111, and IV, respectively, as a function 
of temperature. Compounds I1 and I11 seem to be formed via parallel 
reactions whereas IV does not; an intermediate product probably is in- 
volved in this latter case. The effects of temperature on the slopes in Figs. 
1 and 2 are clearly very different, indicating that temperature greatly 
influences the amount of I1 and I11 formed. 


The derived reaction rate constants for the appearance of I1 and I11 
as a function of temperature are given in Table I. The Arrhenius plot gives 
an E,, of 17.9 kcal/mole for 111 and 29.2 kcal/mole for 11. Table I also shows 
that 111 is the major degradation product. 


Influence of pH-Table 11 lists the k ,  kg, and k3 values a t  different pH 
levels a t  a constant temperature of 75O. The values for k s  at pH 1.4 and 
1.7 are inaccurate because of the instability of I1 at  these pH values; the 
values are calculated from the initial slope of the A3 versus (1 - e c k r )  
plot, because the plot is only a straight line in the early stages of the 
degradation at  these pH values. Table I1 shows that phenothiazine deg- 
radation is pH independent, but a t  pH 4.7 there is a maximum in the 
formation of I1 and a minimum in the formation of 111. This result could 
be due to  the formation of I1 from 111 at  this pH, so a solution of 111 in 
52.5% ethanol a t  pH 4.7 was saturated with oxygen and assayed at  24,48, 
72,96, and 120 hr. The recovery of I11 was 101, 101,100,100, and 9Wo, 
respectively, which clearly shows that the minimum in the formation of 
111 is not due to its own instability. 


The formation of IV was complex, and no rate constant for the for- 
mation could be measured; however, some idea of the influence of pH 
could he obtained by determining the amount formed during one half-life 
of phenothiazine as a function of pH. Figure 4 shows a maximum in the 


2F t 
k " 20 
J I  


0.2 0.4 
1 - e-kt 


0.6 


Figure 3-Amount of IV formed as a function of time a t  various tem- 
peratures in 52.5% ethanol a t  pH2.8. 


PH 
Figure 4-Amount of IV formed during one half-life of I as a function 
of pH in 52.5% ethanol a t  75'. 


formation at  about pH 3.8. 
Influence of Ethanol ConcentratLon-Table I11 lists the k and k j  


values and the amounts of IV formed during one half-life of phenothiazine 
at  pH 4.7 and 75O as a function of the ethanol concentration. The overall 
disappearance rate decreased with an increasing amount of ethanol in 
the solution, paralleling the decrease in oxygen solubility in the solvent. 
Both k3 and the amount of IV produced increased with increasing ethanol 
concentrations. Above 62% ethanol, all changes were very small. Changes 
in ethanol concentration did not appear to alter significantly the amount 
of 111, the major degradation product, formed. 


These results show that I1 and 111 are formed from I by parallel reac- 
tions but do not elucidate the mechanism for the formation of the dimer. 
The dimer can he formed by at  least two mechanisms: a coupling between 
I and I1 and a dimerization of I and its subsequent oxidation. An attempt 
to elucidate the total mechanism of degradation is reported in a com- 
panion paper (16). 


Degradation of V-Under all conditions studied, V appears t o  de- 
grade by a first-order process. Compounds I1 and VI, the only degradation 
products, seem to appear by parallel reactions. Treating the kinetic data 
as described for I gives the rate constants for the degradation of V ( k )  and 
for the formation of I1 (k3 )  and VI ( k s )  in 52.5% ethanol a t  pH 4.7 (Table 
IV). The pH has no influence on the degradation rate of V but does in- 
fluence k~ and k s  and thus the relative amounts of degradation products 
formed (Table V). 


Scheme I gives a probable mechanism for the degradation of V. It is 
oxidized in two steps to the phenazothionium ion that exists in two 
mesomeric forms, VIIIa and VIIIb, which hydrolyze to VI and 11, re- 
spectively. No hydrogen ions are involved in the formation of VIII from 
V, so the degradation is pH independent (Table V) and there is probably 
no general acid-base catalysis. The hydrolysis of the ion VIIIa to VI, 
however, is reversed by hydrogen ions. Therefore, a t  lower pH values, 
some I1 is formed; hut a t  pH 6.9, this amount was negligible. Table V 
shows that a t  pH 1.7 less 11 is formed than at  pH 3.8; however, I1 is un- 
stable a t  the lower pH. 


At the lower pH, a small amount of 7-hydroxy-3H-phenothiazine-3- 
one is formed. The energy of activation for the degradation of V is 16.9 


Table 111-Rate Constants for the  Degradation of I (k) and  the  
Appearance of I1 (k3) a n d  the  Amounts of IV Formed during One 
Half-Life of I at 75" at uH 4.7 at Various Ethanol Concentrations 


Ethanol, 
% k ,  hr-I X 10" k:<, hr-I X loS IV, pglml 


47.5 17.4 
52.5 9.08 
62.0 6.40 
72.7 6.19 


3.31 
2.00 
1.60 
1.55 


11.3 
16.2 
34.5 
32.5 


Table IV-Rate Constants for t he  Degradation of V and  the  
Appearance of TI (ks) and VI (ks) in  52.5% Ethanol at pH 4.7 - 


Temperature, 
"K k ,  hr-' X lo4 k 3 ,  hr-' X lo4 125, hr-I X lo4 


353 
348 


358 14.3 7.1 7.2 
10.6 4.5 6.1 
7.5 2.9 4.6 


343 5.1 1.4 3.7 
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Table V-Rate Constants for the Degradation of V and the 
Appearance of 11 (k3) and VI ( k ~ )  in 52.5% Ethanol at 85” 


pH k ,  hr-I X lo3 k3, hr-I X lo3 ks, hr-I X 10’ 


1.7 1.37 0.58 0.79 
3.8 1.30 0.75 0.55 
4.7 1.43 0.70 0.73 
6.9 1.27 - 1.27 


kcal/mole; for the formation of VI and 11, it is 10.3 and 26.7 kcal/mole, 
respectively. This large difference results because VIIIb is much less 
favored than VIIIa, as in the degradation of I. 


Comparison of the rate constants for the degradation of I and V under 
the same conditions shows that V is less easily oxidized. This finding is 
unexpected because the introduction of a methyl group should increase 
the electron density in the ring system and, therefore, favor the loss of 
an electron. This explanation can be a steric effect. Phenothiazines are 
bent around the nitrogen-sulfur axes (171, resulting in two possihle 
conformations. In one conformation, the lone pair on the nitrogen can 
easily interact with ?r electrons of the ring system; in the other, the lone 
pair is forced outside the system. In I itself, the configuration is such that 
interaction is possible; however, in V, the lone pair is forced outside the 
system. The methyl group thus decreases the electron density in the ar- 
omatic system and increases the stability. 
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Mechanism for Phenothiazine Oxidation 


H. ROSEBOOM” and J. H. PERRIN* 


Abstract The mechanism of phenothiazine degradation was studied 
by following the degradation of 3,lWdiphenothiazine in ethanol-water 
mixtures as well as the electrochemical oxidation of phenothiazine. A 
mechanism, including the formation of an oxidized dimer and some 
polymers, is suggested. 


Keyphrases Phenothiazine-electrochemical oxidation degradation 
in ethanol-water mixtures, mechanism suggested 0 Oxidation-phe- 
nothiazine degradation in ethanol-water mixtures, mechanism suggested 


Degradation-phenothiazine in ethanol-water mixtures, mechanism 
suggested 


EXPERIMENTAL 


Materials-All materials were as previously described (2). 
Phenothiazine (I) Oxidation in Presence of 3H-Phenothiazine- 


3-one (MI)-In a mixture of ethanol and water buffered with sodium 
acetate and hydrochloric acid, 500 pg of I/ml and 50 pg of VWml were 
dissolved. The solutions were saturated with oxygen, placed in screw- 
capped bottles, and stored in the dark a t  75”. The solutions were assayed 
for I, VII, and XIV as described previously (10). 


Oxidation of 3,10‘-Diphenothiazine (1Xb)-Solutions of 100 pg of 
IXb/ml were prepared and stored as described. The solution was ex- 
tracted with carbon tetrachloride; the products were separated by TLC, 
using silica gel GFz54 and developing with ether-petroleum ether (1:2). 


The isolation and identification of Some degradation 


as were the kinetics Of the Oxidative degradation in an 
acidic medium (2). The degradation has been the subject 
of many investigations (3-9); however, no definite me&- 
anism was established, particularly since 7- ( 10!-phe- 


as a degradation product until recently (1,2). 
In this paper, further experiments to elucidate the 


mechanism of formation of 7 4  lO’-phenothiaziny1)-3H- 
phenothiazine-3-one (XIV) are described, and a mecha- 


The products were assayed as described previous& (10). 
Electrochemical Oxidation of I-After dissolving 100 pg of Ilml in 


curve] was recorded at various pH values, using a rotating platinum 
electrode and a silver-silver chloride reference electrode. Then 1 was 
oxidized at a constant potential2, using a platinum working and auxiliary 
electrode and a silver-silver chloride reference electrode. The potential 
of the working electrode was 400 mv throughout this study. 


it. After completion of the reaction, the solution was allowed to stand in 
the dark in a nitrogen atmosphere until a permanent color was obtained. 


products Of phenothiazine were described previously (l), the buffered ethanol-water and flushing with nitrogen, a curren&vo~~ge 


nothiaziny1)-3H-phenothiazine-3-one was not recognized The solution was stirred by bubbling nitrogen continuously through 


Polarograph 44 s, Bruker, Brussels, Belgium, 
nism for the overall oxidation is proposed (Scheme I). 2 Potentiostat PRT 10-05, Tacussel, Villeurfanne, France. 
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quent ultrasonication were necessary to effect complete dissolution of 
diphenoxylate hydrochloride in chloroform prior to automated analysis. 
In addition to hastening tablet dispersion, the water retains atropine 
sulfate and water-soluble excipients, which are subsequently separated 
from the chloroform solution. 


Bromphenol Blue Dye Solution-The pH of the dye solution pre- 
pared as specified is approximately 3.4. The effect of the pH of the dye 
solution on the color intensity of the resultant diphenoxylate-dye com- 
plex was investigated. The intensity was fairly constant between pH 2 
and 4, with a maximum at  pH 3-3.5. Above pH 4, the intensity decreased 
rapidly. 


The concentration of the dye required in the solution was similarly 
determined by incrementing the weight ratio of dye to diphenoxylate 
hydrochloride until a constant color intensity was attained for the re- 
sultant complex. The amount of dye specified in the solution prepared 
for the assays is an excess of about twice that needed to react completely 
with the anticipated concentration of drug. 


GLC-The collaborative study of the GLC method for atropine (1 1) 
cited references to reports of injection site decomposition. However, the 
authors of the collaborative study did not observe decomposition, which 
they attributed to the use of commercial silanized glass wool. GLC de- 
composition of the atropine was observed in the present study, even when 
using silanized glass wool, if an excessive amount of wool was placed in 
the injection site end of the column. The decomposition was evidenced 
by the appearance of one or more small peaks preceding the atropine and 
homatropine peaks. By using very little glass wool or none at  all, the de- 
composition problem can be avoided. 


Linearity Studies-The standard curve prepared for the GLC de- 
termination of atropine was linear over the range of standard concen- 
trations specified. 


Conformity to Beer’s law was observed when concentrations of di- 
phenoxylate hydrochloride introduced into the automated system were 
varied from 70 to 150% of the tablet dosage level. The manual dye com- 
plexation procedure also provided linear absorbance readings when the 
drug concentrations were varied from 50 to 150% of the level anticipated 
in solution sample extracts. 


Synthesis and Anticancer Activity of 
Novel Cyclic N-Hydroxyureas 


J. T. CHOU, W. T. BECK*, T. KHWAJAt, 
K. MAYER, and E. J. LIENX 


Abstract To overcome the disadvantages of hydroxyurea in anticancer 
therapy such as fast biotransformation and low potency, five cyclic N -  
hydroxyureas were synthesized. A new reaction was developed to prepare 
the desired products from the appropriate alkyl w-haloalkylcarbamates 
with hydroxylamine. This reaction probably involves a two-step mech- 
anism: nucleophilic substitution and intramolecular cyclization. The 
anticancer screening tests of these compounds were done both i n  uitro 
using tissue culture and i n  uiuo. One compound, l-hydroxy-1,3-diaza- 
cyclohexan-2-one, had anticancer activity comparable to hydroxyurea 
both i n  uiuo and i n  uitro. 


Keyphrases 0 N-Hydroxyureas, cyclic-various derivatives synthe- 
sized, anticancer activity evaluated 0 Anticancer activity-various cyclic 
N -hydroxyureas evaluated 0 Structure-activity relationships-various 
cyclic N-hydroxyureas evaluated for anticancer activity 
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droxyurea is a simple organic compound currently used as 
a cancer chemotherapeutic agent in the treatment of 
chronic myeloid leukemia and in the management of ma- 
lignant melanoma, head and neck cancers, and brain tu- 
mors concomitantly with X-ray therapy (7,8). 


Hydroxyurea immediately inhibits DNA synthesis (S 
phase) in various systems without any or with slight effect 
on the synthesis and metabolism of RNA and protein (9, 
10). Hydroxyurea-induced inhibition of DNA synthesis 
is due primarily to interference with the biosynthetic re- 
duction of ribonucleotides to deoxyribonucleotides by 
inhibition of the enzyme ribonucleotide reductase (11). 
This inhibition blocks the formation of deoxyribonucleo- 


sarcoma 180 (2) and RC mouse mammary carcinoma (3) 
in mice, i t  demonstrated antitumor activities against 
cancers such as L-1210, Walker carcinoma, P-388 reuke- 
mia, and B16 melanoma in mice (4-6). Clinically, hy- 
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Table I-Physical Properties of Cyclic N-Hydroxyureas 


Melting Pointa Yieldb, Analysis, %c 


Compound Formula (Corrected) % Calc. Found 


176.0-177.5" 18.5 C 41.37 41.98 
H 6.95 6.94 
N 24.02 24.12 


Vb C5HlON202 115.0-117.0° 10.1 C 46.14 46.47 
H 7.75 7.52 


21.83 N 21.52 
v c  C6HizNz0z 69.0-71.0° < 2  C 49.98 50.26 


H 8.39 8.67 
N 19.43 19.21 


VI C4H7N303 95.0-37.0" 45.7 C 33.10 32.87 
4.86 


N 28.96 29.14 
VII CsHgNOz 42-44' 16.5 C 52.16 50.71 


7.89 H 7.88 
N 12.17 11.91 


dec. H 5.53 


a Melting points were determined using a Thomas-Hoover capillary melting-point apparatus, Arthur H. Thomas Co., Philadelphia, Pa. b The percentage yield of the 
final step. C Performed by C. F. Geiger, Ontario, Calif. 


as an anticancer drug. It has low toxicity (12), and no car- 
cinogenicity or mutagenicity has been reported1 (13-18). 
The disadvantages of hydroxyurea are that frequent rel- 
atively high doses are needed and rapid biotransformation 
occurs. The rapid elimination from the body and short 
half-life (19-22) are due to its high polarity (water solu- 
bility) and rapid hydrolysis. Some side effects such as GI 
disturbance and bone marrow depression were observed 
(4,21). 


Since medium size cyclic compounds (five- to seven- 
membered rings) are usually more resistant to hydrolysis 
than open-chain compounds because of the blockade of 
nucleophilic attack and since cyclic N-hydroxyureas 
should be more lipophilic than hydroxyurea itself, the 
cyclic N-hydroxyureas possessing the essential pharma- 
cophore [C(=O)NOH] (23) may have higher intrinsic ac- 
tivity and a longer duration of action than hydroxyurea. 
This paper reports the results of such an investigation. 


EXPERIMENTAL 


Synthesis-The synthesis of six-membered cyclic N-hydroxyureas 
involved a multiple-step reaction (Scheme I). The primary amines (11, 


0-15" 11 


kl 
HCI GIcoO%, NaOH 


n-1.50 
X(CH,),NHR, - X(CH,),NHR,-HCl 


1 W. F. Benedict, Childrens Hospital, Los Angeles, Calif., personal communica- 
tion. 


X = chloro or bromo) were obtained commercially, but the required 
secondary amines (111) were prepared from the corresponding primary 
amines (24,25). The intermediate carbamates (IV, Rz = methyl or ethyl) 
were prepared by the method of Hartman and Brethen (26). 


Six-membered cyclic N'-nitroso-N-hydroxyurea (VI) was synthesized 
by the nitrosation of the parent compound (Va) (27,28) (Scheme 11). The 
N-hydroxylactam, l-hydroxy-5-methyl-2-pyrrolidinone (VII), was 
prepared by the reductive cyclization (29) from methyl 4-nitropentanoate 
(Scheme 111). The identities of the desired products were unequivocally 
established by IR, NMR, and elemental analyses (Table I). 


General Procedure for Carbarnates (1V)-Fifty grams (0.38 mole) 
of 3-chloropropylamine hydrochloride was dissolved in 120 ml of distilled 
water in a 500-ml, three-necked, round-bottom flask equipped with a 
magnetic stirrer. The solution was cooled too" in an ice bath with stirring. 
Sodium hydroxide, 30.7 g (0.68 mole), was dissolved in 30 ml of distilled 
water and cooled to 0'. The base solution was added to the amine solution 
slowly, and the temperature was kept a t  around 5". Then 41.6 g (0.38 
mole) of ethyl chloroformate was added slowly to maintain the reaction 
mixture between 5 and 15" over 45 min. 


Stirring was continued for 2 hr at the ice-bath temperature and then 
for 2 hr a t  room temperature. Two layers separated upon standing. The 
organic layer (upper layer) was separated from the aqueous phase. The 
aqueous phase was extracted with 50 ml of chloroform three times. These 
chloroform extracts were combined and evaporated to dryness under 
reduced pressure, and the residue was combined with the organic phase. 
Ethyl N-3-chloropropylcarbamate was purified by fractional vacuum 
distillation. 


Other intermediate carbamates also were prepared by the same pro- 
cedure. 
l-Hydroxy-1,3-diazacyclohexan-2-one (Va)-Fifty-seven grams 


(0.82 mole) of hydroxylamine hydrochloride was dissolved in 100 ml of 
distilled water in a 1-liter, three-necked, round-bottom flask equipped 
with a magnetic stirrer, and the solution was cooled to 0". The sodium 
hydroxide solution was added to the hydroxylamine hydrochloride so- 
lution slowly to keep the temperature at around 5". Then 83.4 g (0.55 
mole) of methyl N-3-chloropropylcarbamate was added with vigorous 
stirring. The reaction mixture'was kept a t  0" for 2 hr, heated to 70" 


Vu + HCl f NaNO, fl 
HON NNO 


0 
K 


CH3 0 
I I1 


VI 
Scheme II 


CH3 0 
I II 


NO&HCH2CH&OCH, 


0 
VII 


Scheme III 
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Table 11-Effect of V, against Lymphoid Leukemia L-1210 in BDFl Female Mice" 
Mean Survival 


Treatment (days), Survival Range, Weight Change on 
(Intraperitoneal) TreatedKontrol days Day 5, g T/C 


V a  
1000 mg/kg, qd (1-9) 
1500 mg/kg, qd (1-9) 
3000 mg/kg, qd (1-3) 


13.17/8.40 
13.50/8.40 
14.5019.67 


13-14 
13-15 
14-15 


-0.17 
-1.00 
-5.50 


1.57 
1.61 
1.506 


I 
1000 mg/kg, qd (1-9) 15.17/8.40 15-16 -0.50 1.81 
3000 mg/kg, qd (1-3) 14.00/9.67 14c -5.50 1.45b 


0 Work performed at the Animal Tumor Research Facility of the LAC-USC Cancer Center. Groups of six animals were given lo5 cells each intraperitoneally on Day 
0. Drug treatment was started 24 hr after the transplants. Controls (lo) received only isotonic sterile saline. * Two animals per treated group and six animals per control 
group were used because of the limited amount of Va available. One animal died on Day 3 postinjection. 


continuously for 18 hr over a water bath, and then cooled to 0"; the pH 
was adjusted to 4-5 by using concentrated hydrochloric acid. 


For the removal of inorganic salts, the reaction mixture was poured 
into 1.5 liters of absolute ethanol at 60" and kept at this temperature for 
15 min. This mixture was left in the refrigerator overnight and filtered. 
The filtrate was evaporated to dryness i n  uacuo, and a viscous liquid was 
obtained. Dry column chromatography (30) was used to isolate the de- 
sired product. The syrupy liquid was dissolved in a minimum amount 
of absolute ethanol and passed through a column packed with silica gel2. 
The gradient elution technique was used from pure chloroform to 40% 
ethanol in chloroform. 


Silica gel thin-layer plates3 were used for the detection of the content 
of each fraction. The desired product was obtained from a 10% ethanol 
in chloroform elution after the solvent was evaporated. Slightly pink- 
colored crystals were obtained and recrystallized from absolute etha- 
nol. 
l-Hydroxy-3~methyl-1,3-diazacyclohexan-2-one (Vb)-This 


compound was prepared by the same procedure as V a ,  except that it was 
obtained from dry column chromatography using 5% ethanol-chloroform 
for elution. It was also recrystallized from absolute ethanol. 


1 -Hydroxy-3-ethyl-l,3-diazacyclohexan-2-one (Vc)-This com- 
pound was prepared by the same procedure as V a ,  except that the desired 
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DAYS AFTER ADDING DRUG 
Figure 1-Growth curue of 3T3 cells with and without drugs. T h e  dead 
cells did not adhere to the plate and were washed out before counting. 
Key: --, I;  and - - -, Va. 


2 Woelm dry-column chromatography, ICN. 
Eastman Kodak. 
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product was obtained after passage through three columns. It eluted with 
pure chloroform from the first silica gel column. It also eluted with pure 
chloroform from the second alumina column. Finally, it eluted from the 
third silica gel column when 60% chloroform in hexane was used. It was 
analytically pure without further recrystallization. 
l-Hydroxy-3-nitroso-1,3-diazacyclohexan-2-one (V1)-To a so- 


lution of l-hydroxy-1,3-diazacyclohexan-2-one (7 g, 60 mmoles) in dilute 
hydrochloric acid at  0" was added a solution of sodium nitrite (4.4 g, 63 
mmoles) slowly, with stirring, for 2 hr. The mixture was then left in a 
freezer for 2 hr. The solid residue was filtered and washed with cold water. 
The yellow residue was collected and dried i n  uacuo at 60" for 4 hr. 


1 -Hydroxy-5-methyl-2-pyrrolidinone (VI1)-In a 150-ml round- 
bottom flask, 10.2 g (63.3 mmoles) of methyl 4-nitropentanoate and 3.4 
g (63.3 mmoles) of ammonium chloride were dissolved in 80 ml of 50% 
ethanol. Zinc dust, 15.9 g (242.7 mmoles), was added slowly to this mix- 
ture over 20 min with stirring. The mixture was cooled in an ice bath for 
30 min with continuous stirring and then heated over a water bath at 40" 
for 4 hr. It was then filtered, and the filtrate was evaporated to a viscous 
liquid under reduced pressure. This syrupy mixture was dissolved in 30 
ml of 2 N HCl and then extracted with 50 ml of chloroform three 
times. 


The extract was evaporated to dryness using a rotary evaporator. The 
residue was dissolved in a small amount of chloroform and passed through 
a silica gel column. Chloroform was used as an eluent. All ferric chlo- 
ride-positive fractions were chromatographed on silica gel TLC plates. 
All TLC-identical fractions were combined and extracted with chloro- 
form; the solvent was evaporated under reduced pressure. The residue 
was further purified by the sublimation technique. 
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DAYS AFTER ADDING DRUG 
Figure 2-Growth curue of H-35 cells with and without drugs. The  dead 
cells were washed out and not counted. Key: --, I ;  and - - -, Va. 







Table 111-Effect of Cyclic N-Hydroxyureas against Lymphoid 
Leukemia L-1210 (Intraperitoneal) in  CDFl Female Mice” 


Mean Weight 
Survival Change 
(days), on- 


Treatment Treated/ Day 5, 
(Intraperitoneal) Control g T/C 


Va 
400 mghg, q4d (1,5,9) 9.3/8.3 -1.4 1.12 
200 mg/kg, q4d (1,5,9) 8.3/8.3 -0.4 1.00 
100 mg/kg, q4d (1,5,9) 8.7/8.3 -0.2 1.04 


600 mdke. ad (1-7) 9.0/9.0 -1.1 1.00 
Vb 


300 mg/kg; {d (1-7j 9.0/9.0 -0.5 1.00 
150 mg/kg, qd (1-7) 8.5/9.0 -0.3 0.94 
75 mg/k qd (1-7) 8.3/9.0 -0.2 0.92 
37.5 mgkg, qd (1-7) 8.3/9.0 -0.3 0.94 
National Cancer Institute supplied data. 


In Vitro Anticancer Screening Tests4-The inhibition of cell 
growth of one fibroblastic and two tumor cell lines in tissue culture was 
used for in uitro tests. The cell lines were BALB/c 3T3 mouse embryo 
fibroblasts clone 42, Reuber H-35 rat hepatoma, and human Wilms’ 
tumor cells. 


BALB/c 3T3 mouse fibroblasts were grown in Dulbecco’s modified 
minimal essential medium (MEM) supplemented with 10% calf serum. 
The H-35 cells were grown in Eagle’s minimal essential medium sup- 
plemented with sodium pyruvate, fourfold amino acids, vitamins, and 
13% heat-inactivated fetal calf serum. Human Wilms’ tumor cells (TuWi) 
were grown in medium 199 supplemented with 5% calf serum and 5% 
heat-inactivated fetal calf serum. 


All cells were grown in 60- X 15-mm plastic dishes in a humidified in- 
cubator in an atmosphere of 95% air-5% COn at  37’. Drug solutions were 
added to the cells at the beginning or in the middle of the logarithmic 
growth phase. Following a saline wash and mild trypsinization, the total 
cells per dish were counted with a hemocytometer under the microscope 
each day during the experimental period (Figs. 1-3). 


Calculation of pISo-The 150 is the molar concentration of the drug 
that inhibits 50% of normal cell growth. The IsO’s were calculated from 
the best-fit regression equations derived via the method of least squares 
using the probit-log of the concentration method (31). The value Of p150 
is equal to -log 150. The larger the p150 is, the more potent the drug is. 


In Vivo Anticancer Screening Tests-For in uiuo studies, animals 
were obtained commercially5. The L-1210 leukemia6 was maintained by 
serial transplants in DBAI2 mice. The in uiuo anticancer screening tests 
were performed according to the National Cancer Institute screening 
protocol (32) (Tables I1 and 111). 


I Control 


s 
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DAYS AFTER ADDING DRUG 


0 1 2 3 


Figure 3-Growth curve of Wilms’human tumor cells with f- - -) and 
without (-) the drug (Va). 


4 All growth media were purchased from Grand Island Biological Co., Santa Clara, 


5 Simenson Laboratories, Gilroy, Calif. 
6 From Dr. G. R. Laster, Jr., Southern Research Institute, Birmingham, Ala. 


Calif. 


Table IV-In Vitro Inhibition of BALB 3T3 Fibroblast Cell 
Growth by I and V a  


pko f SE 
Day I Va 


1 
2 
3 


4.61 f 0.82 
4.70 f 0.37 
4.72 f 0.25 


3.66 f 0.85 
4.01 f 0.29 
4.31 f 0.29 


APT50 
(Day 3 - Day 2) 0.02 0.30 


RESULTS AND DISCUSSION 


After many unsuccessful trials, the desired products were finally ob- 
tained by a new reaction. This reaction may involve a two-step mecha- 
nism (29,33): (a)  nucleophilic substitution (Scheme IV) and (b) intra- 
molecular cyclization (Scheme V). The yield decreases as the alkyl group 
becomes bulkier, primarily due to the steric hindrance that decreases or 
prevents the cyclization (Table I). 


Compound VII was synthesized by reductive cyclization, i.e., reduction 
of NO:! to NHOH, followed by intramolecular cyclization (Scheme 
VI). 


The growth curves of three cell lines with or without the drug are shown 
in Figs. 1-3. The ~150’s for hydroxyurea and cyclic N-hydroxyureas are 
shown in Tables IV-VII. Morphologically, there is no difference between 
control cells and drug-treated cells in these three cell lines examined 
under the microscope. 


These drugs were added to the logarithmic growth phase (Figs. 1-3) 
either at the beginning or the middle of this phase. However, if the cells 
in the plateau or other nondividing phase are used, the accuracy in as- 
sessment of antitumor activity becomes difficult (34). In the present 
experiments, the cell number declined 2 or 3 days after the drug solutions 
were added to the cells, indicating drug cytotoxicity. Hydroxyurea and 
the cyclic N-hydroxyureas were more cytotoxic toward fast growing cells 
such as H-35 and 3T3 cells than toward slower growing cells such as the 
Wilms’ tumor line, as indicated by the lower p150 against TuWi cells. 


Compound Va was comparable to hydroxyurea in cytotoxicity on H-35 
and 3T3 cells, as indicated by the close pIS0 values. From Tables VI and 
VII, one can see a more favorable ApISO value, reflecting greater stability 
or persistence of cytoxicity of the cyclic compounds. 


0 0 
II NaOH I1 


X(CHZXNCOR2 + NHZOH‘HCI - HON(CHZ),NCOR, 
1 H I t  R, 
R, 


Scheme I V  


Scheme V 


CH, 0 
NO,CHCH,CH.&OCH, I II 


\ 
CH, 
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Table V-In Vitro Inhibition of Rat H-35 Hepatoma Cell Growth 
by Hydroxyurea and Cyclic N-Hydroxyureas” 


Table VII-In Vitro Inhibition of Wilms’ Human Tumor Cell 
Growth by Hydroxyurea and Cyclic N-Hydroxyureas 


pIsn 
Compound Day 1 Day 2b Day 3b 


I Z 3  3.97 f 0.32‘ 4.56 f 0.32c 
Va -3 3.33 f 0.36 4.05 f 0.35 
Vb <3 3.29 f 0.49 3.89 f 0.39 


APho 
PI50 (Day 3 


Compound Day 1“ Day 2“ Day 3“ - Day 2) 
I b  <3 4.29 f 0.88 3.77 f 0.38 -0.52 


Vkb <3 2.48 f 3.32 2.52 f 1.12 0.04 
VI <3 3.01 f 1.13 3.70 f 0.84 0.69 
VaC <3 <3 ~3.00 - vc  <3 2.96 f 0.86 3.14 f 0.63 


VI <3 3.35 f 0.52 3.61 f 0.43 
VII <3 2.43 f 0.71 3.18 f 0.58 


a The pImvalues were obtained from the same experiment. * Days after adding 
the drugs. Standard error. 


Two cyclic compounds, Va and Vb, tested by the National Cancer 
Institute, were not active against L-1210 at  dose levels up to 400 and 600 
mg/kg, respectively. Nevertheless, in this study Va a t  a dosage of 
1000-3000 mg/kg (Table 11) showed a highly significant activity against 
leukemia L-1210; this activity was comparable to hydroxyurea used as 
a positive control. Even though hydroxyurea itself was reported to be very 
active against L-1210 i n  uiuo (5), it is known that the effectiveness of 
hydroxyurea is highly schedule dependent (35). Perhaps these new cyclic 
N-hydroxyureas (Va and Vb) are also schedule dependent. The dose 
regimen used by the National Cancer Institute might not be frequent 
enough to show a definite anticancer activity. 


Compound Va had comparable cytotoxicity in uitro and similar anti- 
cancer activity i n  uiuo as compared to hydroxyurea. However, the nega- 
tive results found by the National Cancer Institute appear to be due to 
the use of a suboptimal dose regimen. The other cyclic N-hydroxyureas 
apparently are less cytotoxic than either hydroxyurea or Va. Hydroxyurea 
always showed a lower ApI50 (Day 3 - Day 2) than the cyclic compounds 
(Tables IV, VI, and VII), reflecting the better persistence of the cyclic 
compounds under the testing conditions used. 


A positive correlation between the log of molecular weight (mol. wt.) 
and the potency of several series of clinically used drugs, including an- 
ticancer drugs, was shown recently (35). The best-fit regression line for 
15 different anticancer drugs was derived by using simple regression 
analysis. The equation is: 


log l/c = 3.411 log mol. wt. -2.559 


n = 15, r = 0.786, s = 0.837 (Eq. 1) 


That is, the higher the molecular weight, the more potent the drug will 
be if the molecule fits into the receptor site and if the drug is active. 


The optimal lipophilicity, as expressed by the logarithm of the l-oc- 
tanol-water partition coefficient (log P )  of some anticancer drugs in an 
animal study, lies between 1 and -1 and the optimal log P’s for different 
series of anticancer drugs are different (36,37). The parent compound 
(Va) of cyclic N-hydroxyurea is more cytotoxic than the N’-methylated 
derivative (Vb), and Vb is more cytotoxic than the N’-ethylated deriv- 
ative (Vc). These findings reflect a negative dependence on the lipophi- 
licity and may indicate that hydrophilic character is necessary to have 
higher cytotoxicity for this series of compounds. In other words, the 
benefit derived from the greater stability of the cyclic structure may be 
offset by the undesired higher lipophilicity. Alternatively, there may be 
a very restricted bulk tolerance on the N’-substituent. 


From this limited amount of information and previous findings (35), 


Table VI--In Vitro Inhibition of Hepatoma H-35 Cell Growth by 
I and V a n  


p150b f SE 


3.51 f 0.59 
2.87 f 2.28 - 
3.23 f 0.46 __ 
4.52 f 0.68 


3.80 f 0.52 


4.63 f 0.43 
3.43 f 0.61 - 


3.51 f 0.35 


4.14 f 0.52 - 


3.80 f 0.34 


4.24 f 0.35 
- - 


4.06 f 0.27 
API50 


(Day 3 - Day 2)c +0.29 -0.18‘ 
Different experiments from Table V. The PI% values were obtained from three 


different experiments. Calculated from only one experiment. 


Days after adding the drug. The p150value of these compounds were obtained 
from the same experiment. C The pI50 value was obtained from a different experi- 
ment. 


it appears that the N-hydroxyurea derivatives with substantially higher 
molecular weights and polar functional groups to maintain low lipophi- 
licity (log P )  may be worth pursuing. 
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In Vitro Photodecomposition of Uric Acid in 
Presence of Riboflavin I1 


JEROLD NEWBURGER", ALAN B. COMBS, and TING-FENG HSU 


Abstract fl In uitro studies on the photodecomposition of uric acid in 
the presence of the monosodium salt of riboflavin 5'-phosphate in buffers 
at various pH values, in methanol, and in human plasma are reported. 
The decomposition rate increased with increasing pH and was inde- 
pendent of solvent or buffer species. The mechanism appears to be an 
energy transfer process involving triplet riboflavin and singlet oxygen. 
Riboflavin-enhanced photodecomposition of uric acid occurred in uitro 
in hyperuricemic human plasma. 


Keyphrases 0 Uric acid-in uitro photodecomposition in presence of 
riboflavin, effect of pH and solvent 0 Riboflavin-effect on in vitro 
photodecomposition of uric acid, various pH's and solvents Photode- 
composition-uric acid in presence of riboflavin, effect of pH and solvent 
0 Vitamins-riboflavin, effect on in vitro photodecomposition of uric 
acid, various pH's and solvents 


The successful phototherapy of psoriasis was reported 
using methoxsalen and longwave UV light (l), and pho- 
totherapy alone was used to treat neonatal hyperbiliru- 
binemia (2-4). Riboflavin was reported to enhance bili- 
rubin photocatabolism in rats (5). 


Recently, an in vitro photodecomposition of uric acid 
was observed in the presence of the monosodium salt of 
riboflavin 5'-phosphate (I) and visible light in aqueous 
solutions (6). Increasing the I concentration appeared to 
increase the disappearance rate of uric acid. The addition 
of potassium iodide (10-3 M) to the reaction mixture re- 
tarded photodecomposition. 


Because of the potential clinical importance of this ob- 
servation (treatment of hyperuricemia), experiments were 
undertaken to characterize the pH dependence of the re- 
action and to determine if the reaction would proceed in 
a nonaqueous solvent, if the reaction was oxygen depen- 
dent, and if photodecomposition would occur in vitro in 
human plasma. 


EXPERIMENTAL 


The irradiation light box used standardized test tubes distributed 
radially at equal distances (approximately 26 cm) measured from the 
center of the test tubes to the center of a vertically positioned, unfiltered 
15-w fluorescent bulb' emitting visible light. The inside of the apparatus 
was painted flat black to reduce any internally reflected light, and the 
outside was draped with black cloth to eliminate external light. The light 
intensity was monitored using a light meter placed underneath a test tube 
and was held constant using a transformer2. 


The light intensity was approximately 40 foot-candles for all experi- 
ments, except the plasma study performed at approximately 50 foot- 
candles. Test tubes used for the irradiation? were standardized ( f2%)  
by measuring" the absorbance of a 9.7 X M aqueous I solution at 450 
nm. 


All solutions were prepared using deionized water, except for the 
methanol studies, and stock solutions of uric acid and riboflavin were 
prepared fresh daily. Irradiation, spectrophotometric analysis5, and all 
sample preparation were performed in a darkened laboratory. Plasma 
samples, analyzed by high-pressure liquid chromatography (HPLC), were 
kept in light-resistant containers from which samples were with- 
drawn. 


Reagents-Uric acid6, lithium carbonate6, and the monosodium salt 
of I7 were used as received. All other solvents and reagents were reagent 
grade. 


HPLC System and Conditions-HPLC analysis8 was performed at 
a fixed wavelength of 280 nm, using a stainless steel column (0.61 m X 
2 mm i.d.) packed with an anion-exchange materialg (7). A Sorenson 
phosphate buffer, pH 5.9, was the eluting solution. 


Buffers-Sorenson phosphate buffers of approximately pH 5,6, 7, 
and 8 and a Delory and King carbonate buffer of approximately pH 9 were 


Sylvania F15T8-CW. 


Pyrex No. 9800. 
Coleman Jr. I1 spectrophotometer. 
Beckman model 25 recordin s ectrophotometer. 


* Powerstat type 3PN11688, Superior Electric Co., Bristol, Conn. 


6 J. T. Baker Chemical Co., Pfilipsburg, N.J. 
7 Nutritional Biochemical Co., Cleveland, Ohio. 
a Waters Associates liquid chromatograph model 6000 with Soltec recorder. 
9 VYDAK AM, Catalog No. 301. The Separations Group, Hesoeria, Calif. 
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Figure 2-Effect of intravenous pentazocine (milligrams per kilogram 
shown in the bars) on the pressor responses to I and II. At a dose of 10 
mglkg, pentazocine significantly (S)  potentiated the pressor response 
to I and XI when compared to the control ( C )  a t  p < 0.05. 


times. No autopotentiation was found; in fact, the responses tended to 
decrease after the agonist had been administered several times5. 


Tammisto et al. (6) reported a marked increase in plasma catechol- 
amine levels after an intravenous injection of pentazocine, 1.2 mg/kg, in 
humans. The rise in plasma catecholamine levels was concomitant with 
the rise in blood pressure and heart rate in the same patients. It was 
concluded that the rise in circulating catecholamines was due to pe- 
ripheral release of epinephrine and levarterenol caused by central sym- 
pathetic stimulation by pentazocine. These investigators also suggested 
that the pentazocine-induced increase in plasma catecholamines was not 
due to an inhibition of reuptake or of enzymatic degradation of the cat- 
echolamines since pentazocine did not potentiate the pressor responses 
of exogenous epinephrine or levarterenol. 


The results presented in this study do not agree with those of Tam- 
misto et al. (6). Pentazocine potentiated the pressor responses of exog- 
enous amines. It is tempting to suggest that one possible explanation for 
the pentazocine-pressor amine interaction would be a pentazocine- 


5 Unpublished results. 


induced alteration of the physiological disposition of the neuro- 
transmitters by interaction with the sympathetic nervous system. 


Investigations into the actions of pentazocine on neural function in 
the central nervous system support the hypothesis that pentazocine may 
alter adrenergic function. 


Holtzman and Jewett (7) demonstrated that pentazocine, at  a wide 
range of doses, significantly lowered rat brain norepinephrine and 
theorized that the drop in brain norepinephrine content might be related 
to a pentazocine-induced release of the adrenergic transmitter. Likewise, 
Paalzow et al. (8) reported a drop in rat brain norepinephrine after 
pentazocine treatment. They also showed that pentazocine accelerated 
the depletion of the adrenergic neurotransmitter in the brain after ty- 
rosine hydroxylase or dopamine 8-hydroxylase was inhibited, thereby 
indicating that the turnover of norepinephrine was increased. 
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Synthesis and Hydrolysis of 
Fluorene-9-spiro-2’- (N-aryl-3’,3’-dichloroaziridines) 


MAGID ABOU-GHARBIA and MADELEINE M. JOULLIE 


Abstract 0 The synthesis of eight fluorene-9-spiro-2’-(N-aryl-3’,3’- 
dichloroaziridines) was achieved uia the reaction of dichlorocarbene with 
the appropriately substituted N-fluorenylideneanilines. Hydrolysis of 
the spirofluorenes afforded the corresponding 9-chlorofluorene-9-car- 
boxanilides in excellent yields. 


KevDhrases 0 Fluorene-9-suiro-2’-aziridines. various-svnthesized. 


The synthesis of aziridines from imines has been ac- 
complished either by the reactions of imines with di- 
methylsulfoxonium methylide in dimethyl sulfoxide (1) 
or by the insertion of carbenes in the carbon-nitrogen 
double bond of imines (2 ,3) .  


hydrolyzed to 9-chlorofluorene-9-carboxanilides Aziridines, fluo- 
rene-9-spiro-synthesized, hydrolyzed to 9-chlorofluorene-9-carbox- 
anilides Hydrolysis-various fluorene-9-spiro-2’-aziridines to 9- 
chlorofluorene-9-carboxanilides Spiro compounds-various fluo- 
rene-g-spiro-2‘-aziridines synthesized, hydrolyzed to 9-chlorofluorene- 
9-carboxanilides 


The reaction of N-fluorenylideneanilines (I) with di- 
methylsulfoxonium methylide afforded a mixture of the 
starting imine and fluorenone instead of the expected 
spiroaziridines. However, the reactions of I with dichlo- 
rocarbene, generated by the reaction of chloroform with 
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Table I-N-Fluorenylideneanilines 
Analysis, % Yield, Melting Molecular IR Spectra, 


Compounda R % Point Formula Calc. Found cm-I (C=N) 


Idb C2H5 80 88-89' C2iHi7N C 89.00 89.21 1640 
H 6.04 5.86 
N 4.94 5.15 


Ig Br 100 140-141' C d I z B r N  C 68.27 68.36 
H 3.62 3.58 
Br 23.91 24.13 


1650 


N 4.19 4.15 


H 3.17 3.13 
I 33.29 32.99 
N 3.67 3.64 


Ih I 100 133-135' CigHizIN C 59.85 54.89 1635 


a All compounds were recrystallized from ethanol-chloroform, * N M R  6 1.15-1.45 (t,  3H), 2.55-2.95 (q,2H), and 6.6-8.0 (m, 12H) ppm. 


Table II-Fluorene-9-spiro-2'-( N-aryl-3',3'-dichloroaziridines) 


Analysis, % Com- Yield, Melting Molecular 
pound 96 Point Formula Calc. Found 
IIa 


11bQ 


IIcb 


IId' 


I Ie  


IIf 


IIl? 


IIh 


81 


88 


83 


86 


80 


80 


89 


75 


98-99' CZoH13C12N C 
H 
c1 
N 


135-136' CziHi5C12N C 
H 
c1 
N 


108-109' C21H15C12NO C 
H 
c1 
N 


82-84' CzzH17ClzN C 
H 
N 


111-112' C20H12ClzFN C 
H 
c1 
F 
N 


134-135' C20HizCl~N C 
H ~~ 


c1 
N 


145-147' C20H12BrClzN C 
H 
Br 
ci 
N 


113-115' CzoHl2ClzIN C 
H 


71.01 
3.87 


20.96 
4.14 


71.60 
4.29 


20.13 
3.97 


68.48 
4.10 


19.25 
3.80 


72.13 
4.67 
3.82 


67.43 
3.39 


19.90 
5.33 
3.93 


64.45 
3.24 


28.54 
3.75 


57.58 
2.90 


16.99 
19.15 
3.35 


51.75 
2.60 


71.29 
3.95 


21.28 
4.09 


71.50 
4.26 


19.92 
3.76 


68.62 
4.09 


19.25 
3.81 


72.94 
4.95 
3.87 


67.53 
3.35 


20.10 
5.33 
3.96 


64.69 
3.29 


28.26 
3.79 


57.60 
2.90 


17.10 
19.34 
3.30 


51.47 
2.87 c1 


1 
15.27 15.34 


- 27.34 27.20 
N 3.01 3.07 


(I NMR: 6 2.29 ( s ,3H)  and 6.85-7.85 (m, 12H) ppm. Mass spectrum: M+ 353. 
NMR: 6 3.8 ( s ,  3H) and 6.95-7.9 (m, 12H) ppm. N M R  6 1.1:1.35 (t, 3H), 2.4-2.8 


Only 45% of this material could he isolated (q,2H), and 6.85-7.85 (m, 12H) ppm. 
as a crystalline solid since it becomes an oil on standing. 


potassium tert- butoxide, afforded the corresponding 
spirodichloroaziridines (IIa-IIh) in 75-9W0 yields (Scheme 
I). 


The hydrolysis of IIa-IIh occurred rapidly in boiling 
water to afford 9-chlorofluorene-9-carboxanilides (IIIa- 
IIIh) in excellent yields (Scheme 11). 


EXPERIMENTAL' 


N-Fluorenylideneanilines (1)-These imines were prepared by the 


1 Melting points are uncorrected. IR spectra were recorded on a Perkin-Elmer 
model 137B spectrophotometer calibrated with polystyrene. Samples were deter- 
mined as potassium bromide disks. NMR spectra were determined on a Varian A-60 
spectrometer using tetramethylsilane as an internal standard. Samples were dis- 
solved in deuterochloroform unless otherwise noted. Elemental analyses were 
performed by Midwest Microlab, Indianapolis, IN 46226. Mass spectra were ob- 
tained on a Finnigan model F-3300 with a data system 6000 mass spectrometer, with 
an ionizing potential of 30 ev. 


I 
NH, N 


catalyst & +o- 


I Ia :  R = H  IIe:  R = F  
IIb: R = CH I I f :  R = C1 
IIc : R = OCk, IIg: R = Br 
IId:  R = C , H ,  IIh:  R = I  


S c h e m e  1 


r 2.1 OTH 


0 


IIIa:  R = H IIIe : R = F 
IIIb: R = CH 
IIIc : R = OCk,  IIIg: R = Br 
IIId: R = C , H ,  IIIh: R = I  


I I i :  R = 


Scheme I I  


1654 /Journal of Pharmaceu t i ca l  Sciences 







Table 111-9-Chlorofluorene-9-carboxanilides 
Analysis, % 


Yield, Melting Molecular IR Spectra, cm-I 
Compound % Point Formula Calc. Found (NH and C=O) 


IIIa 100 


IIIb" 100 


IIIcb 88 


IIIdC 93 


IIIe 80 


IIIf 95 


IIIg 89 


IIIh 88 


164-165" 


282-284" 


134-135" 


123-124" 


157-159' 


199-201' 


208-210" 


202-204" 


C 75.11 
H 4.41 
c1  11.08 
N 4.38 
C 75.55 
H 4.83 
c1 10.62 
N 4.19 
C 
H 
c1 


72.10 
4.61 
10.13 


N 4.00 
C 75.96 ~ .. 


H 5.21 
c1 10.19 
N 4.02 
C 71.11 
H 3.87 
c1 10.49 
F 5.62 
N 4.14 
C 67.81 
H 3.64 
CI 20.01 
N 3.95 
C 60.24 
H 3.28 
Br 20.04 
c1 8.89 
N 3.51 
C 53.89 
H 2.93 
C1 7.95 


75.00 
5.00 
10.83 
4.41 
75.47 
4.77 
10.50 
4.08 
72.43 
4.77 
9.98 
4.03 
75.98 
5.13 
10.37 
3.94 
71.16 
3.85 
10.60 
5.73 
4.03 
67.64 
3.76 
19.86 
3.96 
60.34 
3.26 
19.79 
8.73 
3.43 
54.15 
2.99 
7.98 


3300 
1675 


3200 
1660 


3310 
1670 


3250 
1655 


3200 
1650 


3280 
1660 


3280 
1660 


3230 
1660 


I 28.47 28.75 
N 3.14 3.07 


a NMR (dimethyl sulfoxide): 6 2.29 (s, 3H) and 7.15-7.9 (m, 13H) ppm. Mass spectrum: M+ 333. * NMR 6 3.85 (s, 3H) and 6.75-7.8 (m, 13H) ppm NMR 6 1.05-1.35 
(t, 3H), 2.4-2.8 (4, ZH), and 7-7.9 (m, 13H) ppm. 


reaction of fluorenone with the appropriate substituted anilines in the 
presence of either zinc chloride (4) or boron trifluoride etherate ( 5 )  as the 
catalyst. All compounds shown in Table I were prepared using boron 
trifluoride etherate. 
Fluorene-9-spiro-2'-(N-aryl-3',3'-dichloroaziridines) (IIa- 


1Ih)-Dry chloroform (47.8 g, 0.4 mole) was added slowly to a stirred 
slurry of 0.1 mole of the N-fluorenylideneaniline derivative, 60 g (0.5 
mole) of potassium tert-butoxide, and 250 ml of hexane. The reaction 
was stirred a t  room temperature for 16 hr. The mixture was filtered, and 
the residue was collected and washed three times with hot hexane. The 
combined filtrates were concentrated in uucuo to afford a crystalline 
product. The aziridine derivatives were recrystallized from hexane (Table 
11). 
9-Chlorofluorene-9-carboxanilides (IIIa-1IIh)-These com- 


pounds were obtained in excellent yields by allowing the spirodichlo- 
roaziridine derivatives to remain in contact with excess water at 25' for 
24 hr. Compounds IIIa-IIIh were recrystallized from aqueous ethanol 
(Table 111). 
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Preparation of 
Spin-Labeled Opiates: Morphine and Codeine 


JAMES A. CELLA” and JAMES A. KELLEY 


Abstract The preparation of 6-spin-labeled codeine and morphine 
is described. Treatment of either 6-chlorocodide or 8-bromocodide with 
4-amino-2,2,6,6-tetramethylpiperidino- 1 -oxyl free radical in dimethyl- 
formamide afforded 6-spin-labeled codeine. Similar treatment of 6- 
chloromorphide afforded 6-spin-labeled morphine. Exclusive formation 
of the 6-isomer in these reactions is explained by halide-ion-catalyzed 
isomerization of the 6-halo opiate to the 8-halo isomer followed by a 
normal S N ~ ‘  displacement of the halogen. Both spin-labeled compounds 
displayed weak in uiuo analgesic activity and did not bind appreciably 
to receptors in brain homogenate. 


Keyphrases Spin-labeled opiates-morphine and codeine labeled 
in 6-position, effect on binding to brain receptors and analgesic activity 
0 Morphine-spin labeled in 6-position, effect on binding to brain re- 
ceptors and analgesic activity 0 Codeine-spin labeled in 6-position, 
effect on binding to brain receptors and analgesic activity 0 Opiates- 
morphine and codeine, spin labeled in 6-position, effect on binding to 
brain receptors and analgesic activity Analgesics, narcotic-morphine 
and codeine, spin labeled in 6-position, effect on binding to brain re- 
ceptors and analgesic activity 


In numerous attempts to identify and characterize the 
opiate receptor (1-4), the binding characteristics of 
pharmacologically active and inactive isomers were com- 
pared or the reduced agonist binding in the presence of 
antagonists was noted using radiolabeled opiates with high 
specific activity. The spin label method (5, 6) is an at- 
tractive alternative to the radioisotope method for 
studying this drug-receptor interaction in uitro, since it 
obviates the need for separating bound from unbound 
drug. A preliminary report demonstrated the feasibility 
of this method (7). 


DISCUSSION 


Essential to the success of this approach is the requirement that  the 
nitroxide label not constitute a significant perturbation to the interaction 
of the drug with its receptor. As such, the label should be attached to a 
pharmacologically unimportant position in the drug molecule. For pur- 
poses of stability, the label should be covalently attached to the drug uia 
a linkage resistant to hydrolytic enzymes and inert to aqueous media at 
physiological pH. Finally, it is desirable, although not essential, that the 


nucleophilic nucleophilic 4 spin label % /@ spin label 


X 


/j$ nucleophilic %[# 
spin label nucleophilic 


spin label 
Scheme 1 


labeled drug possess biological activity similar to that of the parent 
drug. 


With these requirements in mind, the preparation of spin-labeled 
derivatives of morphine and codeine suitable for the in oitro study of the 
interaction of these drugs with possible receptors was attempted. 


The hydroxyl group a t  the 6-position of morphine and codeine ap- 
peared to offer a suitable point for attachment for the spin label, par- 
ticularly in view of the relative unimportance of this position in the 
pharmacological activity of these drugs (8,9). However, the steric inac- 
cessibility of this alcohol (10 , l l )  precluded all attempts to alkylate a t  
this position’. Consequently, the mode of reaction was reversed by using 
a nucleophilic spin label to displace halogen from a 6- or 8-halo opiate 
(Scheme I). In the isomeric halocodides and morphides, the halogen atom 
has a beta configuration (syn to the ethylamino bridge) and is displaced 
by nucleophiles exclusively from the beta side in an sN2’ fashion (13). 
Following this precedent, the reaction of the isomeric halocodides and 
morphides with 4-amino-2,2,6,6-tetramethylpiperidino-l-oxyl free radical 
( I )  as a route to spin-labeled morphine and codeine was investigated. 


Reaction of I with 8-bromocodide (Ha) in dimethylformamide afforded 
the expected 6-spin-labeled codeine (IIIa) in 23% yield (Scheme 11). 


A recent report (12) described the selective methylation of morphine at the 
6-position uia its dipotassium salt. A similar ap roach to introduce a s in lahel at 
the 6-position was attempted; however, with aPkylating agents much krger than 
methyl, reaction occurred exclusively at the 3-position. 
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w 
I 
0 
I 


A Ila: R = C H , , X = B r  
IIb: R = C H  , X =  C1 
IIc : R = H, k = C1 


t 


A c1 
IVa : R = CH, 
IVb: R = H 


Scheme I I  


Similar reaction of I with 6-chlorocodide (IVa) produced a spin-labeled 
codeine in 10% yield identical in all respects to IIIa (see Experimental). 
This apparently anomalous result is accounted for by the fact that 
isomerization of IVa to the more stable 8-chlorocodide (IIb) occurred 
more rapidly than did the reaction with the spin label2. While IVa did 
not isomerize to IIb under the reaction conditions in the absence of added 
nucleophile, addition of a small amount of chloride ion to the mixture 
resulted in rapid conversion of IVa to IIb. Thus, chloride ion generated 
from the initial reaction of I with IVa catalyzed the isomerization of the 
halogen to the 8-position. The 8-chlorocodide thus produced underwent 
a normal S N ~ '  reaction to produce 1110. 


In an analogous fashion, 6-chloromorphide (1%) reacted with I to yield 
22% of 6-spin-labeled morphine (IIIb). The structure of IIIb was con- 
firmed by elemental and spectral analyses (see Experimental) and its 
conversion to IIIa on methylation with diazomethane. Interestingly, the 
chloromorphide recovered from this reaction was exclusively the 8-isomer, 
Ilc, verifying that halogen migration occurred during the reaction. 


The low yields of spin-labeled products were due mostly to low con- 
versions (yields based on recovered starting materials were substantially 
higher). An evident side reaction was the elimination of hydrogen halide 
from the halo opiates to produce dehydromorphine and codeine deriva- 
tives. No attempt was made to ascertain whether the dehydro derivatives 
were the 5,7- or 6,8-diene isomers. 


The spin-labeled derivatives prepared in this study showed only 
marginal in uiuo analgesic activity in the Eddy hot plate test (14,15) and 
displayed weak in uitro binding to receptors in brain homogenate (Pz 
fraction) by the method of Klee and Streaty (16). There was a small but 
noticeably greater potency of the labeled morphine over the labeled co- 
deine3. These results, while disappointing, do not preclude the use of 
these compounds for studying in uitro binding to receptors in brain ho- 
mogenate or subfractions thereof by the spin label method. 


EXPERIMENTAL4 


General-When reaction mixtures were to be separated and analyzed, 
a 1.9-m (6-ft), 2-mm i.d. glass column packed with 3% OV-17 on 60-80- 


2 Piperidine displaces halide ion from the haloopiates much more rapidly than 
I (13) .  


3 In the in uitro assay (16), IIIQ was about h t h  and IIIb about &oth as potent 
as morphine. 


Melting points were determined on a Thomas-Hoover melting-point apparatus. 
IR spectra were recorded on a Beckman IR-5A spectrophotometer using potassium 
chloride pellets or sodium chloride solution cells. Mass spectra were obtained on 
a Hewlett-Packard 5982 A gas chromatograph-mass spectrometer system. Electron 
spin resonance spectra were recorded on a Varian E-9 spectrtrmeter. 


mesh Gas Chrom Q5 was operated in the 200-240' range with a helium 
carrier gas flow of 25 ml/min. The gas chromatograph was interfaced to 
the mass spectrometer by a permeable silicone rubber membrane sepa- 
rator maintained at  240'. Samples that were pure or not amenable to 
GLC-mass spectrometry were introduced directly into the mass spec- 
trometer ion source uia a direct insertion probe with a sample heater, 
which was varied from ambient t o  250' depending on the compound. 


For electron-impact ionization, the following conditions were em- 
ployed: ion source, 180'; ionizing current, 0.15 mamp; and electron energy, 
70 ev. Chemical-ionization mass spectra were obtained with an ion source 
pressure of 0.35 torr methane6 (instrument grade, 99.7%), an ionizing 
current of 0.15 mamp, and an electron energy of 75 ev. 
4-Amino-2,2,6,6-tetramethylpiperidino-l-oxyl (I) was obtained com- 


mercially?. 6-Chlorocodide, 8-bromocodide, and 6-chloromorphide were 
prepared as described previously (17,18). 


Preparation of 6-Spin-Labeled Codeine (1IIa)-Reaction of I with 
Ila-A mixture of 2.8 g (7.8 mmoles) of IIa, 1.5 g (9.0 mmoles) of I, and 
1.1 g (8.0 mmoles) of solid potassium carbonate in dimethylformamide 
(20 ml) was heated in an oil bath at  90-95' for 4.5 hr. The cooled mixture 
was diluted with an equal volume of water, and the resulting suspension 
was extracted with 3 X 50 ml of ether. The combined ether extracts were 
washed with brine and then dried (sodium sulfate). Evaporation of sol- 
vent afforded 2.2 g of a residue, which was chromatographed on 75 g of 
silica gels (100-200 mesh) and eluted with a chloroform-methanol gra- 
dient. Fractions were monitored by TLC [silica gel, chloroform-methanol 


The first component eluted was a dehydrocodeine derivative; mass 
spectrum: m/e 281 (M+, lW), 280 (67.3), 266 (45.0),264 (11.9), 238 (14.9), 
223 (11.4), 220 (11.9), 165 (17.8), 152 (19.3), and 41 (13.4). The second 
component eluted was IIIa, which was obtained as an oil. The oil crys- 
tallized from ether-petroleum ether as a tan solid, 970 mg (27%), mp 
66-70'; mass spectrum: m/e 150,453 (M + H9, 15.3), 452 (M, l.O), 437 
(2.9), 420 (2.3), 379 (51.0), 366 (9.3), 323 (7.9),308 (15.0), 282 (loo), 266 
(10.9), 192 (36.7), and 154 (25.4); methane chemical-ionization mass 
spectrum: m/e 250,454 (M + 2H, 68.5), 453 (M + H, loo), 438 (8.3), 436 
(13.4), 379 (13.2), and 282 (10.9). The electron spin resonance spectrum 
of IIIa exhibited the usual three-line pattern for a nitroxide derived from 
tetramethylpiperidine. 


Anal.-Calc. for C Z ~ H ~ ~ N ~ O R :  C, 71.65; H, 8.46; N, 9.28. Found: C, 
71.44; H, 8.51; N, 9.31. 


Reaction o j I  with IVa-A mixture of 2.5 g (7.8 mmoles) of IVa, 1.5 g 
(9.0 mmoles) of I, and 1.1 g (8.0 mmoles) of potassium carbonate in di- 
methylformamide (20 ml) was heated in an oil bath at 110' for 8 hr. By 
using the same workup and chromatographic procedures described in 
the preceding experiment, 383 mg (10%) of IIIa was obtained as a tan 
solid, mp 65-68'. That this substance was indeed IIIa was ascertained 
by the following comparisons. The IR and mass spectra were superim- 
posable on the spectra obtained for IIIa. TLC on silica gel using six dif- 
ferent solvent systems demonstrated identical R f  values for this substance 
and IIIa. Finally, the melting point of this substance was not depressed 
on admixture with IIIa. 


Isomerization of IVa to IIb-A solution of 50 mg of IVa in 1 ml of 
dimethylformamide was heated at  90" for 1.5 hr. The IR spectrum of the 
recovered material was identical to that of the starting material. This 
experiment was repeated except that 20 mg of sodium chloride was added 
to the mixture. The IR spectrum of the recovered material indicated that 
50% of IVa had isomerized to IIb. 


Preparation of 6-Spin-Labeled Morphine (1IIb)-A solution of 
700 mg (2.4 mmoles) of IVb and 855 mg (5 mmoles) of I in dimethyl- 
formamide (10 ml) was stirred in an oil bath at 90-100' for 20 hr. The 
cooled solution was diluted with 25 ml of Chloroform, and the resultant 
solution was extracted with 3 X 25 ml of 3 N NaOH. The combined 
aqueous extracts were adjusted to pH 8.5 by the slow addition of cold, 
concentrated hydrochloric acid, and the resultant slurry was extracted 
with 3 X 50 ml of chloroform. The combined chloroform extracts were 
dried (sodium sulfate), and the solvent was removed to afford 2.6 g of a 
residue containing dimethylformamide. 


The residue was chromatographed on 75 g of  silica gel (100-200 mesh) 
using a chloroform-methanol gradient. Fractions were monitored by TLC 


(10  l)]. 


5 Applied Science Laboratories, State College, Pa. 
6 Air Products and Chemicals, Allentown, Pa. 


Aldrich. 
8 W. R. Grace. 


The much more intense than expected M + 1 peak was probably due to hy- 
drogen radical abstraction from water adsorbed in the ion source or glass capillary 
sample holder by the even electron molecular ion species (19,10). 
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[silica gel, chloroform-methanol (41)]. Compound IIIb, 960 mg (22%), 
was obtained as tan flakes from ether-petroleum ether, mp 212-215’ dec.; 
mass spectrum: m/e >150,439 (M + H, 18.9),438 (M+, 1.8), 406 (3.8), 
365 (74.8), 352 (27.9), 309 (15.3), 268 (loo), 266 (12.8), 178 (33.5), and 154 
(27.3); methane chemical-ionization mass spectrum: m/e >250,440 (M 
t 2H, loo), 439 (M + H, 71.1), 424 (27.1), 422 (22.6), 365 (8.3), and 268 
(24.0). The electron spin resonance spectrum of IIIb exhibited the usual 
three-line pattern for a nitroxide derived from tetramethylpiperidine. 


Anal.-Calc. for C26H37N303: C, 71.20; H, 8.27; N, 9.58. Found; C, 
71.12; H, 8.11; N, 9.81. 


A small portion of this material was treated with excess ethereal dia- 
zomethane. Evaporation of solvent and excess diazomethane afforded 
a crystalline residue identical to IIIa in all respects (melting point, IR, 
TLC, and mass spectral data). 


Also isolated from column chromatography of this reaction mixture 
was a component having an Rf similar to that of IVb. This substance was 
identified as IIc by its melting point and IR and mass spectra. No IVb 
was eluted from the column. 
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Radiochemical GLC Assay for Nortriptyline in 
Human Plasma 


ARTHUR LOH, FRANCIS R. ZULESKI, and 
FREDERICK J. Di CARL0 


Abstract A novel method was developed for the assay of nortriptyline 
in plasma. After nortriptyline was extracted, it was acetylated with 
3H-acetic anhydride; the quantity of 3H-acetylnortriptyline in the extract 
was determined by radiochemical GLC. The method is capable of 
assaying 5 ng of nortriptyline/ml of plasma. The instrumentation was 
assembled from commercially available components. 


Keyphrases Nortriptyline-radiochemical GLC analysis, human 
plasma 0 Radiochemical GLC- -analysis, nortriptyline in human plasma 
0 GLC, radiochemical-analysis, nortriptyline in human plasma 
Antidepressants-nortriptyline, radiochemical GLC analysis in human 
plasma 


The assay of nortriptyline in plasma is important be- 
cause its clinical activity is related to plasma levels (1,2), 
which vary remarkably among individuals even at  steady 
state (3, 4). GLC methods for nortriptyline assay (5-7), 
although capable of detecting 10-20 ng of compound/ml 
of plasma, are frequently inadequately sensitive for mea- 
suring the levels attained after a single dose. A recently 
published TLC assay is considerably less sensitive, having 
a lower limit of 50 ng/ml(8). 


Zuleski et al. (9) developed a nortriptyline assay 


method which involved extracting the compound from 
plasma by a modification of the method of Hammer and 
Brodie (lo), acetylating it with 14C-acetic anhydride, 
separating acetylnortriptyline by TLC, locating this de- 
rivative by radiochromatogram scanning, removing it from 
the plate, and counting it by scintillation spectrometry. 
The present approach was more direct. Radiochemical 
GLC was performed directly following derivatization with 
3H-acetic anhydride. Thus, 3H-acetyln~rtriptyline was 
resolved and counted simultaneously. Despite the wide 
applicability of radiochemical GLC to drug metabolism 
studies, this method has been developed only in a few 
laboratories (11-13). The present investigation shows that 
the method can be developed using commercially available 
components. 


EXPERIMENTAL 


Reagent.~-~H-Acetic anhydride (50 rnW4.36 mg in 5 ml of dry 
benzene) was received’ in a sealed ampul. A 0.05-ml aliquot of this so- 


l New England Nuclear, Boston, Mass. 
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Effect of Shear Mixing on In Vitro Drug Release of 
Capsule Formulations Containing Lubricants 


K. S .  MURTHY" and J. C. SAMYN 


Abstract The influence of shear mixing on the in uitro dissolution 
properties of several experimental capsule formulations containing lu- 
bricants was investigated. The studies were carried out in a 2.8-liter 
laboratory V-blender equipped with a high-speed intensifier bar, using 
nitrofurantoin and procainamide hydrochloride as active drugs, powdered 
lactose and starch as excipients, and magnesium stearate and magnesium 
lauryl sulfate as lubricants. These studies revealed a pronounced inhib- 
itory effect on drug dissolution due to shear in powder mixtures con- 
taining magnesium stearate; even at the maximum lubricant level of only 
2%, high shear mixing markedly altered the in uitro dissolution rate. In 
systems with magnesium lauryl sulfate, the shear effect was less pro- 
nounced (nitrofurantoin blends) or absent (procainamide hydrochloride 
blends). The poor dissolution characteristics noted with magnesium 
stearate-shear combinations, seem to result from the formation of a hy- 
drophobic film around the powder mass, preventing wetting and de- 
aggregation. 


Keyphrases 0 Capsules-containing lubricants, effect of shear mixing 
on in uitro dissolution 0 Dissolution, i n  uitro-capsules containing lu- 
bricants, effect of shear mixing Shear mixing-effect on in uitro dis- 
solution of capsules containing lubricants 0 Dosage forms-capsules 
containing lubricants, effect of shear mixing on in uitro dissolution 


Magnesium stearate is a widely used lubricant in tablet 
and capsule formulations. In tableting, it is believed to 
reduce interparticle friction during compression and 
friction between the tablet and die wall during ejection (1, 
2). In encapsulation with automatic capsule-filling 
equipment, magnesium stearate altered the force-time 
curves of the material being filled by reducing or elimi- 
nating the ejection forces (3). 


BACKGROUND 


One problem associated with magnesium stearate in solid dose for- 
mulations (4,5) is its tendency to waterproof the dosage form and to re- 
tard in uitro drug release. Levy and Gumtow (5), based on their studies 


with nondisintegrating disks of salicylic acid, concluded that hydrophobic 
lubricants such as magnesium stearate decrease the effective drug-solvent 
interfacial area and thereby reduce the dissolution rate. Conversely, the 
dissolution rate enhancing effect of a hydrophilic lubricant, e.g., sodium 
lauryl sulfate, was viewed as due to better penetration of the solvent into 
the tablets and component granules, resulting in greater availability of 
drug surface. 


Samyn and Jung (6) studied the in uitro disintegration and dissolution 
rates of several experimental capsule formulations consisting of drug, 
lactose, or dibasic calcium phosphate, with magnesium stearate as the 
lubricant. The poor disintegration and dissolution properties noted were 
attributed to the limited area of contact between the powder mass and 
the solvent because of poor or incomplete wetting of the solid. They 
reasoned that this reduced erosion and drug dissolution. 


Recently, a new water-soluble compound, magnesium lauryl sulfate, 
was investigated as a tablet lubricant (7). The evidence indicated that 
this material may possess lubricating properties comparable to magne- 
sium stearate in the systems studied without its water-repellent effect 
(8). 


In laboratory and industrial blending operations, the mixer is usually 
equipped with a mechanical device such as an agitator bar, deflector, or 
baffle to facilitate breakup of aggregates and to ensure good mixing. High 
speed attrition or shearing devices are often necessary for homogeneous 
distribution of the active component in high potency, low dose drug 
mixtures (9). Only a few studies are available concerning the effect of high 
speed shear mixing on in uitro drug release characteristics of powder 
mixtures containing lubricants. Ganderton (10) investigated the effect 
of the distribution of magnesium stearate on the penetration of tablets 
by water. His data suggested that the inhibition of liquid penetration in 
the presence of magnesium stearate is approximately proportional to the 
concentration of the lubricant in the system and is susceptible to the 
mixing method: the more intimate the dispersion of the lubricant, the 
greater the inhibition of liquid penetration. 


The effects of magnesium stearate and the degree of mixing on the 
physical properties of amylose and sodium chloride tablets also were 
reported (11). Blending was carried out in a Turbula mixer a t  a loading 
level of 20% capacity. When the concentration of magnesium stearate or 
the mixing time was increased, the intrinsic dissolution rate of sodium 
chloride was reduced. Furthermore, the effects due to the degree of 
mixing were pronounced at low lubricant levels. Based on photomicro- 
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Table I-Composition of Powder Mixtures 
Series I1 (Procainamide Hydrochloride Blends) 


Formulations Series I (Nitrofurantoin Blends) Formulations 


Component, mghapsule A B C D E  F G H  I J K  L M N  


Drug 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Lactose powder 250 250 250 - - - 250 250 250 250 - - 
Starch powder _ -  
Magnesium lauryl sulfate - - - 


- 250 
- 250 250 250 - - - - 250 250 250 - 


7.0 - - 1.75 7 - 1.75 7.0 - 
7 


Magnesium stearate - 1.75 7.0 - 1.75 
- - _  - - - - - 7 -  


graphic evidence, a mechanism was suggested involving the formation 
of a lubricant film around the solid particle during the mixing stage. 


The aim of the current investigations was to evaluate the influence of 
shear mixing on the in uitro drug release of powder mixtures containing 
magnesium stearate as a lubricant in capsule blends of a relatively 
water-insoluble drug and a water-soluble drug. Nitrofurantoin was se- 
lected as the prototype of a low water-soluble drug, and procainamide 
hydrochloride served as the high water-soluble drug substance. Powdered 
lactose and starch were the diluents since they are common fillers, both 
soluble and insoluble, in capsule formulations. Although most investi- 
gations employed magnesium stearate as the lubricant, magnesium lauryl 
sulfate also was included. 


EXPERIMENTAL 


Magnesium stearate’, nitrofurantoin2, procainamide hydrochloride3, 
lactose powder4, and starch powder5 were USP grade. These chemicals 
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Figure 1-Effect of shear on the drug dissolution in the nitrofuran- 
toin-lactose mixture (Formulation C ) .  Key: 0 , O  min; 8 , 5  min; .,15 
min; A, 30 min of mixing with intensifier bar; and $, intercapsufe 
variation. 


Mallinckrodt, St. Louis, Mo. 


Parke, Davis & Co., Holland, Mich. 
Humko Sheffield Chemical, Lyndhurst, N.J. 
A. E. Staley Manufacturing Co., Decatur, Ill. 


* H. Reisman Corp., Orange, N.J. 


and magnesium lauryl sulfate6 were purchased commercially and used 
as received. 


The compositions of the various blends prepared and tested are shown 
in Table I. Series I (Formulations A-G) contains mixtures of nitrofu- 
rantoin, while Series I1 (Formulations H-N) is procainamide hydro- 
chloride blends. Two levels of lubricant were studied, 0.5 and 2%. Both 
concentrations are relatively low and represent levels used or exceeded 
in marketed products. 


The drug substances were prescreened through a No. 30 sieve to min- 
imize any aggregates that might be present. The materials were intro- 
duced into a stainless steel 2.8-liter capacity V-blender7 with the diluent 
a t  the bottom and the drug and the lubricant over it. The blender was 
loaded to about half its capacity when the total charge of 1.4 kg was 
present. Shear was applied through the action of the intensifier bar. The 
blending sequence adopted in these experiments was 15 min of tumble 
blending without the intensifier bar action followed by tumble blending 
with shear for 30 min. The powder was sampled immediately before the 
intensifier bar was turned on (“0”-min sample) and after applying 5,15, 
and 30 rnin of shear. 


80 i 7 0  


MINUTES 
Figure %--Effect of shear on the drug dissolution in the nitrofuran- 
toin-starch mixture (Formulation F). Key: 0 , O  min; 8 , 5  rnin; 0,  15 
min; A, 30 min; and 0,45 rnin of mixing with the intensifier bar. 


Alcolac Corp., Baltimore, Md. 
Porta-Shell lab blender equipped with disperser bar assembly, Patterson In- 


dustries, East Liverpool, Ohio. 
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Table 11-Dissolution Values (Minutes) for Procainamide Hydrochloride-Lactose Mixtures in 0.1 N HCl at 100 rpm and 37" 


Amount of Shear, 
min of Blending Formulation H Formulation I Formulation J Formulation N 


with Intensifier Bar Tzo T50 T80 T20 T50 TSO T20 T50 TS0 TZO T50 Tso 
0 1.3 2.8 4.7 1.7 4.3 8.1 3.7 6.9 9.5 1 .o 2.6 4.2 
5 - - - 2.8 6.9 13.3 8.0 17.4 45.3 - 


15 1.3 3.0 4.8 7.1 15.6 24.5 13.4 73.0 >180 1.1 2.8 4.5 
30 1.2 2.9 4.6 8.1 19.8 27.2 14.0 75.0 >180 1.1 2.9 4.6 


- - 


In testing nitrofurantoin powder mixtures for in uitro drug release, the 
dissolution apparatuss and the general conditions described in USP XIX 
were followed (12). The temperature was maintained at 37 f 0.5', the 
basket was rotated at 100 rpm, and 900 ml of pH 7.2 phosphate buffer 
served as the solvent medium. The powder mixture, 353 f 7 mg, was hand 
filled into a No. 0 size natural capsuleg, which served as the dosage unit 
for the test. This fill weight corresponds to a low powder density and was 
chosen to avoid the effect 017 the drug release of the tightness of the 
powder bed packing within the capsule. 


At periodic intervals, 5 ml of filtered samples was withdrawn and di- 
luted 10-fold with distilled water. The absorbance of each sample was 
measured at  367 nm in a UV spectrophotometerlO. The nitrofurantoin 
concentration in solution was determined from the standard Beer's law 
plot prepared with the pure drug material. Preliminary experiments 
showed that the error involved in not replacing the withdrawn volume 
of fluid was insignificant. 


For procainamide hydrochloride mixtures, the test procedure used was 
identical to that described, except that the solvent medium and the di- 
luting fluid were 0.1 N HCl and the sample absorption was read at 224 
nm. 


Except where the drug dissolution was very rapid, the release rates were 
followed through 60 min. Each dissolution profile is the average of three 


T 


I 


T 


MINUTES 


Figure 3-Dissolution proftles of nitrofurantoin-lactose mixtures 
subjected to 30 min of shear us a function of lubricant concentration. 
Key: 0, Formulation A (0% 1; 8, Formulation B (0.5% 1; and 0, For- 
mulation C (2% magnesium stearate). 


* MultiDle sDindle dissolution drive, model 72B. Hanson Research Corp., 
Northridge, Calif. 


Parke, Davis & Co., Detroit, Mich. 
lo Model 25, Beckman Instruments, Fullerton, Calif. 


to five individual determinations. The ranges are indicated in the various 
graphs. 


RESULTS AND DISCUSSION 


In each test series, two formulations (A and D in Series I and H and 
K in Series 11) did not contain a lubricant and served as controls. Also, 
two different base materials, powdered lactose and powdered starch, were 
used. In addition to the controls, the blends studied contained lubricant 
concentrations of 0.5 or 2% of the drug-diluent mixtures. Formulations 
G and N contained 2% magnesium lauryl sulfate as the lubricant. 


The effect of shear on the dissolution profiles of nitrofurantoin powder 
mixtures containing 2% magnesium stearate is shown in Fig. 1 (lactose 
as filler) and Fig. 2 (starch as filler). At this level of lubricant, shear mixing 
had a pronounced inhibitory effect on drug dissolution. In Fig. 1 (For- 
mulation C), the amount of drug in solution at  1 hr declined from about 
86% in the absence of shear to 8% after 15 rnin of blending with the in- 
tensifier bar. The shear effect appears to be greater with lactose as the 
base material compared to starch. This finding is somewhat unexpected 
in that water-soluble lactose should have aided in bringing about more 
rapid drug dissolution. 


With both filler materials, after the capsule shells dissolved, the 
powders that displayed poor dissolution characteristics typically yielded 
an intact plug of solid with a central dry core at the end of the dissolution 
test run. This result occurred in spite of the intentionally low packing 
of the powder. Furthermore, the amount of drug released approached 
an equilibrium state with the application of shear. With the lactose 
blends, this state was attained after 15 rnin of blending time; with ni- 


0 
MINUTES 


Figure 4-Dissolution profiles of nitrofurantoin-starch mixtures 
subjected to 30 rnin of shear as a function of lubricant concentration. 
Key: 0,  Formulation D (0% ); 0, Formulation E (0.5% ); and 0, For- 
mulation F (2% magnesium stearate). 
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Table 111-Dissolution Values (Minutes) for Procainamide Hydrochloride-Starch Mixtures in 0.1 N HC1 at 100 rpm and 37" 
Amount of Shear, 
min of Blending Formulation K Formulation L Formulation M 


with Intensifier Bar T20 T50 Tso Tzo T50 T80 7'20 T50 Ti30 
0 
5 


1.3 3.2 5.3 1.4 3.6 6.8 5.6 10.3 13.6 
- - - 4.0 7.5 10.9 9.4 18.9 30.6 v ~. 


15 1.2 3.1 5.0 5.3 11.6 16.1 10.9 25.8 40.1 
30 1.2 3.0 4.7 8.5 15.9 25.3 22.2 52.0 91.0 


trofurantoin-starch-magnesium stearate mixtures (Formulations E and 
F), equilibrium was not reached until 30 min or longer of blending. 
Shorter high shear mixing times (5 min) resulted in a significant drop in 
the in uitro drug availability (Figs. 1 and 2). In the current investigations, 
rapid dissolution occurred a t  a level of 2% magnesium stearate when high 
shear was not applied. 


Figures 3 and 4 summarize data on the in uitro release of nitrofurantoin 
in phosphate buffer a t  100 rpm from formulations containing different 
concentrations of magnesium stearate. In these instances, 30 min of shear 
was applied to all powder mixtures. The retarding effect of shear on the 
dissolution rate was dependent on the level of magnesium stearate in the 
formulation; the larger the concentration of the lubricant, the slower was 
the drug release after the application of shear. 


As shown previously, with any given concentration of magnesium 
stearate in the mixture, the inhibitory effect on drug dissolution is related 
to the degree of shear applied to the system. Thus, the greatest impair- 
ment of dissolution is likely to result in systems containing high levels 
of magnesium stearate subjected to long periods of shear. Among the 
blends investigated, formulations containing 2% magnesium stearate (C 
and F) experienced the largest reduction in dissolution rate after 30 rnin 
of mixing with the intensifier bar. There was no effect of shear in for- 
mulations devoid of lubricant (A and D). 


Figure 5 illustrates the findings of shear studies carried out on For- 
mulation G, which contained a water-soluble lubricant, 2% magnesium 
lauryl sulfate. The effect here was minimal. After 5 min of shear, the 
amount of drug in solution in 1 hr was reduced from 78 to 54%. Additional 
blending with the intensifier bar for up to 30 min resulted in no further 
reduction in the drug dissolution. 
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Figure 5-Effect of shear on  the  drug dissolution in the  nitrofuran- 
toin-lactose-magnesium lauryl sulfate mixture (Formulation G ) .  Key: 
0 , O  min; 8 , 5  min; 0 , 1 5  min; and A, 30 rnin of mixing with the  inten- 
sifier bar. 


In Figs. 6 and 7, the dissolution rates of procainamide hydrochloride 
mixtures are shown at  various mixing times with the intensifier bar. 
Figure 6 deals with Formulation J where lactose was used as the excipient, 
while Fig. 7 displays data for Formulation M where starch served as the 
base material. The lubricant was a t  the 2% level in both formulations. 
There was a marked reduction in dissolution due to shear in both blends, 
despite the high solubility of the drug substance. In Formulation J, the 
release rate reached an equilibrium state within 15 min of blending, in 
contrast to Formulation M where the system still showed a decreased 
dissolution rate even after 30 min of shear. Formulation J appeared to 
be particularly susceptible to the shear effect, since mixing for 5 min with 
the bar resulted in 2'80 (time for 80% of the drug to be in solution) values 
increasing from 9.5 to 45.3 min. 


Tables II and 111 list the various 7'20 (time for 20% of the drug to be in 
solution), 7'50, and Tso values of the procainamide hydrochloride for- 
mulations (H-M). The findings recorded with this water-soluble drug 
are similar to those for the nitrofurantoin powder mixtures in that the 
inhibitory effect on drug dissolution is related to the level of magnesium 
stearate in the formula and the duration of shear mixing. However, in 
contrast to the slight reduction in the dissolution rate noted for the ni- 
trofurantoin mixture containing 2% magnesium lauryl sulfate (Fig. 5), 
no shear effect was apparent with Formulation N (Table 11). 


In addition to altering the dissolution properties, shear influenced both 
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Figure 6-Effect of  shear on  the drug dissolution in  the procainamide 
hydrochloride-lactose mixture (Formulation J ) .  Key: 0, 0 min; 8 ,  5 
min; O,15 min; and A, 30 rnin of  mixing with the intensifier bar. 
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loose and packing densities of powder blends containing magnesium 
stearate. The powder densities increased with blending time up to 
maximum limiting values. These changes in the density characteristics 
of powders with shear are presumably related to improved flow properties 
and are frequently reflected in their subsequent processing, e.g., in the 
fill weight and weight control during encapsulation. 


The evidence presented in this paper illustrates the potential liabilities 
stemming from the indiscriminate use of shearing or mixing devices to 
break up aggregates in the blending operations where magnesium stearate 
and other hydrophobic lubricants are in the formula. The intensity of 
mixing is an important processing variable, capable of altering the in uitro 
availability characteristics of pharmaceutical formulations. This result, 
in turn, potentially may influence the bioavailability of the dosage form. 
A knowledge of the shear effect on drug dissolution should be an integral 
part of formula development and scale-up studies of drug prepara- 
tions. 
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High-pressure Liquid Chromatographic Analysis of 
Methotrexate in Presence of Its Degradation Products 


DULAL C. CHATTERJI and JOSEPH F. GALLELLIX 


Abstract Two high-pressure liquid chromatographic methods are 
described for the quantitative determination of methotrexate in the 
presence of its contaminants and degradation products. Method 1 takes 
less than 15 min and is recommended for routine assays of methotrexate 
in commercial products. Method 2 takes about 35 min and is the method 
of choice to detect and quantitate large amounts of degradation products. 
Quantitation to a level of 1 pg of methotrexatelml is feasible by these 
methods and thus provides potential applicability for the analysis of 


~~ 


methotrexate in biological fluids. 


Keyphrases Methotrexate-high-pressure liquid chromatographic 
analysis, commercial preparations 0 High-pressure liquid chromatog- 
raphy-analysis, methotrexate in commercial preparations 0 Antineo- 
plastic agents-methotrexate, high-pressure liquid chromatographic 
analysis in commercial preparations 


Methotrexate is a folic acid antagonist widely used in 
cancer chemotherapy. However, methotrexate is con- 


taminated with its degradation products and other closely 
related folic acid analogs. Quantitation of the contami- 
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Table V-Rate Constants for the Degradation of V and the 
Appearance of 11 (k3) and VI ( k ~ )  in 52.5% Ethanol at 85” 


pH k ,  hr-I X lo3 k3, hr-I X lo3 ks, hr-I X 10’ 


1.7 1.37 0.58 0.79 
3.8 1.30 0.75 0.55 
4.7 1.43 0.70 0.73 
6.9 1.27 - 1.27 


kcal/mole; for the formation of VI and 11, it is 10.3 and 26.7 kcal/mole, 
respectively. This large difference results because VIIIb is much less 
favored than VIIIa, as in the degradation of I. 


Comparison of the rate constants for the degradation of I and V under 
the same conditions shows that V is less easily oxidized. This finding is 
unexpected because the introduction of a methyl group should increase 
the electron density in the ring system and, therefore, favor the loss of 
an electron. This explanation can be a steric effect. Phenothiazines are 
bent around the nitrogen-sulfur axes (171, resulting in two possihle 
conformations. In one conformation, the lone pair on the nitrogen can 
easily interact with ?r electrons of the ring system; in the other, the lone 
pair is forced outside the system. In I itself, the configuration is such that 
interaction is possible; however, in V, the lone pair is forced outside the 
system. The methyl group thus decreases the electron density in the ar- 
omatic system and increases the stability. 
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Mechanism for Phenothiazine Oxidation 


H. ROSEBOOM” and J. H. PERRIN* 


Abstract The mechanism of phenothiazine degradation was studied 
by following the degradation of 3,lWdiphenothiazine in ethanol-water 
mixtures as well as the electrochemical oxidation of phenothiazine. A 
mechanism, including the formation of an oxidized dimer and some 
polymers, is suggested. 


Keyphrases Phenothiazine-electrochemical oxidation degradation 
in ethanol-water mixtures, mechanism suggested 0 Oxidation-phe- 
nothiazine degradation in ethanol-water mixtures, mechanism suggested 


Degradation-phenothiazine in ethanol-water mixtures, mechanism 
suggested 


EXPERIMENTAL 


Materials-All materials were as previously described (2). 
Phenothiazine (I) Oxidation in Presence of 3H-Phenothiazine- 


3-one (MI)-In a mixture of ethanol and water buffered with sodium 
acetate and hydrochloric acid, 500 pg of I/ml and 50 pg of VWml were 
dissolved. The solutions were saturated with oxygen, placed in screw- 
capped bottles, and stored in the dark a t  75”. The solutions were assayed 
for I, VII, and XIV as described previously (10). 


Oxidation of 3,10‘-Diphenothiazine (1Xb)-Solutions of 100 pg of 
IXb/ml were prepared and stored as described. The solution was ex- 
tracted with carbon tetrachloride; the products were separated by TLC, 
using silica gel GFz54 and developing with ether-petroleum ether (1:2). 


The isolation and identification of Some degradation 


as were the kinetics Of the Oxidative degradation in an 
acidic medium (2). The degradation has been the subject 
of many investigations (3-9); however, no definite me&- 
anism was established, particularly since 7- ( 10!-phe- 


as a degradation product until recently (1,2). 
In this paper, further experiments to elucidate the 


mechanism of formation of 7 4  lO’-phenothiaziny1)-3H- 
phenothiazine-3-one (XIV) are described, and a mecha- 


The products were assayed as described previous& (10). 
Electrochemical Oxidation of I-After dissolving 100 pg of Ilml in 


curve] was recorded at various pH values, using a rotating platinum 
electrode and a silver-silver chloride reference electrode. Then 1 was 
oxidized at a constant potential2, using a platinum working and auxiliary 
electrode and a silver-silver chloride reference electrode. The potential 
of the working electrode was 400 mv throughout this study. 


it. After completion of the reaction, the solution was allowed to stand in 
the dark in a nitrogen atmosphere until a permanent color was obtained. 


products Of phenothiazine were described previously (l), the buffered ethanol-water and flushing with nitrogen, a curren&vo~~ge 


nothiaziny1)-3H-phenothiazine-3-one was not recognized The solution was stirred by bubbling nitrogen continuously through 


Polarograph 44 s, Bruker, Brussels, Belgium, 
nism for the overall oxidation is proposed (Scheme I). 2 Potentiostat PRT 10-05, Tacussel, Villeurfanne, France. 
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Then the solution was extracted, and the components were separated and 
analyzed for VII and XIV as described. 


RESULTS 


Oxidation of I in Presence of VII-The rate constants were deter- 
mined as described previously (2) and were not significantly different 
from those obtained when no VII was added. The amount of XIV formed 
was not significantly different from the amount formed from I without 
the addition of VII. This result indicates that XIV is not formed from a 
coupling of I and VII. 


Oxidation of IXb-The thin-layer chromatograms of partially oxi- 
dized IXb showed four spots, three of which were IXb, VII, and XIV. The 
fourth spot, with RI 0.00, was colorless but turned green in daylight; the 
color was less intense after oxidation a t  low pH values. Figures 1 and 2 


XVI xv 
Scheme I 


give the amounts of XIV and VII, respectively, formed as a function of 
time a t  different pH levels. 


These figures show that IXb was completely oxidized in 80 hr. They 
also show the instability of VII and XIV at low pH values. Figure 3 shows 
the ultimate amount of VII and XIV formed from IXb as a function of 
pH. There was a maximum in the formation of XIV a t  pH 3.8 and of VII 
a t  pH 4.7. Table I shows the amounts of VII and XIV formed from IXb 


Table  I-Amounts of VII and  XIV Formed on Oxidation of IXb  
at pH 4.7 and 75" at Various Ethanol Concentrations 


Ethanol, % (w/w) VII, pg/ml XIV, rg/ml 


41.5 24.2 25.5 
52.5 22.1 24.4 
62.0 24.5 25.5 
72.5 25.5 72 G 
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Figure I-Amount of XIV formed on oxidation of IXb in52.5% ethanol 
at 75" at different p H  leuels as a function of time. Key: A, pH 1.7; B, pH 
3.8; C, pH 4.7; and D, p H  6.9. 


at different ethanol concentrations at  pH 4.7 and 75"; ethanol had no 
significant influence on the amounts of products formed. 


Electrochemical Oxidation of I-Figure 4 shows the current-voltage 
curves of I in 52.5% ethanol at various pH values. The half-wave potential 
of the first oxidation step was pH independent; the second half-wave 
potential was lowered at  higher pH levels. Thin-layer chromatograms 
showed that, in all cases, V, VII, and XIV were formed. Two other spots 
were formed, both colorless but turning green in daylight; one had the 
chromatographic characteristics of IXb and the other had Rf 0.00. 


Figure 5 shows the amounts of VII and XIV formed from the elec- 
trolysis of I as a function of pH, Fig. 6 gives the amounts as a function of 
the ethanol concentration in the solvent mixture, and Fig. 7 gives the 
amounts as a function of the working potential. The amount of VII pro- 
duced increased with increasing pH, and there was a maximum in the 
formation of XIV at pH 4.7. The amounts of both products increased with 
increasing ethanol concentration, but this increase was less at higher 
concentrations. The amounts formed increased with increasing working 
potential but reached a plateau at 450 mv.. 


DISCUSSION 


Scheme I represents the most probable mechanism for the oxidation 
of I. The first step is the loss of an electron from I to give the cationic free 
radical 11. The radical can lose a proton to give the neutral radical 111, lose 
a proton and an electron to give the phenazothionium ion IVa, and dis- 
proportionate together with 111 to give I and IVa, as shown by Hanson 
and Norman (8). 


The phenazothionium ion exists in two mesomeric forms, IVa and IVb, 
which can hydrolyze to the 5-oxide (V) and to 3-hydroxyphenothiazine 
(VI). Compound VI is rapidly oxidized to 3H-phenothiazine-3-one (VII) 
and 7-hydroxy-3H-phenothiazine-3-one (VIII). The existence of the 
neutral radical 111 was first confirmed by Gilbert et al. (9), whose calcu- 
lations of spin densities showed the largest densities to be located at  the 
nitrogen atom and a t  C-3 and C-7. This situation is represented by the 
equilibrium between IIIa and IIIb. 


20 40 60 80 100 120 140 
HOURS 


Figure 2-Amount of VII formed on oxidation of IXb in 52.5% ethanol 
at 75" at different pH levels as a function of time. Key: A, pH 1.7; B, pH 
3.8; C, pH 4.7; and D, pH 6.9. 


PH 


Figure 3-Ultimate amount of XIV (0) and VII (A) formed from IXb 
in 52.5% ethanol at 75" as a function of pH. 


The formation of the dimer IXb has been reported to proceed uia IXa 
(6,8). This dimer can lose an electron to give the radical X, which can then 
behave like radical 11, forming the ion XIIa and the neutral radical XIa. 
The disproportionation of X and XI to give XIIa and IXb is not shown 
for reasons of simplicity. The existence of XIIa has been confirmed (8). 
Compound XIIa hydrolyzes to I and VII; its mesomeric form XIIb hy- 
drolyzes to a 7-hydroxy dimer (XIII), which is rapidly oxidized to 
XIV. 


The equilibrium between XIa and XIb is in principle the same as that 
between IIIa and IIIb. These radicals can give several products; two 
possibilities, shown in Scheme I, are the trimer XVI and the tetramer XV. 
Although these products were not isolated, their formation is analogous 
to that of the dimer IX; on oxidation of IXb, at least one product is formed 
that turns green in air, as do I and IXb. Also, the amounts of VII and XIV 
produced on oxidation of IXb do not account for all of the starting ma- 
terial, especially at higher pH values (Fig. 2). Raising the pH causes a shift 
in the equilibrium between X and XI, so that less of the ion XIIa is 
formed and subsequently less VII and XIV. Compound VII is formed uia 
two pathways, from the phenazothionium ion IV and from the ionic dimer 
XII. That the latter process occurs is proven by the appearance of VII 
from the oxidation of IXb. 


The kinetic measurements of Ref. 2 support Scheme I. More VII and 
less V were,formed at  higher temperatures, and the relative amount of 
XIV formed was independent of temperature. The degradation of I was 
independent of pH, and there were a minimum in the formation of V at 
pH 4.7 and maxima in the formation of VII and XIV at pH's 4.7 and 3.8, 
respectively. 


Increasing the percentage of ethanol in the solvent mixture decreases 
the degradation rate of I and increases the relative amounts of VII and 
XIV, up to a given ethanol concentration. The relative increase in the 
formation of VII a t  higher temperatures suggests that the mesomer IVa 
is energetically favored over mesomer IVb, so the formation of VII has 
a higher energy of activation than does the formation of V. The temper- 
ature independence of the amount of XIV formed is probably due to a 
shift of the acid-base equilibrium of I1 and I11 being compensated for by 
a comparable shift in the equilibria between X and XI, resulting in a 
temperature independence of the formation of the ion XIIa and, there- 
fore, of XIV. 


200 400 600 800 
SI  LVER-SI LVER CHLORIDE 


REFERENCE ELECTRODE, mv 


Figure 4-Current(i)-uoltage curues of 1 in 52.5% ethanol at various 
pH leuels. Key: A, pH 1.7; B, p H  3.8; C, p H  4.7; and D, pH 6.9. 
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Figure .!-Amounts of V I I  (A )  and X I V  (B) formed on electrolysis of 
I in 52.5% ethanol as a function of pH.  


The first step of the oxidation of I does not involve hydrogen ions, so 
the half-wave potential of the first step of the electrochemical oxidation 
(Fig. 4)  and the degradation of I is pH independent. As a result of the 
acid-base equilibrium between I1 and 111, there is more dimerization, so 
less IV and V are formed at  higher pH values. A t  still higher pH values, 
the half-wave potential of the second oxidation step (I1 - IV) is lowered 
to such an extent that there are a large increase in the velocity of this step 
and a resultant increase in the formation of V. The net result is a mini- 
mum in the formation of V at  pH 4.7 (2) .  


Because VII is produced uia two mechanisms, the influence of pH is 
more difficult to predict; however, some estimate of the amounts pro- 
duced by both pathways can be made from the data on the oxidation of 
IXb. The amount of VII produced uia XIIa is calculated from the ratio 
of the amounts of VII to XIV produced on the oxidation of IXb; this ratio 
is multiplied by the amount of XIV formed on oxidation of I. This value, 
subtracted from the total amount of VII, gives the amount produced uia 
IV. The instability of the products a t  low pH values makes these calcu- 
lations only approximate. Figure 8 shows the decrease in the amount of 
VII formed in one half-life of phenothiazine as the pH is raised, in spite 
of the fact that there is an increase in the formation of IV at  pH levels 
above 4.7. This result is due to the pH dependence of the reaction IV + 


V (4 ,5) ,  favoring the formation of V at higher pH's. 
At  pH 4.7, there are a minimum in the formation of IV and a maximum 


in the formation of the dimer IX. On oxidation of the dimer, the cationic 
radical X is formed, which converts to the neutral radical XI and the ion 
XIIa. At  higher pH values, the formation of XIIa is decreased, so the 
maximum in the formation of XIIa from I is a t  a lower pH than the 
maximum in the formation of IX. From the oxidation of IXb, it is seen 
that at higher pH values the ratio of VII to XIV increases. Therefore, the 
maximum in the formation of XIV is at a lower pH than the maxima in 
the formation of XI1 and of VII. The maximum in the formation of XIV 
is at pH 3.8; for VII and IXb, it is at pH 4.7. 


Increased ethanol concentration in the solvent mixture favors the 
formation of the nonionic 111, resulting in more dimerization and more 
VII and XIV. However, a t  still higher ethanol concentrations, XI is fa- 
vored over x ,  resulting in no further increase in the amounts of VII and 
XIV. 
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Figure 6-Amounts of V I I  (A) and X I V  (3) formed on  electrolysis of  
Z at p H  4.7 as a function o f  the ethanol concentration. 
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Figure 7-Amounts of V I I  (A)  and X I V  (3) formed on electrolysis of 
Z in 52.5% ethanol at pH 4.7as a function of the potential of the working 
electrode. 
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Figure 8-Amount of  V I I  formed via the ion ZVin one half-life of  Zas 
a function o f  p H ,  calculated as described in the text. 


In the electrochemical oxidation of I, the rate-determining step is no 
longer the formation of the radical 11. When the oxidation potential is 
high enough to oxidize I but not 11, there is buildup of 11. A t  high pH 
values, the radical is deprotonated, allowing considerable dimerization. 
The rapid oxidation of I X b  suggests that it, as well as X, has a low oxi- 
dation potential and that the formation of XIIa increases with pH. As 
the pH is raised, there is an increase of VII at the expense of XIV on 
electrochemical oxidation, resulting in a maximum in the formation of 
XIV (Fig. 5).  


If it is assumed that increasing the oxidation potential increases the 
concentration of 11, then dimerization and the formation of VII and XIV 
increase up to a maximum (Fig. 7 ) .  
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In Vitro Photodecomposition of Uric Acid in 
Presence of Riboflavin I1 


JEROLD NEWBURGER", ALAN B. COMBS, and TING-FENG HSU 


Abstract fl In uitro studies on the photodecomposition of uric acid in 
the presence of the monosodium salt of riboflavin 5'-phosphate in buffers 
at various pH values, in methanol, and in human plasma are reported. 
The decomposition rate increased with increasing pH and was inde- 
pendent of solvent or buffer species. The mechanism appears to be an 
energy transfer process involving triplet riboflavin and singlet oxygen. 
Riboflavin-enhanced photodecomposition of uric acid occurred in uitro 
in hyperuricemic human plasma. 


Keyphrases 0 Uric acid-in uitro photodecomposition in presence of 
riboflavin, effect of pH and solvent 0 Riboflavin-effect on in vitro 
photodecomposition of uric acid, various pH's and solvents Photode- 
composition-uric acid in presence of riboflavin, effect of pH and solvent 
0 Vitamins-riboflavin, effect on in vitro photodecomposition of uric 
acid, various pH's and solvents 


The successful phototherapy of psoriasis was reported 
using methoxsalen and longwave UV light (l), and pho- 
totherapy alone was used to treat neonatal hyperbiliru- 
binemia (2-4). Riboflavin was reported to enhance bili- 
rubin photocatabolism in rats (5). 


Recently, an in vitro photodecomposition of uric acid 
was observed in the presence of the monosodium salt of 
riboflavin 5'-phosphate (I) and visible light in aqueous 
solutions (6). Increasing the I concentration appeared to 
increase the disappearance rate of uric acid. The addition 
of potassium iodide (10-3 M) to the reaction mixture re- 
tarded photodecomposition. 


Because of the potential clinical importance of this ob- 
servation (treatment of hyperuricemia), experiments were 
undertaken to characterize the pH dependence of the re- 
action and to determine if the reaction would proceed in 
a nonaqueous solvent, if the reaction was oxygen depen- 
dent, and if photodecomposition would occur in vitro in 
human plasma. 


EXPERIMENTAL 


The irradiation light box used standardized test tubes distributed 
radially at equal distances (approximately 26 cm) measured from the 
center of the test tubes to the center of a vertically positioned, unfiltered 
15-w fluorescent bulb' emitting visible light. The inside of the apparatus 
was painted flat black to reduce any internally reflected light, and the 
outside was draped with black cloth to eliminate external light. The light 
intensity was monitored using a light meter placed underneath a test tube 
and was held constant using a transformer2. 


The light intensity was approximately 40 foot-candles for all experi- 
ments, except the plasma study performed at approximately 50 foot- 
candles. Test tubes used for the irradiation? were standardized ( f2%)  
by measuring" the absorbance of a 9.7 X M aqueous I solution at 450 
nm. 


All solutions were prepared using deionized water, except for the 
methanol studies, and stock solutions of uric acid and riboflavin were 
prepared fresh daily. Irradiation, spectrophotometric analysis5, and all 
sample preparation were performed in a darkened laboratory. Plasma 
samples, analyzed by high-pressure liquid chromatography (HPLC), were 
kept in light-resistant containers from which samples were with- 
drawn. 


Reagents-Uric acid6, lithium carbonate6, and the monosodium salt 
of I7 were used as received. All other solvents and reagents were reagent 
grade. 


HPLC System and Conditions-HPLC analysis8 was performed at 
a fixed wavelength of 280 nm, using a stainless steel column (0.61 m X 
2 mm i.d.) packed with an anion-exchange materialg (7). A Sorenson 
phosphate buffer, pH 5.9, was the eluting solution. 


Buffers-Sorenson phosphate buffers of approximately pH 5,6, 7, 
and 8 and a Delory and King carbonate buffer of approximately pH 9 were 


Sylvania F15T8-CW. 


Pyrex No. 9800. 
Coleman Jr. I1 spectrophotometer. 
Beckman model 25 recordin s ectrophotometer. 


* Powerstat type 3PN11688, Superior Electric Co., Bristol, Conn. 


6 J. T. Baker Chemical Co., Pfilipsburg, N.J. 
7 Nutritional Biochemical Co., Cleveland, Ohio. 
a Waters Associates liquid chromatograph model 6000 with Soltec recorder. 
9 VYDAK AM, Catalog No. 301. The Separations Group, Hesoeria, Calif. 
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Table I-Observed Rate Constants for Uric Acid 
Photodecomposition in the Presence of Riboflavin 


Solvent PH Kobs, hr-' 
Phosphate buffer 5.20 0.102 
Phosphate buffer 6.05 0.152 
Phosphate buffer 6.90 0.185 
Phosphate buffer 8.02 0.255 
Phosphate buffer 8.90 0.317 
Carbonate buffer 8.90 0.320 
Methanol - 0.198 


manner as the pH studies, except that methanol was used as the solvent 
and pH values were not recorded. Spectrophotometric analysis was 
performed at  293 nm using irradiated I solutions as blanks. 


Plasma Studies-Samples of 15 ml of plasma containing either uric 
acid plus I or uric acid alone were irradiated as already described. After 
irradiation, all samples were transferred to light-resistant containers and 
frozen until analyzed. The unfrozen samples were subjected to ultrafil- 
tration12 under darkened laboratory conditions prior to analysis, and the 
filtrate was collected in light-protected containers. Triplicate 20+1 ali- 
quots of each filtrate were analyzed by HPLC. 


A standard curve was prepared using filtered plasma solutions that 
were first spiked with uric acid plus I or uric acid alone. Analyses also were 
performed on samples of the original plasma to determine endogenous 
uric acid levels. 


Anaerobic Studies-A 1000-ml volumetric flask containing ap- 
proximately 900 ml of deionized water and a 500-ml volumetric flask 
containing 10.0 mg of uric acid dissolved in 2.5 ml of lithium carbonate 
(5.41 X M )  and brought to approximately 400 ml with deionized 
water were each boiled for 0.5 hr. After the heat was removed, nitrogen 
was bubbled through both solutions for 15 min. Then both solutions were 
capped and cooled. A 100-ml flask and 16 test tubes were flushed with 
nitrogen and placed in a glove bag13 under a continuous nitrogen flow. 
A test tube rack and previously weighed packets of I (2.0 and 10.0 mg) 
were also placed in the bag, which was then sealed with clamps. 


The laboratory lights were extinguished, and solutions of uric acid (1.19 
X M )  plus I (3.88 X 10-5 M )  and I alone (3.88 X 10-5 M )  were pre- 
pared in the glove bag. Four blanks and 12 test solutions were placed in 
the test tubes, and the tubes were capped with waxed paper14-covered 
corks. The test tubes were removed from the bag, wiped clean, and placed 
in the light box. The glove bag was then placed over the light box to 
provide a nitrogen blanket during the experimental run. Spectrophoto- 
metric analysis was performed as previously described. 


5 
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W 


n I  
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Figure 1-Apparent first-order photodecomposition of uric acid (1.19 
X 10-4 M) in the presence of riboflavin (3.88 X M) in various 
phosphate buffers. Each point represents the average of four separate 
experiments performed in triplicate. 


prepared. In addition, a phosphate buffer of approximately pH 9 was 
prepared by adjusting the pH of 0.067 M dibasic sodium phosphate so- 
lution with l M NaOH. All buffers were boiled for 10 min after prepa- 
ration, cooled, oxygenated for 5 min, and stored in the refrigerator. Before 
use, the buffers were removed from the refrigerator and allowed to reach 
room temperature. 


M )  and uric acid 
(5.96 X M )  were prepared. The uric acid stock solution was prepared 
by solubilizing 10.0 mg of uric acid in 2.5 ml of 5.41 X lo-' M lithium 
carbonate solution in a 10-ml volumetric flask and bringing the solution 
to volume with deionized water. 


Test Solutions-Test solutions containing I (3.88 X lop5 M )  plus uric 
acid (1.19 X W4 M) and blanks containing I alone (3.88 X loT5 M) were 
prepared from the stock solutions, the various buffers, and methanol. Test 
solutions of human plasma'O were prepared containing uric acid (2.98 
X M) plus I (3.88 X M )  or uric acid alone (2.98 X M )  from 
the stock solutions. The uric acid concentrations in the plasma samples 
were elevated to simulate the levels in hyperuricemic patients. 


pH Studied-The standardized test tubes, each containing 10 ml 
of test solution or blank, were placed in the irradiation apparatus for light 
exposure. Other samples were kept in the dark. A stopwatch was used 
to measure sampling times, and tubes were removed randomly at each 
time interval. The pH of each solution was recorded before and after ir- 
radiation. The decrease in uric acid peak height was recorded using 
similarly irradiated I solutions as blanks. The wavelength for maximum 
absorption of the uric acid exhibited a bathochromic shift with increased 
pH (277 nm at  pH 5.2 and 287 nm at  pH 8.9). 


Methanol Studies-These studies were performed in the same 


Stock Solutions-Stock solutions of I (1.94 X 


methanol 


pH 8.90 
carbonate 


20 J 


1 2 3 4 
HOURS 


Figure 2-Apparent first-order photodecomposition of uric acid (1.19 
X M) in methanol 
and in a carbonate buffer. Each point is the average of four separate 
experiments performed in triplicate. 


M) in the presence of riboflavin (3.88 X 


' 0  Outdated plasma, obtained from the Travis County Blood Bank, Austin, 


l1 Model 5 pH meter, Corning Scientific Instruments. 
Tex. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the pH dependence of the observed first-order 
disappearance of uric acid in the presence of visible light and riboflavin. 
There was no measurable decrease in uric acid when uric acid alone was 
exposed to light or when uric acid plus riboflavin was maintained in the 
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Figure 3-Effect of oxygen on the photodecomposition of uric acid (1.19 
X M). Key: 0, 
deoxygenated solutions; and A, nondeoxygenated solutions (6). Each 
point represents the average of three separate experiments performed 
in triplicate. 


M) in the  presence of riboflavin (3.88 X 


l 2  Millipore 47-mm stirred ultrafiltrationcell XX42 047 10 with Pellicon mem- 


l 3  Model X-37-37, Instruments for Research and Industry, Cheltenham, Pa. 
l4 Parafilm. 


brane (PT Series, 10K). 
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Figure 4-Semilogarithmic plot of the observed rate constant versus 
pH in phosphate buffer. 


dark. The pH of the buffered solutions showed no significant change 
during the experiments. Figure 2 also shows that the photodecomposition 
occurred in methanol, indicating that the reaction is not solvent depen- 
dent. 


Table I lists the observed first-order rate constants calculated for each 
buffer solution and methanol. The rate constants a t  pH 8.9 for both the 
phosphate and carbonate buffers are in good agreement, indicating that 
the process is dependent on pH and not the buffer species. 


As shown in Fig. 3, the absence of oxygen inhibits the photodecom- 
position of uric acid in the presence of riboflavin and light. The approx- 
imate 10% loss of uric acid during the 1st hr plus the 5% decrease over the 
next 3 hr is considerably less than the almost 80% decrease previously 
shown to occur aerobically under the same conditions (6). The occurrence 
of some photodecomposition may be attributed to residual oxygen not 
removed during the deoxygenation procedures. Hartley and Kilby (8) 
showed a similar fast initial hydrolysis of p-nitrophenyl acetate in the 
presence of chymotrypsin followed by a slower steady-state release of 
product. 


Many photooxidation reactions proceed via singlet oxygen. It was 
proposed that the photooxidation of bilirubin alone proceeds by singlet 
oxygen (9). An increase in singlet oxygen production was found with an 
increase in pH of aqueous solutions containing a photosensitizer (10). 
Figure 4 shows that the observed rate constant increased with an increase 
in pH; this increase seems to involve singlet oxygen in the uric acid 
photodecomposition. 


Flavin triplet also seems to be implicated in the process. Previous work 
(6) showed that potassium iodide inhibited the reaction. Potassium iodide 
is known to be an effective quencher of the riboflavin triplet state (11, 
12). Digenis et al. (13) proposed that riboflavin triplet is involved in the 
anaerobic photodecomposition of 2-chloro-9-(3-dimethylamino- 
propy1)acridan phosphate to its acridine derivative through an energy 
transfer process. 


Riboflavin triplet is capable of generating singlet oxygen (14,15). It 
was proposed that both riboflavin triplet and singlet oxygen are involved 
in bilirubin photodecomposition in the presence of riboflavin (16). 
Therefore, the following mechanism (Scheme I) is proposed to account 
for uric acid photodecomposition in the presence of riboflavin. Light 
absorption by ground-state riboflavin, RbO, produces riboflavin singlet, 
Rbl. A radiationless transition of riboflavin singlet produces riboflavin 
triplet, Rb3, which, upon collision with ground-state oxygen, 0z3, gen- 
erates singlet oxygen, 0 2 1 ,  via energy transfer. The singlet oxygen reacting 
with uric acid gives the decomposition products. 


Figure 5 shows the effect of light on the 450-nm peak of riboflavin in 
both the absence and presence of uric acid. This peak showed a decrease 


RbO + hv - Rbl (riboflavin singlet) 
Rbl - Rb3 (riboflavin triplet) 


Rb3 t Oz3 -+ Rbo + 0 2 1  (singlet oxygen) 
02 '  + uric acid - products 


Scheme I 


" I  \.B 
50 


0 1 2 3 4 
HOURS 


Figure 5-Effect of light on the 450-nm peak of riboflauin. Key: A, ri- 
boflavin alone (3.88 X M); and B, riboflauin (3.88 X 10-5 M) plus 
uric acid (1.19 X M). Each point represents the average of three 
experiments performed in triplicate. 


of 12% in the absence of uric acid and a 47% decrease in the presence of 
uric acid. On a molar basis, uric acid disappearance was approximately 
10 times greater than was the riboflavin loss, as evidenced by the decrease 
in the 450-nm peak. Thus, uric acid photodecomposition is not a coupled 
oxidation-reduction involving reduced flavin. 


There was no spectral evidence for complex formation between the 
substrate and riboflavin. The spectra for mixtures of riboflavin plus uric 
acid exhibited the expected additivity of the spectra for both uric acid 
and riboflavin alone (Fig. 6). 
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Figure 7-Photodecomposition of uric acid in  the presence of riboflavin 
in human plasma. Each line represents a different human plasma. Each 
point represents the auerage of triplicate determinations. 


The plasma curves (Fig. 7) indicate that the photodecomposition oc- 
curred in plasma in  uitro. Uric acid levels at the termination of each ex- 
periment were lower than endogenous levels. Plasma containing uric acid 
in the absence of riboflavin showed no significant loss of uric acid after 
exposure to light for 24 hr. During HPLC analysis, the uric acid peak 
appeared 2.75 min after sample injection. A minor peak, which was not 
present in the aqueous solutions, was observed 1.75 min after sample 
injection and may he attributed to a lower molecular weight compound 
which was not retained by the membrane filter. The nonlinearity of the 
plasma curves may be due to the settling out of less translucent plasma 
components during irradiation. Also, a more complex reaction may occur 
in plasma than in the aqueous solutions. 
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Abstract 0 The electrode processes for the reduction of several tetra- 
cyclines by ac polarography were examined. In pH 4.0 Walpole acetic 
acid-acetate buffer, two main waves occurred; the first was quasire- 
versihle and the second was reversible. Results showed that the first wave 
can readily he used for quantitative work. The second wave would also 
be suitable provided that there was no interference from other electro- 
reducible substances. 


Keyphrases Tetracyclines, various-ac polarographic analysis, 
electrode processes identified Polarography, ac-analysis, various 
tetracyclines, electrode processes identified 0 Antibacterials-various 
tetracyclines, ac polarographic analysis, electrode processes identified 


Many methods have been reported for the quantitative 
analysis of the tetracycline antibacterials (l), including a 
range of electroanalytical methods (2). One method uti- 
lized ac polarography for the assay of tetracycline, chlor- 
tetracycline, and oxytetracycline with a mercury pool 
reference electrode (3). This method also was used to an- 
alyze doxycycline capsules (4). Studies on minocycline, 
lymecycline, and demeclocycline have not been reported. 
Therefore, it was of interest to see whether these antibi- 
otics behaved similarly and to extend the examination, 


using phase-sensitive ac polarography, to some pharma- 
ceutical preparations on the British market. 


Previous workers (3,4) who investigated the application 
of ac polarography to tetracycline analysis made no at- 
tempt to determine whether the wave was the result of a 
reversible, a quasireversible, or an irreversible electrode 
process. Bond (5) stated that a knowledge of the revers- 
ibility of the electrode reaction involved is very important 
when using ac polarography for quantitative analysis but 
that the analytical use of quasireversible ac electrode 
processes can be extremely unreliable. Moreover, irre- 
versible electrode processes may be a source of interference 
(5). 


EXPERIMENTAL 


Apparatus-All polarograms were obtained on a polarograph' 
equipped with a saturated calomel electrode (SCE), a dropping mercury 
electrode (DME), a mercury pool counter electrode, and a drop timer. 


1 Cambridge polarographic analyzer model 82P. 


1564 I Journal of Pharmaceutical Sciences 








TLC Sensitivity of 
Six Modifications of Dragendorff's Reagent 


LINDA B. RUBIA and RALPH GOMEZ" 


Abstract 0 The relative sensitivities of six modifications of Dragen- 
dorff's reagent were measured on TLC plates by spectrodensitometry, 
using compounds containing specific functional groups. A correlation 
between the structures of the compounds reactive to Dragendorff's re- 
agents and the sensitivities of the reagents was made. Explanations for 
the variations in sensitivities between different modifications of Dra- 
gendorff's reagent are given. 


Keyphrases Dragendorff s reagent-several modifications, effect on 
relative TLC sensitivities of compounds containing various functional 
groups 0 TLC-effect of modifications of Dragendorffs reagent on rel- 
ative sensitivities of compounds containing various functional groups 


Structure-activity relationships-compounds containing various 
functional groups, effect of modification of Dragendorff's reagent on 
relative TLC sensitivities 


Dragendorff s reagent is a commonly used spray reagent 
for the detection of nitrogen-containing compounds in the 
TLC analysis of pharmaceutical products (1-3). Its sen- 
sitivity of detection of different compounds, relative ease 
of preparation, and stability are some reasons for its ex- 
tensive use. Dragendorffs reagent has been known for over 
a century (4) and has been used as a TLC reagent for over 
25 years. 


Many modifications have been suggested to increase its 
sensitivity, specificity, and stability (5-8). The purpose of 
this investigation was to determine whether any modifi- 
cation offered advantages over the others and whether one 
could be used as a general spray reagent for the detection 
of nitrogen-containing active pharmaceuticals. 


The sensitivities of six modifications of Dragendorff s 
reagent were measured on TLC plates by spectrodensito- 
metry, using compounds containing specific basic func- 
tional groups. The sensitivities of the modifications were 
determined, and their reactivity to the functional groups 
was studied. The reactions that explain the differences in 
sensitivities between the reagents are discussed. 


EXPERIMENTAL 


Equipment-A spectrodensitometer' equipped with a monochro- 
mator was used. The wavelength was 500 nm, and the signal was fed into 
a properly attenuated recorder. 


Materials and Reagents-Plates-Silica gel G was slurried with 
water and coated on 20 X 20-cm glass plates using a mechanically oper- 
at.ed TLC coating apparatusz. The plates were dried a t  40" overnight; 
the average layer thickness was 0.25 mm. 


Solutions-The following solutions were prepared: 1% (w/v) aqueous 
sodium nitrite, 40% (w/v) aqueous potassium iodide, 1.7% (w/v) bismuth 
nitrate in 20% (v/v) acetic acid, and 10% (w/v) aqueous sulfuric acid. 


Acid-Modified Dragendorff's Reagent (Reagent A)-Potassium iodide 
solution, 100 ml, was added to 100 ml of bismuth nitrate solution, and 
the mixture was diluted to 1 liter with 10% (w/v) sulfuric acid. 


Peroxide-Acid- Modi fied Dragendorff's Reagent (Reagent B )-To 
300 ml of Reagent A, 0.6 ml of 30% hydrogen peroxide was added. 


Iodine-Acid-Modified Dragendorff's Reagent (Reagent C)-To 300 
ml of Reagent A, 6 g of iodine crystals was added. Then the mixture was 
shaken for 30 min. 


Schoeffel model SD 3000. 
Camag model 21-602. 
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Acid-Modified Dragendorff's Reagent Oversprayed with Sodium 
Nitrite (Reagent D)-After spraying the TLC plate with Reagent A, the 
plate was lightly sprayed with sodium nitrite solution. 


Peroxide-Acid-Modified Dragendorff's Reagent Oversprayed with 
Sodium Nitrite (Reagent El-After spraying the TLC plate with Re- 
agent B, the plate was lightly sprayed with sodium nitrite solution. 


Iodine-Acid-Modified Dragendorff's Reagent Oversprayed with 
Sodium Nitrite (Reagent 8')-After spraying the TLC plate with Reagent 
C, the plate was lightly sprayed with sodium nitrite solution. 


Iodine Solution-To 10 ml of 40% potassium iodide solution, 2 g of 
iodine crystals was added. The mixture was diluted to 100 ml with 10% 
(w/v) sulfuric acid and mixed well. 


Samples and  Standard-The compounds studied were: 4-amino- 
benzoic acid (I), 4-(N-methylamino)henzoic acid (11),4-(N,N-dimeth- 
y1amino)benzoic acid (1111, edrophonium chloride (IV), dodecylamine 
(V), tetramethylammonium bromide (VI), levodopa (VII), acetamide 
(VIII), trimethylsulfonium iodide (IX), henzyltriphenylphosphonium 
chloride (X), diphenylguanidine (XI), 4-nitroaniline (XII), 2-nitroaniline 
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Table I-Relative ResDonse to Draaendor f f s  Reagents 


Com- Reagent Reagent Reagent Reagent Reagent Reagent 
pound A B C D E F 


I 0.2 0.7 0.9 1 .o 0.8 1.0 
I1 0.2 0.9 1.6 1.2 1.2 1.6 
111 0.4 1.4 2.8 2.4 2.5 2.9 
IV 0.9 2.8 3.8 3.9 3.9 4.4 
V 0.6 1.0 1.2 1.4 1.3 2.6 


VI 1.7 3.7 4.2 3.8 3.6 4.4 
VII 0.0 0.0 0.0 0.0 0.0 0.0 


VIII 0.0 0.0 0.0 0.0 0.0 0.0 
IX 0.9 2.7 3.4 3.5 4.3 4.i 
X 1.4 3.5 4.7 4.5 4 8  5.1 


XI 0.5 2.1 2.9 3.1 4.1 4.9 
XI1 0.2 0.9 1.2 0.9 1.6 1.8 


XI11 0.4 0.5 0.7 0.4 0.8 0.5 
XIV 0.1 0.2 0.7 0.2 0.6 0.8 


(XIII), and 3-nitroaniline (XIV). Solutions of the compounds were pre- 
pared in either chloroform or chloroform-methanol (92:8) at a concen- 
tration of 0.6 mg/ml. The standard was 1% (w/v) methanolic thymol blue 
(thymolsulfonphthalein sodium salt). 


Procedure-A 20 X 20-cm TLC plate was scored into 20 parallel 1-cm 
lanes. With a syringe, alternate lanes were spotted with 5 pl of sample 
solution. The spots were thoroughly dried, and the plates were sprayed 
evenly with 10 ml of Dragendorff‘s reagent. Then the plates were im- 
mediately covered with a 20 X 20-cm piece of clear glass and scanned. Five 
determinations on five separate plates were performed for each sample. 
On each plate, 2 pl of thymol blue solution was spotted. The areas of all 
spots were measured relative to the area of the thymol blue spot. 


RESULTS AND DISCUSSION 


The relative sensitivities of 14 compounds sprayed with six modifica- 
tions of Dragendorff’s reagent are summarized in Table I. In most cases, 
Reagent F proved to be the most sensitive, followed by Reagent C. Re- 
agents A and B had the lowest sensitivities, while Reagents D and E had 
intermediate sensitivities. 


An explanation for the observed order of sensitivities may be found 
in the preparation of the reagents since the relative sensitivity of each 
reagent can be roughly correlated to the amount of available iodine. To 
illustrate this correlation, IV-VI and IX-XI were spotted on TLC plates, 
sprayed with a solution of iodine of an equal concentration, and prepared 
in the same solvent as Dragendorfrs reagent. The relative responses for 
IV, V, VI, IX, X, and XI were 4.0,1.7,4.1,3.3,5.3, and 3.9, respectively. 
These results show that the relative areas were similar to those obtained 
for Reagents C and F and greater than those obtained for Reagents A and 
B, which do not contain added iodine, and indicate that the high sensi- 
tivity of Reagents C and F is due largely to their iodine content. 


The contribution of sodium nitrite to the total sensitivity of the reagent 
can be seen from the data in Table I. Comparison of the data for Reagents 
A and D shows that the latter was more sensitive. Similar results are seen 
when Reagents B and E and C and F are compared. The difference be- 
tween reagents in each pair is that Reagents E and Fare oversprayed with 
sodium nitrite solution while B and C are not. This increase in sensitivity, 
therefore, is attributed to sodium nitrite overspraying. As Fike (9) pro- 
posed, sodium nitrite releases iodine from the excess iodide in the re- 
agents, which enhances the sensitivity. 


A possible reaction that explains the role of sodium nitrite in the re- 
agent is shown in Scheme I (10). 


2N02- + 21- + 4H+ - 12 + 2NO + 2H20 
Scheme I 


The contribution of hydrogen peroxide to the sensitivity of the reagent 
can be seen by inspecting Table I, which shows that Reagent B was more 
reactive than Reagent A. The only difference in the two is that  Reagent 
B has added hydrogen peroxide. Hydrogen peroxide reacts with excess 
iodide in the reagent to liberate iodine, similar to sodium nitrite. 


A possible reaction is shown in Scheme I1 (10). 


HzO2 + 2H+ + 21- - 12 + 2HzO 
Scheme I t  


Reagent 3 cannot be expected to be as sensitive as the other reagents 
containing iodine or oversprayed with sodium nitrite, since the amount 
of hydrogen peroxide added is small and, therefore, the amount of iodine 
that can form and be available for reaction is small. 


The data show that addition of crystalline iodine or formation of iodine 
by reaction with sodium nitrite or hydrogen peroxide increased the 
sensitivity of each reagent over its noniodine-containing counterpart. 


Table I shows that IV, VI, IX, and X were the most reactive with 
DragendorfPs reagents, while 111 and XI were close behind in reactivity. 
These reactive compounds are quaternary nitrogen and phosphorus salts 
and tertiary sulfur salts. Compounds 111 and XI are tertiary amines, which 
can be easily converted to quaternary amine salts by reaction with the 
excess sulfuric acid in the reagents. Presumably, reaction with the reagent 
then proceeds by the same mechanism as with the salts. 


Compounds I, V, XII, XIII, and XIV, all primary amines, had a rela- 
tively low reactivity with the reagents, although V, the aliphatic primary 
amine, had a higher sensitivity than the other four compounds. 


Compounds VII and VIII, an amino acid and amide, respectively, did 
not react with any of the six modifications of the reagent. 


For a homologous series, 1-111, reactivity increased from primary to 
secondary to tertiary amine; with ortho-, para- and meta-substituted 
nitroanilines, reactivity was generally poor and the order of reactivity 
varied with the reagent. 


The role of light and air on the stability of plates sprayed with Reagent 
C was investigated. Duplicate plates were spotted with 3 pg of IV, sprayed 
with Reagent C, and immediately covered with a 20 X 20-cm piece of plain 
glass. The sides were sealed with tape. One plate was left exposed to room 
light, and the second was kept in the dark. Both plates were periodically 
scanned on the densitometer. After 5 hr, the relative areas of the spots 
were fairly constant for both plates. 


The experiment was repeated. This time the plates were left uncovered. 
After several hours, the spots had faded a great deal. However, the de- 
crease was approximately the same for the plate exposed to light and the 
plate kept in the dark. This result indicates that the spot on the plate is 
not light sensitive but appears to be sensitive to air. 


Since Dragendorffs reagent is used extensively in the pharmaceutical 
industry for the detection of nitrogen-containing drug substances on TLC 
plates, these results should aid in improving the detection limits of these 
active drug substances and their degradation products on TLC plates. 
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[silica gel, chloroform-methanol (41)]. Compound IIIb, 960 mg (22%), 
was obtained as tan flakes from ether-petroleum ether, mp 212-215’ dec.; 
mass spectrum: m/e >150,439 (M + H, 18.9),438 (M+, 1.8), 406 (3.8), 
365 (74.8), 352 (27.9), 309 (15.3), 268 (loo), 266 (12.8), 178 (33.5), and 154 
(27.3); methane chemical-ionization mass spectrum: m/e >250,440 (M 
t 2H, loo), 439 (M + H, 71.1), 424 (27.1), 422 (22.6), 365 (8.3), and 268 
(24.0). The electron spin resonance spectrum of IIIb exhibited the usual 
three-line pattern for a nitroxide derived from tetramethylpiperidine. 


Anal.-Calc. for C26H37N303: C, 71.20; H, 8.27; N, 9.58. Found; C, 
71.12; H, 8.11; N, 9.81. 


A small portion of this material was treated with excess ethereal dia- 
zomethane. Evaporation of solvent and excess diazomethane afforded 
a crystalline residue identical to IIIa in all respects (melting point, IR, 
TLC, and mass spectral data). 


Also isolated from column chromatography of this reaction mixture 
was a component having an Rf similar to that of IVb. This substance was 
identified as IIc by its melting point and IR and mass spectra. No IVb 
was eluted from the column. 
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Radiochemical GLC Assay for Nortriptyline in 
Human Plasma 


ARTHUR LOH, FRANCIS R. ZULESKI, and 
FREDERICK J. Di CARL0 


Abstract A novel method was developed for the assay of nortriptyline 
in plasma. After nortriptyline was extracted, it was acetylated with 
3H-acetic anhydride; the quantity of 3H-acetylnortriptyline in the extract 
was determined by radiochemical GLC. The method is capable of 
assaying 5 ng of nortriptyline/ml of plasma. The instrumentation was 
assembled from commercially available components. 


Keyphrases Nortriptyline-radiochemical GLC analysis, human 
plasma 0 Radiochemical GLC- -analysis, nortriptyline in human plasma 
0 GLC, radiochemical-analysis, nortriptyline in human plasma 
Antidepressants-nortriptyline, radiochemical GLC analysis in human 
plasma 


The assay of nortriptyline in plasma is important be- 
cause its clinical activity is related to plasma levels (1,2), 
which vary remarkably among individuals even at  steady 
state (3, 4). GLC methods for nortriptyline assay (5-7), 
although capable of detecting 10-20 ng of compound/ml 
of plasma, are frequently inadequately sensitive for mea- 
suring the levels attained after a single dose. A recently 
published TLC assay is considerably less sensitive, having 
a lower limit of 50 ng/ml(8). 


Zuleski et al. (9) developed a nortriptyline assay 


method which involved extracting the compound from 
plasma by a modification of the method of Hammer and 
Brodie (lo), acetylating it with 14C-acetic anhydride, 
separating acetylnortriptyline by TLC, locating this de- 
rivative by radiochromatogram scanning, removing it from 
the plate, and counting it by scintillation spectrometry. 
The present approach was more direct. Radiochemical 
GLC was performed directly following derivatization with 
3H-acetic anhydride. Thus, 3H-acetyln~rtriptyline was 
resolved and counted simultaneously. Despite the wide 
applicability of radiochemical GLC to drug metabolism 
studies, this method has been developed only in a few 
laboratories (11-13). The present investigation shows that 
the method can be developed using commercially available 
components. 


EXPERIMENTAL 


Reagent.~-~H-Acetic anhydride (50 rnW4.36 mg in 5 ml of dry 
benzene) was received’ in a sealed ampul. A 0.05-ml aliquot of this so- 


l New England Nuclear, Boston, Mass. 
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lution was transferred quantitatively to a 50-ml volumetric flask with 
benzene, which had been dried over metallic sodium and then diluted 
to volume with the same soIvent. Air in the neck of the flask was displaced 
gently with dry nitrogen; the flask was stoppered, sealed with tape, and 
stored under refrigeration in a bottle containing desiccant (calcium sul- 
fate). The bottle and its contents were allowed to equilibrate to room 
temperature before opening. After using a portion of the 3H-acetic an- 
hydride solution, the flask was prepared for storage as described. 


Nortriptyline hydrochloride was used as received2. Reagent grade 
solvents were used in this study. 


Radiochemical GLC-An oven and proportioning temperature 
controller3 were connected to a gas proportional counter4 by a heated 
glass-lined metal tube. The gas chromatograph was fitted with a 1.83-m 
X 2-mm i.d. coiled-glass column packed with 20% SE-30 on 80-100-mesh 
Gas Chrom Q. Oven and injector temperatures were set at 215 and 245O, 
respectively. 


Helium was used as carrier gas at a flow rate of 50 ml/min. The transfer 
line to the gas proportional counter was maintained at  237'. The hy- 
drogen and propane (quench gas) flow rates were 10 and 2.5 ml/min, re- 
spectively. The temperature of the oxidizer and reduction furnace was 
750'. 


Standard Nortriptyline Solutions-Nortriptyline hydrochloride 
(1 1.35 mg) was dissolved in 10 ml of distilled water to produce a free base 
concentration of 1.0 mg/ml. From this solution, others were prepared in 
duplicate concentrations of 100,50,25, 12.5, and 6.25 ng/ml. 


Nortriptyline Extracts and Derivatization-Twelve 2.0-ml aliquots 
of normal human plasma were placed into 15-ml polyethylene-stoppered 
conical test tubes. Duplicate standard nortriptyline solutions (1.0 ml) 
were added to 10 of these tubes, and water (1.0 ml) was added to the other 
two tubes to serve as blanks. Then 0.5 ml of 1 N NaOH was mixed with 
the contents of each tube. 


Each plasma specimen was extracted twice with 5.0 ml of n-hexane. 
Any emulsion was broken by placing the tube into a dry ice-acetone 
mixture followed by thawing and recentrifugation. The hexane layer was 
transferred to another tube with an isopentyl alcohol-pretreated pipet 
(10). The combined hexane extracts were evaporated to  dryness with 
nitrogen, and the residue was dissolved in 0.65 ml of dry benzene. 3H- 
Acetic anhydride solution, 100 pl, and 0.25 ml of pyridine were added to 
the benzene solution, which was then mixed thoroughly and incubated 
at  60' for 1 hr. 


After the solvent was evaporated in a water bath at  go', 2.0 ml of 0.1 
N NaOH was added and the tube was shaken for a few seconds. Then the 
solution was placed in a water bath at  95" for 15 min. The solution was 
cooled to room temperature, and acetylnortriptyline was extracted with 
two 5.0-ml aliquots of heptane. The combined heptane extracts were 
evaporated under nitrogen. Then the inner wall of the tube was washed 
down with heptane, and the solvent was evaporated to dryness. Each 
residue was dissolved in 50 p1 of heptane. 


Measurement of 3H-Acetylnortriptylfne-Aliquots (10 pl) of each 
plasma blank and 3H-acetylnortriptyline solution in heptane were in- 
jected into the gas chromatograph. The area under each radioactive peak 
on the chromatograms was measured by planimetry. A standard curve 
was constructed by plotting mean areas against quantities of nortriptyline 
(expressed as free base) per milliliter of human plasma. 


RESULTS 


No peak appeared on chromatograms of "blanks" consisting of plasma 
and "-acetic anhydride. Under the described operating conditions, 
radiochemical GLC yielded a single peak representing 3H-acetyl- 
nortriptyline (Fig. 1). The retention time of this compound was 31.8 min 
from each plasma extract. A linear standard curve resulted from plotting 
peak areas against human plasma concentrations of nortriptyline ranging 
from 3.125 to 50.0 ng/ml. This curve passed through the intercept of the 
ordinate and abscissa; the peak area per nanogram of nortriptyline was 
0.658 cm2. By preparing the extracted acetylnortriptyline concentrate 
as described and using only one-fifth of i t  for assay, the radiochemical 
GLC method was reliable for levels of nortriptyline down to 5 ng/ml of 
plasma. 


DISCUSSION 


The radiochemical GLC assay has advantages over other methodology 


Eli Lilly, Indianapolis, Ind. 
3 Warner-Chilcott, Morris Plains, N.J. 
4 Model 894, Packard Instrument Co., Downers Grove, Ill. 


w 
v) 
2 


v) 
w 
U 
U 
W 
0 
IT 
0 
0 
W 
U 


2 


I I I I 1 
0 10 20 30 40 


MINUTES 


Figure 1-Radiochemical gas chromatogram of :'H-acetylnortriptyline 
representing 10 ng of nortriptyline extracted from human blood plas- 
ma. 


for nortriptyline in plasma. It is more sensitive than the TLC (8) and GLC 
(5-7) methods that do not employ radioactivity. Although the radio- 
chemical GLC procedure is no more sensitive than the radiochemical TLC 
assay (9), it is shorter and more direct. As presently developed, both ra- 
dioassays can measure nortriptyline levels as low as 5 ng/ml. However, 
the sensitivity of these and other radioacetylation methods probably can 
be increased by using acetic anhydride of higher specific activity. The 
major expansion of radiochemical derivatization assays probably will be 
in the direction of broadening their application by employing other 
radiolabeled reagents. 
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Pharmacokinetic Evidence for Improved Ophthalmic 
Drug Delivery by Reduction of Instilled Volume 


THOMAS F. PATTON 


Abstract 0 The bioavailability of topically applied pilocarpine nitrate 
was studied as a function of instilled volume. As the instilled volume 
decreased, the fraction of dose absorbed increased. The relationship 
between fraction absorbed and instilled volume was not direct, but ap- 
propriate adjustment of instilled volume and concentration should permit 
substantial dosage reductions without sacrifice of drug concentration in 
the eye. The implications of these findings from both a therapeutic and 
toxicity standpoint are discussed. 


Keyphrases Pilocarpine nitrate-bioavailability, effect of instilled 
volume Bioavailability-pilocarpine nitrate, effect of instilled volume 


Ophthalmic cholinergics-pilocarpine nitrate, bioavailability, effect 
of instilled volume 


The drainage of an instilled drug solution away from the 
eye is considerable and can affect its biological activity (1). 
This drainage is dependent upon the volume instilled and 
increases linearly with instilled volume over a large range 
(1). This fact (2, 3) has been incorporated into experi- 
mental design. However, the concept of reducing drop size 
to improve ophthalmic drug delivery has not become 
widespread, perhaps because the pharmacokinetic ad- 
vantages of such an approach have not been empha- 
sized. 


A study of the dynamics of instilled fluid drainage (1) 
showed that the miotic activity of pilocarpine was en- 
hanced by administering the same amount of pilocarpine 
in decreasing volumes. No actual measurements of drug 
penetration to the interior of the eye were made. More 
recent studies showed that the bioavailability of 
ophthalmic drugs was improved by slowing the rate of 
drainage of instilled drug solutions (4-8). The measure- 
ment of drug concentration in the eye following the re- 
duction of instilled volume and the resultant phar- 
macokinetic parameters were not reported previously. 


In a recent study (9), the aqueous chamber drug distri- 
bution volume for ophthalmic drugs was calculated, 
thereby making it possible to define more precisely the 
pharmacokinetics of topically applied ophthalmic drugs. 
Therefore, the purpose of the present study is to show that, 
as the instilled volume of pilocarpine nitrate is decreased, 
the fraction of dose absorbed increases. As a result, the 
parameters of instilled volume and drug concentration can 
be quantitated to provide a desired level of drug in the 
eye. 


EXPERIMENTAL 


Pilocarpine Solutions-Pilocarpine nitrate was used as received'. 
Tritiated pilocarpine2, specific activity 4.1 Ci/mmole, was purified prior 
to use by evaporation as recommended previously (10). The concentration 
of pilocarpine nitrate used was 1 X M in all studies. Solutions were 
prepared in isotonic pH 6.24 Sorensen phosphate buffer and were filtered 
but not sterile. Procedures for the preparation of the tritiated solutions 
were described previously (10). 


Methods-Male, New Zealand, albino rabbits, 60-67 days old, were 
used. Prior to experimentation, the animals were.maintained in standard 
laboratory animal cages and allowed food and water ad libitum. During 
the experiments, all test animals were kept in restraining boxes in the 
normal upright position. The head was unencumbered so that all normal 
eye movements were maintained. The animals were unanesthetized in 
all cases. 


The volumes of instilled solutions administered were 5,10,15, and 25 
pl and were delivered accurately with a microliter syringe3. At  various 
times postinstillation (5,10, 15,20,30,45,60,90, and 120 min), rabbits 
were sacrificed with an overdose of pentobarbital sodium injected into 
a marginal ear vein. Eyes were immediately rinsed and blotted, and 
aqueous humor (at least 100 pl) was aspirated from the anterior cham- 
ber. 


One hundred microliters of aqueous humor was quantitatively trans- 
ferred4 to scintillation counting vials5 containing 5 ml of prerefrigerated 
liquid scintillation cocktail6. After storage in the dark at room temper- 
ature for a t  least 24 hr, samples were counted7. These counts were con- 
verted to micrograms of pilocarpine per milliliter of aqueous humor using 
suitable standard and blank corrections. 


RESULTS 


Aqueous humor concentration-time profiles of pilocarpine for the four 
instilled volumes are shown in Table I. These data were plotted semi- 
logarithmically, and the terminal slopes were calculated uia linear re- 
gression analysis. From these slopes, the elimination rate constants were 
calculated. By using the trapezoidal rule with extrapolation to infinity, 
the areas under the aqueous humor concentration-time profiles were 
calculated (Table 11). The apparent maximum in area under the curve 
with an instilled volume of 15 pl is currently unexplained. This maximum 
also was observed in other experiments and will be discussed in more 
detail later. 


Using rabbits of similar size and age, Conrad and Robinson (9) calcu- 
lated the aqueous humor distribution volume of pilocarpine to be 0.575 


1 Sigma Chemical Co., St. Louis, Mo. 
2 New England Nuclear, Boston. Mass. 
3 Hamilton Co., Reno, Nev. 
4 Biopette, SchwardMann, Orangeburg, N.Y. 
5 Mini-vial. ICN Isotoue and Nuclear Division, Cleveland, Ohio. 
6 Aquasol, New Englaid Nuclear, Boston, Mass. 
7 Model LS-150 liquid scintillation counter, Beckrnan Instruments, Fullerton, 


Calif. 
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loose and packing densities of powder blends containing magnesium 
stearate. The powder densities increased with blending time up to 
maximum limiting values. These changes in the density characteristics 
of powders with shear are presumably related to improved flow properties 
and are frequently reflected in their subsequent processing, e.g., in the 
fill weight and weight control during encapsulation. 


The evidence presented in this paper illustrates the potential liabilities 
stemming from the indiscriminate use of shearing or mixing devices to 
break up aggregates in the blending operations where magnesium stearate 
and other hydrophobic lubricants are in the formula. The intensity of 
mixing is an important processing variable, capable of altering the in uitro 
availability characteristics of pharmaceutical formulations. This result, 
in turn, potentially may influence the bioavailability of the dosage form. 
A knowledge of the shear effect on drug dissolution should be an integral 
part of formula development and scale-up studies of drug prepara- 
tions. 
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High-pressure Liquid Chromatographic Analysis of 
Methotrexate in Presence of Its Degradation Products 


DULAL C. CHATTERJI and JOSEPH F. GALLELLIX 


Abstract Two high-pressure liquid chromatographic methods are 
described for the quantitative determination of methotrexate in the 
presence of its contaminants and degradation products. Method 1 takes 
less than 15 min and is recommended for routine assays of methotrexate 
in commercial products. Method 2 takes about 35 min and is the method 
of choice to detect and quantitate large amounts of degradation products. 
Quantitation to a level of 1 pg of methotrexatelml is feasible by these 
methods and thus provides potential applicability for the analysis of 


~~ 


methotrexate in biological fluids. 


Keyphrases Methotrexate-high-pressure liquid chromatographic 
analysis, commercial preparations 0 High-pressure liquid chromatog- 
raphy-analysis, methotrexate in commercial preparations 0 Antineo- 
plastic agents-methotrexate, high-pressure liquid chromatographic 
analysis in commercial preparations 


Methotrexate is a folic acid antagonist widely used in 
cancer chemotherapy. However, methotrexate is con- 


taminated with its degradation products and other closely 
related folic acid analogs. Quantitation of the contami- 
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nants in commercial methotrexate preparations is im- 
portant because of the recent use of large doses (10-15 g) 
in humans. 


Most methods (1,2) for the assay of intact methotrexate 
in the presence of its contaminants andlor degradation 
products are time consuming. The USP (1) quantitative 
TLC method is subject to limitations of accuracy without 
an internal standard. Other methods such as competitive 
protein binding (3), although sensitive, are only suitable 
for biological samples because of their large coefficient of 
variation. A high-pressure liquid chromatographic (HPLC) 
method was reported for the separation of impurities in 
methotrexate (4). However, the quantitation of metho- 
trexate in the presence of its degradation products was not 
demonstrated. 


This report presents a sensitive and rapid HPLC 
method for the quantitative determination of metho- 
trexate in the presence of its contaminants and degrada- 
tion products. 


EXPERIMENTAL 


Apparatus-A liquid chromatograph] equipped with an injection 
valve2 capable of withstanding 7000 psig was used. The valve was such 
that any volume less than the loop volume could be loaded directly into 
the loop and subsequently injected into the column without stopping the 
flow. The liquid chromatograph also was equipped with a fixed wave- 
length UV detector for monitoring the column effluent at 254 nm3, a chart 
recorder4, and an electronic integrator5. The columns used were 50-cm 
X 2.1-mm (i.d.) stainless steel tubing prepacked with anion-exchange 
resin6 (30-44 pm) and 30-cm X 4-mm (i.d.) stainless steel tubing pre- 
packed with bonded amine7. 


Reagents-USP methotrexate reference standard*, mp 182-189", was 
used. 


Commercial preparations of methotrexate sodium for injection, 25 
mg/mlg, and 2.5-mg methotrexate tablets10 also were used. Acetonitrile 
was a glass-distilled spectrophotometric grade", and all other reagents 
were analytical grade. 


Two mobile phase solvents were used. Each liter of Solvent 1 contained 
0.3 mole of sodium perchlorate, 0.15 mole of monobasic sodium phos- 
phate, 0.15 mole of dibasic sodium phosphate, and 15 ml of acetonitrile. 
Each liter of Solvent 2 contained 0.075 mole of sodium perchlorate, 0.0375 
mole of monobasic sodium phosphate, 0.0375 mole of dibasic sodium 
phosphate, and 20 ml of acetonitrile. 


Unless otherwise noted, all solutions to be assayed were brought to 
volume with 0.1 M ammonia-ammonium bicarbonate buffer (pH 8.3). 


Reference Solution-A reference solution of methotrexate USP was 
prepared by accurately weighing approximately 10 mg of methotrexate 
USP in a 100-ml volumetric flask and bringing to volume with 0.1 M 
ammonia-ammonium bicarbonate buffer (pH 8.3). The reference solution 
was freshly prepared every 2 weeks, wrapped in aluminum foil, and stored 
in the refrigerator ( 2 4 " ) .  To generate a standard curve for calculations, 
this reference solution was appropriately diluted. 


Sample Solutions-All sample solutions were diluted to approxi- 
mately 10 mg of methotrexate/100 ml and assayed. 


Tablets-To minimize tablet weight variation, 10 tablets were tritu- 
rated in a glass mortar and the total powder was accurately weighed. A 
portion of the powder equivalent to one-tenth of the total weight was then 
accurately weighed, placed in a 25-ml volumetric flask, and diluted to 
volume with 0.1 M ammonia-ammonium bicarbonate buffer (pH 8.3). 
After shaking for 10 min, the solution was filtered and assayed. 


Injections-The contents of each vial were further diluted to an ap- 
propriate volume with ammonia buffer and assayed. 


I 


rI 


~~ 


Model 3500B, Spectra-Physics, Santa Clara, Calif. 
Velco type valve, Spectra-Physics, Santa Clara, Calif. 
Model 225, Spectra-Physics, Santa Clara, Calif. ' Varian A-25, Varian Associates, Palo Alto. CA 94303. 
Autolab System I, Spectra-Physics, Santa Clara, Calif. 
Vydac, E. Merck, Germany, marketed by Spectra-Physics, No. AX-107. 
PBondapak NH2, marketed by Waters Associates, Milford, Mass. 
Lot 1260x8105, Lederle Laboratories, Pearl River, N.Y. 
Lot 467-164,50 mg in 2-ml vials, Lederle Laboratories, Pearl River, N.Y. 


lo Lot 422-109, Lederle Laboratories, Pearl River, N.Y. 
l1 Aldrich Chemical Co., Milwaukee, WI 53233. 
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Figure 1-High-pressure liquid chromatograms of USP methotrexate 
reference standard solution by Method 1. Key: A, initial; B, heat de- 
graded, approximately 60%; C, light degraded, approximately 60%; 
I, methotrexate; and II ,  N'O-methylfolic acid. 


Heat-Degraded Solution-Approximately 10 mg of USP methotrexate 
reference standard was accurately weighed, placed in a 100-ml volumetric 
flask, and brought to volume with ammonia buffer. The solution was then 
packaged into ampuls, heated in an oven at 85" for 10 days, and as- 
sayed. 


Light-Degraded Solution-Approximately 10 mg of USP metho- 
trexate reference standard was accurately weighed, placed in a 100-ml 
flask, and brought to volume with ammonia buffer. The solution was then 
placed under a fluorescent light at room temperature for 6 days and as- 
sayed. 


Various degradation mixtures were then made up by accurately mixing 
known amounts of reference solutions and heat- and light-degraded so- 
l u ti o n s . 


Chromatographic Methods-HPLC Method 1 -A 50-cm anion- 
exchange column6 with the mobile phase (Solvent 1) at a flow rate of 0.6 
ml/min and pressure of about 500 psi was used. A 10-pl full loop sample 
volume was injected quantitatively into the column with the recorder set 
a t  0.04 full scale. After methotrexate was eluted, appearing as the last 
peak on the chromatogram, the column was ready for another run. 


The areas obtained under the peak heights were used for the calcula- 
tions. Total run time was 12-15 min. No internal standard was used, 
because a full loop volume was always quantitatively injected and the 
precision was calculated to be about 1%. Each sample run was immedi- 
ately followed by a run with the reference solution. 


A standard curve was prepared by determining the area ratios of dif- 
ferent concentrations of the reference solution and plotting them against 
their respective known concentration ratios: 


area of peak 1 of various dilutions of reference 
solution 


area of peak 1 of reference solution area ratio = 


concentration of various dilutions of 
reference solution 


concentration of reference solution concentration ratio = (Eq. 2) 


HPLC Method 2-Two columns, a bonded amine column7 nearer the 
injection site and an anion-exchange resin column6 in series, with the 
mobile phase (Solvent 2) a t  a flow rate of 0.8 mllmin and pressure of about 
1300 psig were used. The procedure was otherwise the same as Method 
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Table I-Comparison of Assay Results for Intact Methotrexate 
in Various Samples by HPLC Method 1 and the Cellulose 
Column Method 


1 25.0 mlb 100 100 100 
2 20.0 mlb + 5.0 mlc 88.4 88.34 f 1.01 89.0 
3 15.0 mlb + 10.0 mlc 76.8 76.93 f 0.79 
4 10.0 mlb + 15.0 mlc 65.2 65.58 f 0.94 66.7 
5 5.0 mlb + 20.0 mlc 53.6 54.20 f 0.32 
6 25.0 mlc 42.0 42.00 f 0.47 42.6 


0 Average of three runs. * A USP methotrexate reference standard solution as- 
signed a value of 100%. c A heat-degraded solution of methotrexate calculated to 
contain 42% methotrexate based on Sample 1 as calculated by Method 1. 


1. A standard curve was prepared the same way as described for Method 
1. 


Cellulose Column Method-Assay on a diethylaminoethylcellulose 
column was performed by the method of Gallelli and Yokoyama (2), but 
the resin was not discarded after each run. At the end of an assay, when 
the last peak was eluted, the column was washed with 100 ml of 0.1 M 
ammonia-ammonium bicarbonate buffer (pH 8.3); the column was then 
ready for another assay. Aliquots of 10 ml of sample or reference solution 
were used in each run. 


RESULTS AND DISCUSSION 


N"J-Methylfolic acid is a heat-degraded product, while 2,4-diamino- 
6-pteridine carboxylic acid and its aldehyde are light-degraded products 
of methotrexate. Figure 1 shows typical chromatograms of methotrexate, 
light-degraded methotrexate, and heat-degraded methotrexate, using 
Method 1. In all three chromatograms, methotrexate was very strongly 
bound to the column's resin and eluted last. The light-degraded products 
of methotrexate eluted with the solvent front (Fig. 1C). Excellent sepa- 
ration between methotrexate and the major heat degradation product, 
N'o-methylfolic acid, is shown in Fig. 1B. Since the light-degraded 
products of methotrexate eluted with the solvent front and in no way 
interfered in the assay of intact methotrexate, a series of mixtures of 
methotrexate and heat-degraded methotrexate solutions was prepared 
and assayed by Method 1 and the cellulose column method. The values 
obtained by Method 1 were in excellent agreement with the expected. 
values (Table I). Also, there was reasonably good agreement with the 
values obtained by Method 1 and the cellulose column method, although 
the latter values were consistently higher by about 1%. 


During the analysis of various heat-degraded methotrexate solutions 


Table 11-Results Obtained for the Assay of Methotrexate 
Tablets, Injectables, and Heat-Degraded and Light-Degraded 
Samoles 


Heat degraded, approximately 42.0 41.2 42.6 


Heat degraded, approximately 24.2 21.0 21.7 


121.2b 121.6b 123.1 
(105.1L (105.4) (106.7) 
123.6 123.2b 125.2 


(107.2) (107.8) (108.5) 
Relative to reference solution containing 10.05 mg of methotrexate/100 ml. 


b Both tablet and in'ection samples contained more than 120% of the labeled amount 
when compared m bSP methotrexate reference standard and as such violated the 
USP limits (90-110%). However, USP rnethotrexate reference standard was ana- 
lyzed and found to contain 86.3% pure methotrexate (on anhydrous basis, as cal- 
culated by the method in Ref. 2). Explicit values of methotrexate present in tablets 
and injectables (calculated relative to USP methotrexate reference standard by 
the method described in this paper) should, therefore, be multi lied by 0.863 to 
give the true value of methotrexate content. These corrected vakes, represented 
as percent of labeled amount, are reported in parentheses. 


Figure 2-High-pressure liquid chromatograms of a heat-degraded 
solution of methotrexate. Key: a, using Method 2; b, using Method 1 with 
a dilute buffer (mobile phase 2); I, methotrexate; and II, Nl0-methylfolic 
acid. 


by Method I, a shoulder peak (rt = 10 min, Fig. 26)  appeared immediately 
preceding the methotrexate peak. This shoulder was especially evident 
when a more dilute buffer was used as the eluent (Fig. 2). Although the 
area of the shoulder peak was initially less than 1% of the area of the 
methotrexate peak, its relative percentage became increasingly important 
when the drug was degraded more than 70%; the shoulder peak was then 
10-15% of the small methotrexate peak. 


Repeated attempts using Method 1 with various buffer strengths and 
flow rates were unsuccessful in reproducibly separating the shoulder peak 
from the methotrexate peak. Success was finally achieved with a bonded 
amine column7 in series with the anion-exchange resin column6 and 
Solvent 2. Method 2 not only separated the shoulder peak (rt = 13.5 min, 
Fig. 2a) from the methotrexate peak but also separated other heat deg- 
radation products more effectively, allowing for their possible quanti- 
tation. 


To calculate methotrexate levels, a standard curve was prepared by 
plotting area ratios against concentration ratios (see Experimental). 
Although the area ratios were slightly lower than a 1:1 ratio a t  a concen- 
tration below 4 mg/100 ml and slightly higher than a 1:l ratio a t  a con- 
centration above 12 mg/100 ml, an excellent linear fit was obtained over 
a 15-fold concentration range (r  = 0.9996, n = 7). 


The area ratios of the various samples assayed were calculated, and 
their corresponding concentration ratios were determined from the 
standard curve. The explicit quantity of intact methotrexate in various 
samples was calculated as follows: 


concentration of intact methotrexate in sample 
= (concentration ratio) (R) 


concentration of intact methotrexate in injections 
= (concentration ratio) ( R )  (2.5) (Eq. 4) 


amount of intact methotrexate per tablet 


= X (concentration ratio) ( R )  (0.25) (Eq. 5) 


Vol. 66, No. 9, September 1977 I 1221 







where R is the concentration of USP methotrexate reference solution in 
milligrams per 100 ml, W,, is the average weight of one tablet in milli- 
grams, and W is the weight of an aliquot of the tablet triturate taken for 
assay. 


Table I1 summarizes the values of various samples obtained by 
Methods 1 and 2 and the cellulose column method. All three methods 
gave essentially similar values with light-degraded methotrexate samples 
and less than 70% heat-degraded methotrexate samples. Therefore, 
considering the relative quickness of the assay procedure by Method 1 
(less than 15 min), this method is recommended for routine assays of 
methotrexate in commercial products. Method 2 is more important in 
studying the kinetics of methotrexate and for quantitating its degradation 
products. Also, it is essential to use Method 2 in methotrexate samples 
that are more than 70% heat degraded. 


The sensitivity of Method 1 was determined using a 100-pl sample size 
to detect a concentration of 0.25 pg of methotrexate/rnl of solution. An 
aqueous solution containing 1 pg of methotrexate/ml of solution, when 
analyzed by Method 1, gave a recovery of 93.1 f 4.7% of methotrexate 
(average of three runs). Thus, Method 1 could be potentially useful in 
quantitating to a level of 1 pg of methotrexate/ml in biological fluids. 


The tablet excipient dye did not interfere with the assay, as seen by 
the close agreement between the values obtained by Methods 1 and 2 and 
the cellulose column method. In the latter method, the dye could be seen 
as a yellow band remaining at the top of the cellulose column. The benzyl 
alcohol preservative present in the injectables is nonionic and eluted 
almost with the solvent front. Other preservatives such as methylparaben 
and propylparaben eluted immediately following the solvent front and 
did not interfere with the assay of intact methotrexate. 


In all of the described assays, the amount of intact methotrexate in the 
unknown is calculated as a percentage of the reference solution. The 
explicit quantities are then calculated from the known concentration of 
methotrexate USP in the reference solution. However, methotrexate USP 
has been reported (2) to be only 85-90% pure. Therefore, explicit quan- 
tities in the assays, which are calculated by assuming methotrexate USP 
as 100% pure, must be interpreted accordingly. However, in the deter- 
mination of relative amounts in various preparations or in the determi- 
nation of percentage degradation, this consideration is obviated. 
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Vehicle Effects on Ocular Drug Bioavailability 11: 
Evaluation of Pilocarpine 


JAMES W. SIEG and JOSEPH R. ROBINSONx 


~ ____ 


Abstract The influence of vehicle composition on ocular penetration 
of pilocarpine was studied in the albino rabbit. Increasing the pH of a 
vehicle promoted increased corneal penetration for pilocarpine, in ac- 
cordance with the pH-partition hypothesis, but a similar series of ex- 
periments with a nonionizable drug, glycerin, gave similar results. The 
extent of pH-induced lacrimation by the vehicle and its effect on pre- 
corneal drug concentration also was determined. Increased pilocarpine 
absorption at  neutral to slightly alkaline pH was due primarily to its 
peculiar solubility characteristics coupled with less irritation and lacri- 
mation rather than a direct pH effect on the molecule. Incorporation of 
pilocarpine into a petrolatum-based ointment vehicle resulted in in- 
creased aqueous humor pilocarpine levels above those provided by an 
equivalent dose of aqueous solution. The mechanism of this increase was 
determined to be a higher effective concentration of pilocarpine in the 
ointment vehicle coupled with an increase in contact time of the dose. 
The ointment system also exerted an unusual form of vehicle control in 
that it promoted the corneal penetration of pilocarpine while impeding 
uniform mixing of the dose with tears and thereby imposed a restriction 
on the amount of pilocarpine available to the ocular tissues. 


Keyphrases Pilocarpine-effect of vehicle composition and pH on 
ocular bioavailability, rabbits 0 Vehicles-effect of composition and pH 
on ocular bioavailability of pilocarpine, rabbits Bioavailability, ocu- 
lar-pilocarpine, effect of vehicle composition and pH, rabbits Ocular 
bioavailability-pilocarpine, effect of vehicle composition and pH, rabbits 


Ophthalmic cholinergic agents-pilocarpine, effect of vehicle com- 
position and pH on ocular bioavailability, rabbits 


The first report in this series dealt with vehicle influence 
on the ocular bioavailability of the relatively water-insol- 
uble steroid fluorometholone (1). In that study, mecha- 


nisms of vehicle effects on ocular bioavailability were based 
on the interplay of the steroid and vehicle properties with 
the physiological and physicochemical nature of the drug 
administration site, ie., the precorneal portion of the eye. 
The present study extended this work to include the im- 
portant water-soluble antiglaucoma drug pilocarpine. 
Thus, this examination of a water-soluble drug, along with 
earlier work on the relatively water-insoluble steroid, 
provides considerable perspective on factors that should 
be considered when formulating an ophthalmic drug for 
topical delivery to the eye to obtain maximum drug ben- 
efit. 


BACKGROUND 


During the past 30 years, numerous vehicles have been screened for 
various drugs to improve the overall intraocular penetration of topically 
applied drugs. Because of an inadequate understanding of the interplay 
between drug-vehicle-precorneal area properties, the primary thrust 
of much research has been directed toward prolonging the presence of 
the instilled dose in the precorneal area, usually referred to as increasing 
the contact time. Most often, these formulations rely mainly upon the 
viscosity character of the vehicle and its subsequent rheological effect 
on drainage loss of the dose via the nasolacrimal duct. Thus, most topi- 
cally applied ocular vehicles have included viscous polymers such as 
hydroxypropylcellulose (2-4), methylcellulose (5-12), and polyvinyl al- 


Detailed studies of the drainage loss rate of these vehicles also have 
been performed (3,5,13,16,17) to permit selection of vehicles exhibiting 


cohol (2-4,6-8,13-15). 
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Effect of Aspirin on a Subtoxic Dose of 
14C-Acetaminophen in Mice 


L. W. WHITEHOUSE", C. J. PAUL, L. T. WONG, and 
B. H. THOMAS 


Abstract 0 The interaction of 14C-acetaminophen, 150 mg/kg (20 pCi/ 
kg), and aspirin, 200 mg/kg PO, was studied in male mice. The radiolabel 
was rapidly absorbed from the GI tract, achieving maximum blood levels 
0.25 hr after oral dosing. Radioactivity in the blood equilibrated rapidly 
with the tissues and was concentrated in the liver and kidney. At 14 hr, 
most of the dose was eliminated in urine as the glucuronide, cysteine, 
sulfate, free drug, and mercapturate. Pretreatment with aspirin tended 
to reduce the rate and extent of acetaminophen absorption and altered 
the percentage of the dose excreted in the urine as sulfate, mercapturate, 
glucuronide, and cysteine. Interpretation of these data toxicologically 
as an indication of the potentiation of either toxicity or protection was 
not possible. 


Keyphrases Aspirin4ffect on absorption, excretion, and metabolism 
of acetaminophen, radiochemical analysis, mice Acetaminophen- 
absorption, excretion, and metabolism, effect of aspirin, radiochemical 
analysis, mice 0 Absorption-acetaminophen, effect of aspirin, radio- 
chemical analysis, mice 0 Excretion-acetaminophen, effect of aspirin, 
radiochemical analysis, mice 0 Metabolism-acetaminophen, effect of 
aspirin, radiochemical analysis, mice Radiochemistry-analysis, effect 
of aspirin on absorption, excretion, and metabolism of acetaminophen, 
mice 0 Analgesics-effect of aspirin on absorption, excretion, and me- 
tabolism of acetaminophen, radiochemical analysis, mice 


Acetaminophen, a widely used nonnarcotic analgesic, 
is remarkably safe in therapeutic doses. Recently, it has 
been used in combination with aspirin in analgesic for- 
mulations. In view of a previous report of an aspirin- 
phenacetin metabolic interaction (1) and the fact that 
acetaminophen is the principal metabolite of phenacetin, 
a survey of some animal species was initiated to determine 
if aspirin affected the fate of 14C-acetaminophen. 


In the rat, absorption and metabolism were both 
markedly altered by aspirin (2); in the guinea pig, aspirin 
appeared to have its greatest inhibitory effect on biliary 
and urinary excretion (3). As a continuation of this survey, 
the fate of a subtoxic dose of 14C-acetaminophen alone and 
in the presence of aspirin was examined in the mouse, a 
species markedly more susceptible to acetaminophen- 
induced hepatotoxicity than rats or guinea pigs (4). 


EXPERIMENTAL 


Materials-Carboxyl-labeled 14C-aspirin1, specific activity 122 pCi/ 
mg, and uniformly ring-labeled 14C-acetaminophen2, specific activity 
44.64 pCi/mg, were synthesized. Gum tragacanth3 and unlabeled aspirin4 
and acetaminophen5 were obtained commercially. Swiss Webster male 
mice, 28 f 3 g, were purchased locally6. 


Methods-Animals were acclimatized for a t  least 1 week before each 
experiment; both food and water were supplied ad  libitum. Sixteen hours 
prior to each experiment, food, but not water, was withdrawn. 


Establishing Subtoxic Dose-In view of the much higher toxicity of 
acetaminophen in the mouse compared to the rat or guinea pig (4), it was 
essential to establish that 150 mg/kg was a subtoxic level of acetamino- 
phen. As an index of toxicity, plasma levels of glutamic-oxalacetic 
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transaminase (EC 2.6.1.1) and glutamic-pyruvic transaminase (EC 
2.6.1.2) were monitored. Mice were pretreated with vehicle or aspirin (200 
mg/kg PO) and then treated with acetaminophen (150 or 250 mg/kg PO) 
30 min later as previously described (3). 


Sixteen hours following acetaminophen administration, the mice were 
decapitated and blood was collected in heparinized Natelson blood-col- 
lecting tubes. Blood samples were centrifuged in a clinical centrifuge. The 
plasma was assayed for transaminases a t  37" by the UV method of Henry 
et al. (5) ,  using standard assay reagents7 and a biochromatic analyzers. 
Control transaminase levels were determined using plasma from mice 
not receiving treatment. 


Blood Profiles-Radiolabeled aspirin, 200 mg/kg PO, was administered 
as a 0.25% gum tragacanth suspension a t  25 pCi/kg (10 ml/kg) to deter- 
mine the profile of 14C-aspirin-derived radioactivity in the blood. All 
subsequent experiments were performed with cold aspirin, which was 
administered a t  200 mg/kg po 30 min prior to dosing with 14C-acet- 
aminophen. Radiolabeled acetaminophen was administered at  150 mg/kg 
po (20 pCi/kg) as described previously (3). Mice dosed intravenously (tail 
vein) received a solution of acetaminophen (150 mg/kg) a t  7 ml/kg con- 
taining 10% ethanol. Duplicate blood samples were collected a t  various 
times and processed as reported previously (6). 


Tissue Distribution and Urinary Excretion-The distribution of 
orally and intravenously administered 14C-acetaminophen in blood (10 
pl) and tissues (25-100 mg) from vehicle- and aspirin- (200 mg/kg) pre- 
treated mice, collected at 0.25,1, and 4 hr following 14C-acetaminophen 
(150 mg/kg), was examined by reported methods (3,6). Urine was col- 
lected from groups of eight orally dosed mice housed in metabolism cages. 
The volume of urine excreted per animal, the urinary concentration of 
total carbon-14 expressed as micrograms per milliliter, and the cumu- 
lative total carbon-14 excreted were determined by liquid scintillation 
counting (6). 


Urinary Metabolites-Acetaminophen and its metabolites were 
separated using the alkaline paper chromatography system (System C) 
described by Shahidi (7) and modified by Thomas et al. (2). Some urine 
samples were also chromatographed on Sephadex gel G-10 as previously 
described (2). In addition to the chromatographic separation of neat 
(unadulterated) urine, aliquots of @-glucuronidases-treated urine were 
chromatographed on paper (2). 


The cysteine conjugate was identified in mouse urine, which had been 
desalted by passing it through an ion-exchange columnlo. Following the 
elution of salts and other highly water-soluble impurities with distilled 
water, radioactivity was eluted with methanol. The eluent was dried 
under a nitrogen stream, taken up in water, and separated by Sephadex 
gel G-10 column chromatography (2). The fractions collected were 
monitored for both a positive ninhydrin test and radioactivity. 


The fractions giving a positive ninhydrin test and containing high 
concentrations of radioactivity were lyophilized and chromatographed 
in the alkaline system (2) and the 1-butanol-acetic acid-water (4:l:l) 
system (acidic system) reported previously (8). In addition, a mass 
spectrum of the lyophilized sample was obtained by the direct insert 
probe method using a low-resolution mass spectrometer" a t  an ionization 
energy of 80 ev and a source temperature of 210O. 


Data Analysis-With the exception of the paper and Sephadex gel 
G-10 chromatography data, isotopic assays were performed in duplicate. 
Transaminase activities were also determined on duplicate plasma 
samples. Means and standard errors were computed from averaged data; 
statistical significance was determined by the unpaired Student t test, 
with p < 0.05 being considered significant. In cases where percentages 
were compared, arc-sin transformed data were used (9). 
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Figure %-Blood profiles of  radioactivity following drug administration 
obtained f rom mice receiving: A, 14C-aspirin, 200 mglkg PO; B, 14C- 
acetaminophen, 150 mglkg PO;  or C, 14C-acetaminophen, 150 mglkg iu. 
I n  both B and C ,  mice were orally pretreated with either vehicle (-) 
or cold aspirin, 200 mglkg (- - -), 0.5 hr prior to receiving ‘4C-acet- 
aminophen. Values are means f S E  f rom three to five animals. In R, 
differences are significant a t  0.25 and 0.5 hr at p < 0.001 and p < 0.05, 
respectively. 


comparable blood levels were observed following intravenous adminis- 
tration (Fig. 2C). 


The half-life and area under the blood profile curves following intra- 
venous dosing ( t l / z  = 0.688 f 0.023 hr; area = 238.8 f 11.0 jtglml X hr) 
were not altered by aspirin pretreatment ( t l / z  = 0.718 f 0.072 hr; area 
= 240.6 f 17.2 jtglml X hr). This lack of statistical significance in the area 
under the blood profile curves between vehicle- and aspirin-pretreated 
mice was also seen in the oral study (vehicle pretreated = 182.5 f 13.5 
jtglml X hr versus aspirin pretreated = 139.9 f 11.0 pg/ml X hr), 
suggesting that aspirin pretreatment was not statistically altering the 
extent of absorption from the GI tract. 


The distribution of radioactivity, expressed as micrograms of acet- 
aminophen per milliliter or gram, in the blood, heart, liver, kidneys, and 
GI tract and contents at 0.25,1.0, and 4.0 hr following oral or intravenous 
administration of 150 mg of 14C-acetaminophenkg is presented in Table 
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Table I-Effect of Aspirin on the  Tissue Distribution of Radioactivity following '4C-Acetarninophen" 


Oral Intravenous 
Tissue Hours Vehicle Pretreated Aspirin Pretreated Vehicle Pretreated Aspirin Pretreated 


Blood 


Heart 


0.25 
1.0 
4.0 
0.25 
1.0 
4.0 


Liver 0.25 
1.0 
4.0 


1.0 
4.0 


GI tract and 0.25 
contents 1.0 


4.0 


Kidney 0.25 


149.9 f 7.3 (1.0) 
70.2 f 4.9 (1.0) 
9.6 f 2.9 (1.0) 


110.0 f 6.9 (0.7) 
40.2 f 4.4 (0.5) 
4.0 f 1.0 (0.4) 


516.2 f 39.2 (3.4) 
310.6 f 49.4 (4.4) 
92.3 f 39.1 (9.6) 


310.3 f 23.3 (2.1) 
233.5 f 19.0 (3.3) 
52.7 f 10.0 (5.5) 


- 


49.4 f 2.4 (1.0)** 
66.5 f 16.5 (1.0) 


9.6 f 9.8 (1.0) 
39.2 f 2.3 (0.8)** 
47.4 f 12.0 (0.7) 


6.8 f 0.9 (0.7)* 
242.4 f 23.4 (4.9)** 
349.7 f 72.2 (5.3) 


97.9 f 25.2 (10.2) 
188.4 f 40.4 (3.8)* 


238.60 f 55.8 (3.6j 
79.6 f 20.0 (8.3) 


202.2 f 6.0 (1.0) 
128.4 f 6.0 (1.0) 


4.6 f 0.5 (1.0) 
148.3 f 5.6 (0.7) 
82.3 f 5.4 (0.6) 


3.6 f 0.8 (0.8) 
229.9 f 9.5 (1.1) 
165.1 f 8.2 (1.3) 
18.3 f 2.2 (4.0) 


256.7 f 3.4 (1.3) 
229.5 f 7.1 (1.8) 
35.2 f 3.5 (7.7) 


475.2 f 20.5 


177.6 f 5.0 (l.O)* 
117.3 f 15.8 (1.0) 


5.3 f 0.7 (1.0) 
131.4 f 3.8 (0.7)* 
93.9 f 10.2 (0.8) 


2.8 f 0.2 (0.5) 
207.1 f 2.0 (1.2) 
300.4 f 127.5 (2.5) 
20.0 f 3.2 (3.8) 


237.1 f 8.4 (1.3) 
179.2 f 33.9 (1.5) 
27.7 f 1.7 (5.2) 


450.2 f 28.5 ~ ~ ~ 


557.6 f 35.3 
504.4 f 61.4 


595.8 f 163.2 
588.8 f 49.6 


a Mice were orally pretreated with vehicle or aspirin (200 mg/kg) 0.5 hr prior to oral or intravenous administration of '4C-acetaminophen (150 mgikg). Radioactivity 
is expressed as grams per milliliter or grams of tissue. Statistical differences are indicated a s p  < 0.05 (*) and p < 0.001 (**). Values are means from three to five animals 
f SE. Ratios of tissue to blood carbon-14 concentration are in parentheses. 


Table 11-Effect of Aspirin Pretreatment on Urinary Excretion of ''C-Acetaminophen" 


Cumulative Volume of Cumulative Percentage 
Pretreatment Urine per Animal, ml Concentration, pglml of Dose Excreted Hours 


25.3 f 1.9 
Aspirin 0.62 f 0.09 1950.5 f 196.2 27.2 f 2.4 


12 Vehicle 1.31 f 0.02 2008.7 f 75.2 61.5 f 3.3 
Aspirin 1.44 f 0.17 1599.7 f 207.0 57.8 f 8.7 


Aspirin 2.64 f 0.21 737.7 f 42.5 75.9 f 6.5 
48 Vehicle 5.19 f 0.58 77.0 f 27.1 83.3 f 2.2 


Aspirin 4.67 f 0.92 163.4 f 35.2 83.8 f 5.0 
Mice were divided into six groups of eight animals each and orally pretreated with vehicle or aspirin (2W mg/kg) 0.5 hr prior to  receiving 14C-acetaminophen (150 


4 Vehicle 0.52 f 0.12 2198.3 f 328.8 


24 Vehicle 2.77 f 0.05 532.0 f 78.5 79.4 f 2.2 


mg/kg PO). Each value is the mean f SE from three pools of eight mice. 


I. In the oral study a t  0.25 hr, blood, heart, liver, and kidney levels of 
carbon-14 from vehicle-pretreated mice were approximately two- to 
threefold higher than levels in corresponding tissues from aspirin-pre- 
treated animals. At later time periods, the trend had reversed: tissues 
from aspirin-pretreated animals tended to possess higher levels of car- 
bon-14 than tissues from control mice, although statistical significance 
could only be demonstrated in cardiac tissue at  4.0 hr. 


With the exception of 0.25-hr blood and heart samples, vehicle- and 
aspirin-pretreated mice dosed intravenously with 14C-acetaminophen 
gave comparable tissue carbon-14 levels. Blood and cardiac tissue col- 
lected at  0.25 hr from aspirin-pretreated mice possessed lower levels of 
radioactivity than the corresponding tissues from vehicle-pretreated 
mice. 


Pretreatment with aspirin did not alter any of the urinary parameters 
examined (Table 11) in mice dosed orally with 14C-acetaminophen. De- 
scending alkaline paper chromatography12 of neat urine separated ra- 
dioactivity into five distinct peaks (Fig. 3A), whereas urine samples 
treated with 0-glucuronidase gave six peaks (Fig. 3B). Peaks 2,3,5, and 
6 were previously identified in neat urine as the glucuronide, mercaptu- 
rate, sulfate, and free acetaminophen, respectively (2). Peak 6 (Fig. 3B) 
increased following 8-glucuronidase treatment and was attributed to 
acetaminophen derived from the hydrolysis of the acetaminophen-glu- 
curonide conjugate. Peaks 1 and 4 were minor peaks and were not iden- 
tified. 


Preliminary TLC and GLC-mass spectrometry data suggested that 
peak 4 contained more than one 14C-metabolite, a t  least one of which 
contained sulfur. Peak 2 (Rf  007-0.09) was tentatively identified as the 
acetaminophen-cysteine conjugate. Examination of the qualitative 
properties of the fraction isolated as the cysteine conjugate by Sephadex 
gel G-10 (Table 111) confirmed the presence of the acetaminophen-cys- 
teine conjugate in mouse urine, and a quantitative comparison of peak 
2 and the acetaminophen-cysteine conjugate isolated by column chro- 
matography gave comparable results. 


The cumulative urinary excretion of free acetaminophen at  4,8, and 
14 hr following oral administration of 14C-acetaminophen was not sig- 
nificantly altered by aspirin pretreatment (Table IV). During the first 
8 hr, sulfate excretion was significantly reduced whereas mercapturate 
elimination was increased by aspirin pretreatment. By 14 hr, the effect 


~~~~ ~ 


l2 Whatman No. 1 filter paper. 


of aspirin on cumulative urinary excretion of sulfate and mercapturate 
had disappeared and significant differences in the excretion of glucuro- 
nide and cysteine appeared. Glucuronide excretion was inhibited and 
the 14-hr cumulative excretion of the cysteine conjugate was increased 
by aspirin pretreatment. 


DISCUSSION 


The combination of orally administered aspirin and acetaminophen 
appeared to reduce the acetaminophen absorption rate during the ab- 
sorptive phase (Fig. 2B), an observation previously reported for the rat 
(2) and guinea pig (3). Since urinary excretion (Table 11) and the intra- 
venous t l / z  were comparable between vehicle- and aspirin-pretreated 
animals, elimination differences did not appear to be responsible for the 
altered blood profiles (Fig. 2B). In view of the fact that blood carbon-14 
concentrations and areas under the blood concentration-time curves were 
comparable following intravenous administration to vehicle- and aspi- 
rin-pretreated animals, the reduced blood level of carbon-14 in aspirin- 
pretreated mice (Fig. 2B) was attributed to an inhibition of absorp- 
tion. 


The basis for this inhibitory effect of aspirin on absorption is not im- 
mediately apparent. Smith and Irving (10) reported that salicylate (100 
mg) administered to rats reduced the gastric emptying rate. More recent 
reports indicated that acetaminophen absorption was dependent upon 
gastric emptying (11, 12). In view of these reports, retardation in ab- 
sorption of radioactivity in aspirin-pretreated mice (Fig. 2B) was at- 
tributed to a reduction in the gastric emptying rate. 


Tissue distribution of acetaminophen appeared to be dependent upon 
the route of administration. In the oral study, carbon-14 levels in the liver 
and kidneys during the 1st hr were 2.1-5.3-fold higher than blood con- 
centrations (Table I); in the intravenous study, liver and kidney levels 
of radioactivity were only 1.1-2.5-fold higher than blood carbon-14 levels. 
Pretreatment with aspirin apparently had little effect on the distribution 
of intravenously administered acetaminophen. However, in the oral 
study, tissue-to-blood ratios of carbon-14 (Table I) tended to be higher 
in aspirin-pretreated mice than in vehicle-pretreated animals. These 
results suggested that 14C-acetaminophen-derived radioactivity was more 
readily taken up following oral administration by tissues of aspirin- 
pretreated mice than by tissues from controls. This possibility prompted 
an examination of acetaminophen metabolism. 
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Table 111-Properties of the Acetaminophen-Cysteine 
Conjugatea 


Column chromatography Cysteine conjugate/acetaminophen 


Descending paper 
elution volume (ml), 38/85 


Rf 0.28in acidic system, Rf 0.07 in 
chromatoeraohv alkaline svstem - . "  


Color test Ninhydrin, purple 
Mass spectrometry mle ions 226,209,197,183,141, and 108 


The cysteine conjugate was isolated from Amberlite XAD-2 desalted mouse 
urine by Sephadex gel G-10 column chromatography. The acidic and alkaline paper 
chromatography systems were 1-butanol-acetic acid-water (4:l:l) and 2-propa- 
nol-water-ammonium hydroxide (202:1), respectively. 


The major urinary metabolites of acetaminophen are glucuronide, 
mercapturate, sulfate, and free drug (2, 3, 13-16). In this study, chro- 
matography of neat and 0-glucuronidase-treated urine following 150 mg 
of 14C-acetaminophen/kg separated radioactivity into six distinct peaks 
(Fig. 3). Four of these peaks were previously identified (2). Other peaks, 
with the exception of peak 2 (Fig. 3B), were minor and were not identi- 
fied. 


On the basis of migration in the descending alkaline paper chroma- 
tography system (Fig. 3B and Table 1111, peak 2 was tentatively identified 
as the acetaminophen-cysteine conjugate, previously reported (7, 17) 
to have Rf 0.10. To confirm the occurrence of the acetaminophen-cysteine 
conjugate in mouse urine, properties of the cysteine fraction were ex- 
amined (Table 111). I t  gave a positive ninhydrin test, which indicated a 
primary amine. Radioactivity in this fraction migrated in descending 
acidic and alkaline paper chromatography systems as single peaks with 
Rf  values comparable to those previously reported (17). Mass spec- 
trometry of the freeze-dried cysteine fraction (Table 111) gave a frag- 
mentation pattern identical to that reported for the acetaminophen- 
cysteine conjugate (16), unequivocally establishing the presence of the 
cysteine conjugate in mouse urine. 


Glucuronide (27%) was the major urinary metabolite in 14-hr urine 
samples (Table IV), followed by cysteine (13.6%), sulfate (9.5%), free drug 
(3.9?6), and mercapturate (1.9%). Jollow et al. (15) examined the 24-hr 
urine of mice dosed with 3H-acetaminophen (100 mg/kg ip) and found 
radioactivity distributed as glucuronide (47.9%), sulfate (25.2%), free drug 
(13.4%), and mercapturate (12.4%) but failed to demonstrate the presence 
of the acetaminophen-cysteine conjugate. In view of their high glucu- 
ronide percentage and considering the fact that  they eluted and then 
were treated with 8-glucuronidase, the presence of the cysteine conjugate 
cannot be excluded as a possible contaminant of their glucuronide peak. 
On the other hand, a different strain of mouse (GP mice) from that used 
in this study (Swiss Webster mice) was utilized, which could account for 
the differences. A recent report (18) attested to mouse strain differences 
in inducibility of acetaminophen metabolism to produce hepatotoxicity, 
although acetaminophen metabolites were not examined per  se. 


The most significant metabolic effects of aspirin in this study were the 
reduction in sulfate and the increase in mercapturate a t  4 and 8 hr (Table 
IV), effects previously reported in the rat  (2). The biochemical basis for 
these effects was not established; however, Bostrom et al. (19) showed 
that salicylate inhibited the biosynthesis of mucopolysaccharide sulfates. 
These investigators suggested that the oxidative uncoupling action of 
salicylate reduced active sulfate (3'-phospho-5'-adenosine phosphosul- 
fate) levels, thereby inhibiting sulfation. Since cysteine is a precursor for 
the synthesis of both the active sulfate and glutathione (15). i t  seems 
reasonable that reducing the active sulfate level would increase the pool 
of cysteine or precursors of cysteine (glutathione) available for conju- 
gation with radioactivity derived from 14C-acetaminophen. This result, 
in fact, was observed; aspirin-pretreated mice tended to excrete a larger 
percentage of the dose as cysteine and mercapturate than vehicle-pre- 
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Figure 3-Typical paper chromatographic separation of urinary me- 
tabolites of ''C-acetaminophen in the mouse. Neat (A) and 16-hr @- 
glucuronidase-treated ( B )  urine, 10 and 20 pl ,  respectively, were applied 
as bands to  filter paper and developed descendingly in Z-propanol- 
water-ammonium hydroxide (20:2:1). The paper was serially sectioned 
into 1-cm strips and assayed for carbon-14 by liquid scintillation 
counting. The separated peaks were: I and 4, unknown; 2, cysteine; 3, 
mercapturate; 5, sulfate; and 6, free acetaminophen. The increase in 
peak 6 following 8-glucuronidase treatment was attributed to the glu- 
curonide. 


treated animals (Table IV), but statistically significant differences could 
only be demonstrated in mercapturate excretion at 4 and 8 hr and cys- 
teine excretion a t  14 hr. 


Measurement of the acetaminophen-glutathione conjugate excreted 
in the urine as degradation products (mercapturate and cysteine conju- 
gates) was suggested (20) as a suitable method for estimating the toxic 
pathway and the animal's susceptibility to acetaminophen. Since the 
susceptibility to acetaminophen-induced hepatotoxicity follows the order 


Table IV-Effect of Asoirin on the Ur ina rv  Metabolites of ' 'C-Acetamino~hen in the Mouse" 


Rf 0.72-0.78, 
R 001 0.04, R 005 0.07, Rf0.07-0.09, R 0.14-0.18, R 0.26-0.30, Rf0.41-0.47, Acet- 


Hours Pretreatment d e t a b i i t e  1 d u k i n i d e  Cysteine Idercapturate detabolite 4 Sulfate aminophen 
4.0 Vehicle 0.68 f 0.15 11.18 f 1.97 3.60 f 0.67 0.40 f 0.12 0.50 f 0.06 3.16 f 0.44 3.36 f 0.90 


Aspirin 0.81 f 0.06 8.25 f 1.44 4.04 f 0.22 1.41 f 0.04* 0.43 f 0.05 0.63 f 0.02* 2.48 & 0.24 
8.0 Vehicle 0.95 f 0.29 14.98 f 1.47 5.89 f 0.62 0.71 f 0.11 0.73 f 0.03 4.47 f 0.16 3.70 f 0.77 


Aspirin 1.23 f 0.03 11.90 f 1.03 6.44f0.28 1.88f0.10* 0.67f0.10 0.99f0.05f' 2.78 f 0.24 
14.0 Vehicle 1.97 f 0.59 27.00 f 0.37 13.59 f 0.10 1.87 f 0.38 1.75 f 0.18 9.51 f 0.75 3.91 f 0.72 


Aspirin 2.54 f 0.30 21.16 f 0.01* 17.63 f 0.15* 3.88 f 0.98 2.14 f 0.54 7.33 f 0.30 5.65 f 0.55 


(I Mice were divided into six groups of eight animals each and orally pretreated with vehicle or aspirin (200 mg/kg) 0.5 hr prior to receiving IT-acetaminophen (150 
mgkg PO). Metabolites were separated using a 2-propanol-water-ammonium hydroxide ( 2 0 2 1 )  descending paper chromatography system. Values are mean percentages 
of the dose f SE. Statistical significance is indicated asp < 0.001 (**) and p < 0.05 (*) when compared to corresponding control group. 
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of mouse > rat > guinea pig (4), one would expect the excretion of glu- 
tathione degradation products in these three species to be mouse > rat 
> guinea pig. This pattern was observed; the mouse excreted 15.5% of 
the dose in 14 hr as glutathione degradation products (Table IV) com- 
pared to a 12-hr excretion of 5.1% in the rat (2) and 1% in the guinea pig 
(3). Excretion of glutathione degradation products in the mouse increased 
following aspirin pretreatment (Table IV). On the basis of the catabolite 
hypothesis (20), this result suggests that aspirin-pretreated mice are more 
susceptible to acetaminophen-induced hepatotoxicity than are vehicle- 
pretreated mice. 


However, if aspirin increased the pool of cysteine or precursors of 
cysteine by reducing active sulfate levels, as already suggested, then the 
increased urinary excretion, of glutathione degradation products could 
indicate an increase in the conjugative detoxication of the toxic metab- 
olite or protection from acetaminophen-induced hepatotoxicity. In 
support of the latter hypothesis is a study where aspirin showed a pro- 
tective effect against toxic doses of acetaminophen (21). 


CONCLUSION 


The metabolite profile of acetaminophen in the mouse was not exactly 
the same as that observed in humans (22,23). However, the mouse bio- 
transformed acetaminophen more like the human than either the rat (2) 
or the guinea pig (3). Since the mouse is more susceptible to acetamino- 
phen hepatotoxicity than either the rat or the guinea pig (4) and bio- 
transformation of acetaminophen in the mouse resembles that occurring 
in humans, the mouse is a better animal model than either the rat or 
guinea pig for toxicological studies involving acetaminophen. 
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Colorimetric Determination of Aliphatic Acids 


JAMES W. MUNSON X and ROMAN BILOUS * 


Abstract CI A colorimetric method for the determination of carboxylic 
acids based on the dicyclohexylcarbodiimide-coupled reaction of 2-ni- 
trophenylhydrazine and carboxylic acids is described. The product of 
the reaction is extracted into aqueous sodium hydroxide to produce a blue 
color. This method is suitable for the analysis of aliphatic acids, but ar- 
omatic acids do not react under these conditions. 


Keyphrases Aliphatic carboxylic acids-colorimetric analysis in so- 
lutions IJ Carhoxylic acids, aliphatic-colorimetric analysis in solutions 
0 Colorimetry-analysis, aliphatic carboxylic acids in solutions 


The recent application of the coupling agent dicyclo- 
hexylcarbodiimide in the analysis of carboxylic acids via 
hydroxamic acid formation (1) prompted investigation of 
this reagent to couple carboxylic acids with 2-nitrophen- 
ylhydrazine. An earlier study (2) showed that the hydra- 
zide resulting from the reaction of 2-nitrophenylhydrazine 


with activated carboxylic acid derivatives such as acid 
anhydrides and acid chlorides gives an intense blue color 
in aqueous hydroxide solutions. This color formation was 
useful for the colorimetric analysis of these substances. 


The objective of this study was to adapt the dicyclo- 
hexylcarbodiimide-coupled reaction of carboxylic acids 
and 2-nitrophenylhydrazine to produce a colorimetric 
method for the determination of carboxylic acids. 


EXPERIMENTAL 


Materials-Unless otherwise stated, analytical reagent grade chem- 
icals were used. Acetonitrile was distilled from phosphorus pentoxide, 
with the fraction boiling a t  81.5’ being collected. Dichloromethane was 
distilled directly, with the fraction boiling a t  39.5’ heing collected. 2- 
Nitrophenylhydrazine was recrystallized from water-methanol (85:15), 
yielding yellow-orange needles, mp 92-92.5”. 
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Figure 7-Photodecomposition of uric acid in  the presence of riboflavin 
in human plasma. Each line represents a different human plasma. Each 
point represents the auerage of triplicate determinations. 


The plasma curves (Fig. 7) indicate that the photodecomposition oc- 
curred in plasma in  uitro. Uric acid levels at the termination of each ex- 
periment were lower than endogenous levels. Plasma containing uric acid 
in the absence of riboflavin showed no significant loss of uric acid after 
exposure to light for 24 hr. During HPLC analysis, the uric acid peak 
appeared 2.75 min after sample injection. A minor peak, which was not 
present in the aqueous solutions, was observed 1.75 min after sample 
injection and may he attributed to a lower molecular weight compound 
which was not retained by the membrane filter. The nonlinearity of the 
plasma curves may be due to the settling out of less translucent plasma 
components during irradiation. Also, a more complex reaction may occur 
in plasma than in the aqueous solutions. 
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ac Polarography for Tetracycline Analysis 
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Abstract 0 The electrode processes for the reduction of several tetra- 
cyclines by ac polarography were examined. In pH 4.0 Walpole acetic 
acid-acetate buffer, two main waves occurred; the first was quasire- 
versihle and the second was reversible. Results showed that the first wave 
can readily he used for quantitative work. The second wave would also 
be suitable provided that there was no interference from other electro- 
reducible substances. 


Keyphrases Tetracyclines, various-ac polarographic analysis, 
electrode processes identified Polarography, ac-analysis, various 
tetracyclines, electrode processes identified 0 Antibacterials-various 
tetracyclines, ac polarographic analysis, electrode processes identified 


Many methods have been reported for the quantitative 
analysis of the tetracycline antibacterials (l), including a 
range of electroanalytical methods (2). One method uti- 
lized ac polarography for the assay of tetracycline, chlor- 
tetracycline, and oxytetracycline with a mercury pool 
reference electrode (3). This method also was used to an- 
alyze doxycycline capsules (4). Studies on minocycline, 
lymecycline, and demeclocycline have not been reported. 
Therefore, it was of interest to see whether these antibi- 
otics behaved similarly and to extend the examination, 


using phase-sensitive ac polarography, to some pharma- 
ceutical preparations on the British market. 


Previous workers (3,4) who investigated the application 
of ac polarography to tetracycline analysis made no at- 
tempt to determine whether the wave was the result of a 
reversible, a quasireversible, or an irreversible electrode 
process. Bond (5) stated that a knowledge of the revers- 
ibility of the electrode reaction involved is very important 
when using ac polarography for quantitative analysis but 
that the analytical use of quasireversible ac electrode 
processes can be extremely unreliable. Moreover, irre- 
versible electrode processes may be a source of interference 
(5). 


EXPERIMENTAL 


Apparatus-All polarograms were obtained on a polarograph' 
equipped with a saturated calomel electrode (SCE), a dropping mercury 
electrode (DME), a mercury pool counter electrode, and a drop timer. 


1 Cambridge polarographic analyzer model 82P. 
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Figure 1-The ac polarogram for 5 X 
in pH 4.0 acetate buffer. 


A recorder2 was attached to the polarograph. A pH meter3 was fitted with 
a glass-calomel electrode system. 


Reagents a n d  Solutions-All chemicals were reagent grade. The 
tetracyclines were used as received. The potency of the reference tetra- 
cyclines was taken as the value provided by the manufacturer's micro- 
biological assay. This value was employed in calculating the weight of 
material required to prepare lop3 M stock solutions in pH 4.0 Walpole 
acetic acid-acetate buffer (6). 


M), the pH range of the 
buffer (3.7-5.8), the drop time, and the damping were varied as required 
to determine the relationship between these variables and the ac waves. 
The linearity range for six tetracyclines was determined using the given 
concentration range and the acetate buffer, scanning over a voltage range 
of from -0.75 to -1.75 v versus a saturated calomel electrode with a scan 
time of 200 sec, a drop time of 0.5 sec, a damping of 6, and an applied ac 
voltage of 10 mv, root mean square (rms) a t  38 Hz. 


Working standards contained either 5 X lop4 M or 25 mg of tetracy- 
cline1100 ml in the pH 4 acetate buffer. 


Tablets-Depending upon the number available, either 10 or 20 tab- 
lets were weighed and finely ground. According to the weight per tablet 
and the labeled potency, suitable samples were weighed to give 100 ml 
of solution in the pH 4.0 acetate buffer of theoretically either 5 X 
M or 25 mg of the tetracycline salt. This solution was filtered, and 1 ml 
was diluted to 10 ml with the same buffer to give a theoretical concen- 
tration of 5 X low5 M or 2.5 mgIlO0 ml. Five samples were prepared from 
each batch of tablets. 


Capsules-The contents of 10 capsules were emptied and weighed, 
and a suitable sample was taken as for the tablets. In certain cases, 3 min 
of sonication4 of the solution was necessary. 


Syrups-Appropriately sized samples were weighed and diluted with 
buffer to give a theoretical 5 X M solution after determination of 
the density of the syrup. The rest of the procedure was identical to that 
for tablets. 


Polarographic Analysis of Samples-All solutions were deoxy- 
genated with oxygen-free nitrogen for 10 min. In all instances, the po- 
larographic analyzer was set with the same conditions as for the linearity 
range experiments and with a suitable current sensitivity. Working 
standards were run alternately with the samples. Triplicate runs were 
carried out on each sample solution. All assays were performed a t  room 
temperature. 


The standard addition technique also was used. In these instances, four 
10-ml samples containing a theoretical tetracycline content of 1.25 mg 
were measured. Three samples received an accurately measured aliquot 
of the standard solution, i.e., 0.5,1, or 1.5 ml. The usual calculations were 
performed to compensate for dilution of the sample and the standard. 


M tetracycline hydrochloride 


The concentration range (1 X 10-'-5 X 


RESULTS AND DISCUSSION 


Two well-defined ac polarographic waves resulted a t  pH 4 for all tet- 
racyclines studied when a damping of 6 was used (Fig. 1). With zero 
damping, other waves became apparent (Fig. 2), the number and position 
depending upon the solution pH. The half-widths for the two main waves 
for tetracycline are given in Table I. The logarithmic analysis of the first 
of these waves a t  pH 4 gave two intersecting lines with slopes of 60 f 4 
and 108 f 3 mv; the second main wave gave a value of 120 f 2 mv. Vari- 


2 Telsec model 700. 
3 Vibret. 
4 Elliott Accoustica ESC520. 
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Figure 2-Effect of  pH on ac polarogram of tetracycline hydrochloride, 
5 X 


ation in the drop time had no effect on the peak potential, Ep,  of the 
second wave, but an increased drop time caused a cathodic shift in the 
first wave. Concentration changes appeared to have no effect on the Ep 
values of either main wave. At pH 4 and damping 6, the values for the first 
and second waves were -1.11 and -1.42 v, respectively. 


On the basis of the logarithmic analysis, the variation of Ep with drop 
time, and its asymmetry, the first main wave would appear to be complex, 
involving quasireversible or irreversible electrode processes. The second 
wave had a slope of 120 mv for the logarithmic analysis and a half-width 
of 90 mv. These parameters indicate that it is the result of a one-electron 
reversible process (5). Both waves gave linear relationships over the range 
from 2 X 10-6 to 1 X M for all tetracyclines tested including meth- 
acycline. The correlation coefficients for all plots were greater than 0.9997 
for the first wave and 0.998 for the second wave. Deviations from linearity 
occurred with both waves when the concentration of the solutions ex- 
ceeded 1 X M .  


With controlled conditions, the first wave was reproducible, as indi- 
cated by the correlation coefficient and the results in Table 11. In the 
present investigation, conditions were established so that only one buffer 
system was required for all seven tetracyclines. With the acetate buffer, 
a pH of 4 was suitable for the first wave in all instances. For the second 
wave, no single pH value was suitable for all tetracyclines. As shown in 
Fig. 2, the curved baseline demonstrates the influence of the background 
current for the second wave a t  pH 4.0. This curvature could account for 
the slightly lower correlation coefficient (0.998) obtained with the second 
wave compared to that for the first wave (0.9997). 


The results obtained using the ac polarographic procedure for the 
analysis of tablets, capsules, and a syrup, together with the microbio- 
logical assay results supplied by the manufacturers, are summarized in 
Table 11. The first wave was employed in all instances, and generally good 
agreement was obtained between the values obtained by the proposed 
method and those supplied by the manufacturers. In most instances, the 
calibration method gave answers similar to those obtained with the 
standard addition technique. 


For the first four products in Table 11, however, the standard addition 
method gave results that agreed well with those of manufacturer but the 
calibration method did not. The significant differences between the 
values obtained by the proposed method and those of the manufacturer 
for the last entry in.Table I1 can be explained on the basis of the rather 
lengthy lapse between the time of manufacture and its analysis in this 
investigation. Where appreciable differences occurred between the two 
techniques, the standard addition method gave a nonlinear relationship 
between peak current, I p ,  and the concentrations of tetracycline added. 


Table I-Half-Width Values for t he  Two Main ac Waves for  a 5 
X 


M in acetate buffer. 


M Tetracycline Solution at Various pH Values 


pH 
Wave 3.7 4.0 4.8 5.2 5.4 5.8 


First, mv f 2 75 80 88 98 100 103 
Second,mvf 2 88 90 87 91 88 86 
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Table 11-Results for Tetracycline Content of Commercial 
Preparations Using the First a c  Polarographic Wave 


tained no undissolved material. 
In some instances, erratic results occurred; they were attributed to 


incomplete dissolution of the tetracycline, even after continuous shaking 
for several hours. A few minutes of sonication overcame this problem. 


Calibra- Standard fat- If the sonication was prolonged for 10 minor more, however, low results 


Antibiotic Form Method Method Results The assay exhibits a high degree of precision and accuracy if standard 
addition techniques do not have to be employed. It is also rapid when 
comuared to manv chemical methods. and the sensitivitv is sufficientlv 


Mean of Stated 
Potency f SD, % M ~ ~ ~ -  


Dosage tion Addition turer’s occurred for which no satisfactory explanation can be offered. 


* ‘‘O ‘02” * 2’8 104‘1n Tetracycline 
hydrochloride 


Chlortetracycline 
hydrochloride 
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This deviation could be due to adsorbable species (5) such as methyl- 
cellulose, polysorbate, gelatin, and povidone, which may be present in 
pharmaceutical preparations. 


Where nonlinearity occurs in the assay of dosage forms and there is 
linearity between log I p  and log concentration for the pure drug, the 
method of Beukelman and Lord (7) may be applicable for determining 
the tetracycline concentration in pharmaceutical products. The results 
obtained by this method gave reasonable agreement between the values 
calculated from the three additions. The standard deviation was ap- 
proximately f2.5%. Although a filtration step was always carried out, 
in many instances this step was unnecessary because the solution con- 
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Figure 3-Effect of nystatin, 10 mglml, on the ac polarogram of tet- 
r ‘cycline hydrochloride, 5 X M, in pH 4 acetate buffer. Key: A, 
tetracycline hydrochloride plus nystatin; and B, tetracycline hydro- 
chloride. 


high to permit single tablet or capsule assays. 
The second wave is reversible and appears to be ideal for use in ana- 


lytical ac polarography (5). At pH 4, however, the precision, as shown by 
the correlation coefficient for the second wave, is less than that for the 
first wave. Linear relationships were also obtained at  pH 5.8 for tetra- 
cycline over the concentration range of 2 X 10+-1 X M with the first 
wave and of 5 X 10-7-1 X M with the second wave. The correlation 
coefficients were 0.996 and 0.999, respectively. The baseline for the second 
wave was almost parallel to the axis at  pH 5.8 (Fig. 2), which may account 
for the increased sensitivity when compared with the results a t  pH 4. 


An assay carried out a t  pH 5.8 for a batch of 250-mg tetracycline hy- 
drochloride capsules by the standard addition technique gave a mean 
percentage of the stated potency of 102.0 f 3.2 and 103.9 f 1.0% for the 
first and second waves, respectively. These values compared favorably 
with the manufacturer’s value of 104.1%. Thus, for tetracycline, it may 
be preferable to use pH 5.8, provided no other substance in the prepa- 
ration is electroreducible at a potential of -1.42 v uersus SCE. This value 
is considerably more negative than that of the first wave (Ep  = - 1.22 v 
versus SCE); therefore, there is an increased possibility of interfering 
reductions overlapping with the second wave. For example, nystatin at  
a concentration greater than 1 mglml in the final solution will interfere 
with the results obtained with the second wave but have no effect on the 
first wave (Fig. 3). Substances such as amphotericin and common ex- 
cipients such as lactose and magnesium stearate have no effect on tet- 
racycline reduction at  either the first or second wave. Thus, for certain 
tetracyclines, a pH value other than 4 may be preferred and, in some in- 
stances, it may be advantageous to use the second wave. 


More detailed studies are being carried out on the mechanism of the 
electrode processes. 
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Sodium Nitroprusside-Induced Hypothermia in Mice 


DAVID H. BURKEx and GERALD P. O'HARA 


Abstract 0 The hypothermic response following sublethal doses (1.25, 
2.5, and 5 mg/kg) of sodium nitroprusside was investigated in mice. The 
magnitude and duration of rectal temperature depression were shown 
to be dose related. Oral administration of nitroprusside (5 mg/kg) failed 
to alter rectal temperature significantly; subcutaneous, intraperitoneal, 
intravenous, and intracerebral injections at the same dosage level caused 
respective drops of 3.61,3.65,6.44, and 3.48". The degree of rectal tem- 
perature depression following nitroprusside (5 mg/kg ip) was dependent 
upon the ambient temperature. The time course of the effect of nitro- 
prusside (5 mg/kg ip) on tail temperature was noted. A transient rise in 
tail temperature, which coincided with the onset of rectal temperature 
depression, was attributed to the vasodilatory effect of the drug. Tail 
temperature depression occurred at the peak and throughout the re- 
mainder of the rectal temperature response, suggesting that nitroprusside 
may decrease heat production. Body temperature depression uia intra- 
cerebral administration, as well as pronounced sedation following ni- 
troprusside injection, suggests a central component to the thermolytic 
response. 


Keyphrases Sodium nitroprusside-effect on body temperature, 
various routes of administration, various ambient temperatures, mice 
0 Temperature, body-effect of sodium nitroprusside, various routes 
of administration, various ambient temperatures, mice 0 Hypother- 
mia-induced by sodium nitroprusside, effect of various routes of ad- 
ministration and various ambient temperatures, mice Antihypertensive 
agents-sodium nitroprusside, effect on body temperature, various routes 
of administration, various ambient temperatures, mice 


In previous experiments (l), sodium nitroprusside (so- 
dium nitroferricyanide) produced marked hypothermia 
in mice. Rectal temperature depression averaging ap- 
proximately 3 . 5 O  was noted 15 min following sublethal 
doses (5 mg/kg ip) of this potent hypotensive agent. Al- 
though the mechanism of this response has not been es- 
tablished, nitroprusside apparently is devoid of action on 
central and peripheral cholinoceptive sites. 


To provide insight into the mechanism of nitroprus- 
side-elicited hypothermia, this study investigated in 
greater detail the temperature response to sodium nitro- 
prusside. 


EXPERIMENTAL 


Adult male Swiss albino mice, 20-25 g, were housed in groups of 25 with 
ad libitum access to laboratory food1 and water for several days prior to 
experimentation. For 24 hr prior to and including the time of the exper- 
iment, the mice were kept in a room free from drafts a t  a constant envi- 
ronmental temperature of 23 f 1" unless otherwise noted. 


Solutions of sodium nitroprusside were freshly prepared with distilled 
water in concentrations (calculated as the salt) such that a volume of 0.01 
ml/g was delivered. Intracerebral injections, however, were administered 
in a fixed volume of 0.01 ml/mouse. 


A thermistor thermometer2 was used for obtaining rectal and tail 
temperatures. Rectal temperatures were recorded with a thermistor probe 
inserted to a distance of 2.5 cm and held in position until constant read- 
ings were attained. Tail temperatures were obtained by placement of a 
disk probe on the base of the tail. A small amount of electrode paste was 
applied to the surface of the disk probe. 


Intracerebral injections were accomplished according to the method 
of Haley and McCormick (2). Sodium nitroprusside or water (warmed 
to 38") was administered at  a point lateral to the midline joining the 
anterior bases of the ears. A 22-gauge needle attached to a microliter 


1 Purina chow. 
YSI model 46 Tele-Thermometer, Yellow Springs Instrument Co., Yellow 


Springs, Ohio. 
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Figure 1-Time course of the  e f fect  of distilled water (0.01 ml/g i p )  
( - - -0---)  and sodium nitroprusside (5 mglkg i p )  (-O--) on rectal and 
tail temperature i n  mice. Water  or nitroprusside was administered a t  
zero time. Open symbols denote a significant difference ( p  < 0.05) f rom 
the  water treatment  a t  the corresponding t ime interval. Each point 
represents the  average of 12 determinations. Vertical bars represent 
standard errors. 


syringe3 was inserted through the skull to a depth of 3 mm. The prior 
injection of several animals with a solution of metbylene blue (0.5%) re- 
sulted in localization of the dye in the third and fourth ventricles. 


At  the start of each day's testing, the mice were placed singly in circular 
wire-mesh cages and individual weights were obtained with a triple-beam 
balance4. Immediately following weight determination, initial temper- 
atures were recorded and treatment administration was accomplished. 
Temperatures were recorded again at various intervals. Unless otherwise 
stated, all treatments were given by the intraperitoneal route. Animals 
that served as controls received distilled water (0.01 ml/g). 


In the comparison of mean temperature changes ( ix . ,  the difference 
between temperature immediately prior to and at the appropriate interval 
following treatment), statistical significance was determined by the use 
of the Student t test. Temperature differences were considered to be 
significant a t  the probability level of 5% or less. 


RESULTS AND DISCUSSION 


The effect of sodium nitroprusside (1.25, 2.5, and 5 mg/kg ip) on the 
body temperature of mice was determined at  various intervals over 4 hr 
(Table I). At the lower dosage level (1.25 mg/kg), nitroprusside produced 
a body temperature depression lasting approximately 30 min. The in- 
tensity and duration of the hypothermic response were increased with 
higher doses. At all dosage levels investigated, maximal hypothermia was 
evident within 15-30 min. Decreased locomotor activity and muscle 


Hamilton. 
Ohaus. 
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Table I-Effect of Intraperitoneal Administration of Sodium Nitroprusside at Various Dosage Levels on the Body Temperature of 
Mice 


Temperature Change (Mean f SEP 
Sodium Nitroprusside 


Minutes Water 1.25 mg/kg 2.5 mg& 5 mg/kg 
15 +0.28 f 0.18' -1.35 f 0.25" -2.43 f 0.27' -4.08 f 0.53' 
30 +0.35 f 0.16' -0.79 f 0.19' -1.45 f 0.21' -4.11 f 0.51°b 
60 +0.23 f 0.24' -0.15 f 0.09' -0.93 f 0.25' -3.48 f 0.43' 


-2.82 f 0.52" 90 +0.16 f 0.21' -0.07 f 0.19' -0.73 f 0.23' 
120 +0.28 f 0.15" t0.02 f 0.20" t0.18 f 0.14' -1.56 f 0.43' 


-0.53 f 0.37" * 
240 +0.22 f 0.17' +0.10 f 0.14' +0.24 f 0.16' -0.13 f 0.31' 
180 t0.13 f 0.16' -0.03 f 0.18' +0.19 f 0.17' 


01 Temperature changes represent the difference between body temperature recorded initially and that obtained at the designated interval following water or nitroprusside 
treatment in groups of 12 mice. b Compared to water at the corresponding time interval, p < 0.05. 


Table 11-Mean Changes in Body Temperature 30 min following Sodium Nitroprusside Administration by Various Routes in Mice 


Water Sodium Nitroprusside (5 mg/kg) 


Initial Change Initial Change 
Temperature Temperature 


Route Temperature (Mean f SE)a Temperature (Mean f SE)" 
Oral 37.52' -0.12 f 0.16' 37.16' -0.21 f 0.29' 
Subcutaneous 37.41' -0.15 f 0.11' 37.61O -3.61 f 0.33' 
Intraperitoneal 37.29' 0.00 f 0.12' 37.45' -3.65 f 0.46'* 
Intravenous 37.46' +0.24 f 0.25' 37.60' -6.44 f 0.52' 
Intracerebral 37.61' -0.48 f 0.33' 37.75' -3.48 f 0.34' 


a Temperature changes represent the difference between body temperature recorded initially and that obtained 30 min following water or nitroprusside treatment 
in groups of 12 mice. Compared to water by the corresponding route, p < 0.05. 


Table 111-Body Temperature Changes 30 min after Intraperitoneal Injection of Sodium Nitroprusside to Mice a t  Various Ambient 
Temperatures 


Water Sodium Nitroprusside (5 mg/kg) 
Tem erature 'I'em erature 


Ambient Initial CRange Initial Ctange 
Temperature Temperature (Mean f SE)" Temperature (Mean f S E )  


18' 36.95' +0.06 f 0.09' 37.11' -6.53 f 0.46' 'J 
23' 37.33O f0.06 i 0.16' 37.52' -4.44 f 0.44'' 
28' 38.06' -0.01 f 0.10' 38.24' -1.75 f 0.14"b,' 


(I Temperature changes represent the difference between body temperature recorded initially and that obtained 30 min following water or nitroprusside treatment 
in groups of 12 mice. Compared to water at the corresponding ambient temperature, p < 0.05. c Compared to sodium nitroprusside a t  23', p < 0.05. 


weakness developed approximately 10 min after administration and were 
present throughout the entire body temperature response. Visible shiv- 
ering and increased muscle tone were unapparent during and upon re- 
covery from hypothermia. 


Sodium nitroprusside (5 mgfkg) was administered to groups of 12 mice 
by the oral, subcutaneous, intraperitoneal, intravenous, and intracerebral 
routes, and the effect on body temperature at 30 min was noted (Table 
11). The compound was inactive when given by oral intubation. This 
observation supports the work of Page et al. (3), who noted that sodium 
nitroprusside produced minimal hypotension by this route in various 
species. Significant hypothermia occurred following injection by the 
subcutaneous, intraperitoneal, intravenous, and intracerebral routes. 
Greatest activity was seen with the intravenous route; rectal tempera- 
tures averaged 6-7' lower than the values obtained prior to treat- 
ment. 


Symptoms were depressant in nature, except in the case of the intra- 
cerebral route where the animals exhibited profound clonic and tonic 
convulsant activity after a latent period of approximately 30 min. During 
this latency, however, symptoms were characteristically depressant. All 
animals injected by this route died between 60 and 90 min following 
treatment. Intracerebral injection with lower doses of nitroprusside (0.025 
mg/kg) caused a lesser degree of hypothermia (0.81') and no incidence 
of lethality (data not included). 


The influence of ambient temperature upon the thermal response of 
mice to sodium nitroprusside (5 mg/kg ip) is illustrated in Table 111. 
Animals exposed to an environmental temperature of 18' exhibited rectal 
temperature depression amounting to 6.53', while mice exposed to 23 
and 28' gave drops of 4.44 and 1.75', respectively. These values were 
significantly different from one another. 


Figure 1 depicts the time course of changes in rectal and tail temper- 
atures after sodium nitroprusside (5 mgfkg) administration. Prior to the 
intraperitoneal injection, r e d  and tail temperatures averaged 37.50 and 


25.12', respectively. The rectal temperature response was similar to that 
shown in Table I. Tail temperature was elevated (C0.54') 10 min after 
nitroprusside injection, followed by a sharp decline lasting approximately 
3 hr. 


These results support the earlier report (1) that sodium nitroprusside 
induces a pronounced fall in the body temperature of mice, dependent 
upon the dose and route of administration. 


The ambient temperature had a pronounced effect on the intensity 
of body temperature depression by nitroprusside. Since the metabolism 
rate is temperature dependent, it is important to regulate the hypo- 
thermic response while measuring other pharmacological parameters. 
Such information may be useful in future studies on the mechanism of 
action of this compound. 


During the rapid fall in rectal temperature, tail temperature was 
transiently elevated (Fig. 1). Presumably, this elevation was due to the 
well-known vasodilator action of the drug. Vasodilation and, thus, in- 
creased peripheral heat loss apparently contribute early in the production 
of hypothermia. However, from 20 min onward, tail temperature de- 
pression paralleled the rectal temperature response. This observation 
suggests that a mechanism (or mechanisms) other than vasodilation 
contributes to the thermolytic response. Tail temperature depression 
throughout most of the rectal temperature response suggests that de- 
creased heat production, rather than increased heat dissipation, plays 
a major role in nitroprusside-induced hypothermia. The vasodilatory 
action of the drug may, in fact, play only a minor transient role in body 
temperature depression. 


Thus far, no data support an effect of nitroprusside on the central 
nervous system (CNS), nor is there any evidence that its effects are me- 
diated through this system. Certain observations during this investigation 
suggest a possible central component of the hypothermic activity of ni- 
troprusside. The decrease in body temperature produced by intracerebral 
administration and the pronounced sedation produced by doses that 
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significantly depress body temperature suggest that nitroprusside causes 
hypothermia, in part, through an action on the CNS. Conceivably, the 
drug may cause nonspecific depression of thermoregulatory control 
centrally. This action could explain the absence of compensatory shiv- 
ering and increased muscle tone, although nitroprusside interference at 
the effector level could account for these absences. 
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Application of 13C-NMR Spectroscopy to 
In Vitro Analysis of Enzyme Kinetics 


H. L. JOHNSONx, D. W. THOMAS, M. ELLIS, L. CAR 


Abstract 0 The conversion of ~ , L - a - ~ ~ C - h i s t i d i n e  to similarly labeled 
a-I3C-histamine by bacterial and mammalian histidine decarboxylase 
was studied by '3C-NMR spectroscopy and GLC-mass spectrometry. 
The results obtained with the partially purified bacterial enzyme were 
in essentially perfect agreement with results obtained simultaneous- 
ly with a standard radioisotopic method using ~arboxyl-labeled- '~C-~- 
histidine. For a crude tissue preparation of the mammalian enzyme, the 
radioisotopic method indicated an activity three times that based on 
'3C-NMR measurement of a-IT-histamine. The difference in results 
was accountable in terms of additional I3C-NMR signals attributable to 
products other than histamine due in part to enzymatic degradation of 
the latter. 


Keyphrases 0 D,L-a-13C-Histidine-conversion to histamine by his- 
tidine decarboxylase, I3C-NMR and GLC-mass spectral study a D,L- 
a-13C-Histamine-conversion from histidine by histidine decarboxylase, 
I3C-NMR and GLC-mass spectral study 0 Enzyme activity-histidine 
decarboxylase, conversion of ~ ,~ -u - '~C-h i s t id ine  to histamine, 13C-NMR 
and GLC-mass spectral study 0 13C-NMR spectroscopy-study of 
conversion of D,L-a-13CC-histidine to histamine by histidine decarboxylase 


GLC-mass spectrometry-study of conversion of ~,L-a-I~C-histidine 
to histamine by histidine decarboxylase 


Many in vitro assays of enzyme activity are relatively 
inconvenient, time consuming, or indirect in that mea- 
surements are based on cofactors or coproducts rather than 
the major product. Furthermore, compounds are fre- 
quently assayed for inhibitory activity using crude tissue 
preparations where the primary product may be exposed 
to further enzymatic transformations that may or may not 
be affected by the test compound. An example is the assay 
of specific histidine decarboxylase (EC 4.1.1.22) in minced 
tissue or crude extracts of mammalian tissues (1). One 
method of assay measures the '*C-carbon dioxide evolved 
from carboxyl-labeled 14C-histidine (2), and other methods 
are based on the measurement of the histamine produced 
(1). 


The increasing availability of stable isotopic interme- 
diates suggested exploration of NMR spectra using syn- 
thetic isotopic-enriched substrates as a convenient means 
of quantitatively and directly determining the kinetics of 
formation of multiple products in a crude enzyme assay. 
For initial exploration, 13C-enriched histidine (3) was used; 
I3C-NMR results were compared with a standard ra- 


, and J. I. DeGRAW 


w L - I' ' " I " '  " " 
7 0  60 50 40 


PARTS PER MILLION 


Figure 1-I3C-NMR spectrum of bacterial histidine decarboxylase 
reaction mixture [conuersion of ~ , ~ - a - ' ~ C - h i s t i d i n e  (M -t 4) to a- 
I3C-histamine ( M  + 4 ) ] .  Protein was removed by heat precipitation. 
Key: A, a-I3C-histidine; B, a- W-histamine; and C, reference 13C- 
acetate. 


dioisotopic method (2) using histidine decarboxylase of 
both bacterial and mammalian origin. With the bacterial 
enzyme, mass spectrometry served-as an additional com- 
parison. 


EXPERIMENTAL 


Carboxyl-labeled-14C-L-histidine (13 mCi/mmole) was obtained 
commercially'. Nonradioactive isotopic D,L-histidine (2,5-2H,3-15N,a- 
I3C-labeled) was synthesized with 80% enrichment in M + 4 and 20% M 


* New England Nuclear Corp., Boston, Mass. 
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Pharmacokinetic Evidence for Improved Ophthalmic 
Drug Delivery by Reduction of Instilled Volume 


THOMAS F. PATTON 


Abstract 0 The bioavailability of topically applied pilocarpine nitrate 
was studied as a function of instilled volume. As the instilled volume 
decreased, the fraction of dose absorbed increased. The relationship 
between fraction absorbed and instilled volume was not direct, but ap- 
propriate adjustment of instilled volume and concentration should permit 
substantial dosage reductions without sacrifice of drug concentration in 
the eye. The implications of these findings from both a therapeutic and 
toxicity standpoint are discussed. 


Keyphrases Pilocarpine nitrate-bioavailability, effect of instilled 
volume Bioavailability-pilocarpine nitrate, effect of instilled volume 


Ophthalmic cholinergics-pilocarpine nitrate, bioavailability, effect 
of instilled volume 


The drainage of an instilled drug solution away from the 
eye is considerable and can affect its biological activity (1). 
This drainage is dependent upon the volume instilled and 
increases linearly with instilled volume over a large range 
(1). This fact (2, 3) has been incorporated into experi- 
mental design. However, the concept of reducing drop size 
to improve ophthalmic drug delivery has not become 
widespread, perhaps because the pharmacokinetic ad- 
vantages of such an approach have not been empha- 
sized. 


A study of the dynamics of instilled fluid drainage (1) 
showed that the miotic activity of pilocarpine was en- 
hanced by administering the same amount of pilocarpine 
in decreasing volumes. No actual measurements of drug 
penetration to the interior of the eye were made. More 
recent studies showed that the bioavailability of 
ophthalmic drugs was improved by slowing the rate of 
drainage of instilled drug solutions (4-8). The measure- 
ment of drug concentration in the eye following the re- 
duction of instilled volume and the resultant phar- 
macokinetic parameters were not reported previously. 


In a recent study (9), the aqueous chamber drug distri- 
bution volume for ophthalmic drugs was calculated, 
thereby making it possible to define more precisely the 
pharmacokinetics of topically applied ophthalmic drugs. 
Therefore, the purpose of the present study is to show that, 
as the instilled volume of pilocarpine nitrate is decreased, 
the fraction of dose absorbed increases. As a result, the 
parameters of instilled volume and drug concentration can 
be quantitated to provide a desired level of drug in the 
eye. 


EXPERIMENTAL 


Pilocarpine Solutions-Pilocarpine nitrate was used as received'. 
Tritiated pilocarpine2, specific activity 4.1 Ci/mmole, was purified prior 
to use by evaporation as recommended previously (10). The concentration 
of pilocarpine nitrate used was 1 X M in all studies. Solutions were 
prepared in isotonic pH 6.24 Sorensen phosphate buffer and were filtered 
but not sterile. Procedures for the preparation of the tritiated solutions 
were described previously (10). 


Methods-Male, New Zealand, albino rabbits, 60-67 days old, were 
used. Prior to experimentation, the animals were.maintained in standard 
laboratory animal cages and allowed food and water ad libitum. During 
the experiments, all test animals were kept in restraining boxes in the 
normal upright position. The head was unencumbered so that all normal 
eye movements were maintained. The animals were unanesthetized in 
all cases. 


The volumes of instilled solutions administered were 5,10,15, and 25 
pl and were delivered accurately with a microliter syringe3. At  various 
times postinstillation (5,10, 15,20,30,45,60,90, and 120 min), rabbits 
were sacrificed with an overdose of pentobarbital sodium injected into 
a marginal ear vein. Eyes were immediately rinsed and blotted, and 
aqueous humor (at least 100 pl) was aspirated from the anterior cham- 
ber. 


One hundred microliters of aqueous humor was quantitatively trans- 
ferred4 to scintillation counting vials5 containing 5 ml of prerefrigerated 
liquid scintillation cocktail6. After storage in the dark at room temper- 
ature for a t  least 24 hr, samples were counted7. These counts were con- 
verted to micrograms of pilocarpine per milliliter of aqueous humor using 
suitable standard and blank corrections. 


RESULTS 


Aqueous humor concentration-time profiles of pilocarpine for the four 
instilled volumes are shown in Table I. These data were plotted semi- 
logarithmically, and the terminal slopes were calculated uia linear re- 
gression analysis. From these slopes, the elimination rate constants were 
calculated. By using the trapezoidal rule with extrapolation to infinity, 
the areas under the aqueous humor concentration-time profiles were 
calculated (Table 11). The apparent maximum in area under the curve 
with an instilled volume of 15 pl is currently unexplained. This maximum 
also was observed in other experiments and will be discussed in more 
detail later. 


Using rabbits of similar size and age, Conrad and Robinson (9) calcu- 
lated the aqueous humor distribution volume of pilocarpine to be 0.575 


1 Sigma Chemical Co., St. Louis, Mo. 
2 New England Nuclear, Boston. Mass. 
3 Hamilton Co., Reno, Nev. 
4 Biopette, SchwardMann, Orangeburg, N.Y. 
5 Mini-vial. ICN Isotoue and Nuclear Division, Cleveland, Ohio. 
6 Aquasol, New Englaid Nuclear, Boston, Mass. 
7 Model LS-150 liquid scintillation counter, Beckrnan Instruments, Fullerton, 


Calif. 
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Table I-Aqueous Humor Concentration a (Micrograms per 
Milliliter)-Time Profiles following Instillation of Various 
Volumes of 1 X MPilocarpine Nitrate in Rabbits 


Volume Instilled. ul 
Minutes 5 10 15 25b 


5 0.17 (0.03) 0.29 (0.03) 0.29 (0.03) 0.55 (0.06) 
10 0.47 (0.05) 0.44 (0.02) 0.79 (0.10) 1.03 (0.14) 
15 0.48 (0.07j 0.65 (0.04j 1.03 (o.osj 1.11 io.iij 
20 0.51 (0.05) 0.88 (0.11) 1.16 (0.12) 0.98 (0.12) 
30 0.50 (0.03) 0.74 (0.11) 0.92 (0.18) 0.93 (0.12) 
45 0.38 (0.05) 0.49 (0.05) 0.67 (0.10) 0.42 (0.04) 
60 0.26 (0.03) 0.36 (0.05) 0.33 (0.04) 0.44 (0.04) 
90 0.17 (0.02) 0.22 (0.02) 0.21 (0.03) 0.19 (0.02) 


120 0.08 (0.01) 0.11 (0.02) 0.15 (0.03) 0.11 (0.01) 


Mean with standard error in parentheses. Each point is the mean of at least 
seven determinations. Data taken from Ref. 11. 


ml. When this volume was applied to the data reported here, the fraction 
of dose absorbed ( F )  for each volume studied, 5,10,15, and 25 pl, was 3.01 
X 10-2,2.23 X 1.92 X and 1.16 X loA2, respectively. 


DISCUSS I 0  N 


The smaller the instilled volume, the greater is the fraction of applied 
dose absorbed. These results were implied previously (1) but were not 
demonstrated pharmacokinetically. Drainage rate is linear with instilled 
volume over a fairly wide range (l), but the relationship between fraction 
absorbed and volume is more complex due to other complicating factors. 
For example, decreases in the drainage rate (i.e.,  increasing drug contact 
time) did not result in proportional increases in aqueous humor levels 
of drug (7,8). 


This result is true also with the fraction of dose absorbed, as seen from 
the calculated values. A fivefold decrease in volume results in approxi- 
mately a threefold increase in fraction absorbed, possibly due to com- 
peting routes of drug absorption. For a topically applied drug to reach 
the aqueous humor, it must penetrate the cornea, but conjunctival or 
nonproductive absorption also occurs and competes with the cornea for 
drug uptake (8). Drug absorbed by this nonproductive route is not 
thought to reach the anterior chamber. 


What is apparent from this study is that a considerable decrease in 
instilled volume coupled with a slight increase in instilled concentration 
should result in the same amount of drug reaching the interior of the eye 
as if much larger volumes were administered. A simple calculation il- 
lustrates this point. Twenty-five microliters of a l X lo-* M pilocarpine 
nitrate solution resulted in an area under the curve of 60.9 pg min ml-l. 
The dose administered was 67.82 pg, and the fraction absorbed was 1.16 
X 10-2 M. If one wishes to match this area with a dose of 5 pl, the fol- 
lowing equation allows the calculation to be made: 


FD A = -  
V K  


or, rearranged: 
A V K  D = -  


F 


(Eq. 1) 


(Eq. 2) 


The value of F for the 5-pl case is 3.01 X 10-2, and K = 1.88 X min-I. 
The area desired is 60.9 pg min ml-l, and the value for V is 0.575 ml(9). 
The calculated value for D is 21.87 pg, which corresponds to a concen- 
tration of 1.61 X M pilocarpine nitrate 
should result in the same area under the curve as a 25-p1 dose of 1.00 X 
10-2 M pilocarpine nitrate. 


Therapeutically, it should be possible, by reducing the instilled volume 


M. A 5-pl dose of 1.61 X 


Table 11-Elimination Rate Constants and Areas under the 
Aqueous Humor Concentration-Time Profiles following 
Instillation of Various Volumes of 1 x lo-* M Pilocarpine 
Nitrate in Rabbits 


Area, 
pg min ml-1 Pl Pg min-I 


5 13.56 1.88 X 37.8 
10 27.13 2.05 X 51.3 
15 40.69 2.13 x 63.8 
25 67.82 2.25 x 60.9 


Volume Instilled, Dose, K ,  


by a factor of five, to reduce the dose administered by approximately a 
factor of three without altering drug concentration at the active site. This 
finding is significant and shows that the doses currently used for 
ophthalmic drugs are generally much larger than required. Potentially 
more important, however, are the implications from a toxicity standpoint. 
In both the 5- and 25-11 cases, only a small fraction of the dose is absorbed 
into the eye, the remainder being lost by various routes and potentially 
available to act systemically. By reducing the instilled volume and, hence, 
substantially decreasing the applied dose, the potential for toxic effects 
is reduced while drug concentration in the eye is maintained. 


By using the data presented here, other combinations of volume and 
concentration adjustments are possible. Studies are currently in progress 
to confirm these findings and determine any complicating factors. Any 
rational approach to the development of ophthalmic dosage regimens 
should consider the excessive volumes currently used and the advantages 
from the development of better, small volume delivery systems. 
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of mouse > rat > guinea pig (4), one would expect the excretion of glu- 
tathione degradation products in these three species to be mouse > rat 
> guinea pig. This pattern was observed; the mouse excreted 15.5% of 
the dose in 14 hr as glutathione degradation products (Table IV) com- 
pared to a 12-hr excretion of 5.1% in the rat (2) and 1% in the guinea pig 
(3). Excretion of glutathione degradation products in the mouse increased 
following aspirin pretreatment (Table IV). On the basis of the catabolite 
hypothesis (20), this result suggests that aspirin-pretreated mice are more 
susceptible to acetaminophen-induced hepatotoxicity than are vehicle- 
pretreated mice. 


However, if aspirin increased the pool of cysteine or precursors of 
cysteine by reducing active sulfate levels, as already suggested, then the 
increased urinary excretion, of glutathione degradation products could 
indicate an increase in the conjugative detoxication of the toxic metab- 
olite or protection from acetaminophen-induced hepatotoxicity. In 
support of the latter hypothesis is a study where aspirin showed a pro- 
tective effect against toxic doses of acetaminophen (21). 


CONCLUSION 


The metabolite profile of acetaminophen in the mouse was not exactly 
the same as that observed in humans (22,23). However, the mouse bio- 
transformed acetaminophen more like the human than either the rat (2) 
or the guinea pig (3). Since the mouse is more susceptible to acetamino- 
phen hepatotoxicity than either the rat or the guinea pig (4) and bio- 
transformation of acetaminophen in the mouse resembles that occurring 
in humans, the mouse is a better animal model than either the rat or 
guinea pig for toxicological studies involving acetaminophen. 
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Colorimetric Determination of Aliphatic Acids 


JAMES W. MUNSON X and ROMAN BILOUS * 


Abstract CI A colorimetric method for the determination of carboxylic 
acids based on the dicyclohexylcarbodiimide-coupled reaction of 2-ni- 
trophenylhydrazine and carboxylic acids is described. The product of 
the reaction is extracted into aqueous sodium hydroxide to produce a blue 
color. This method is suitable for the analysis of aliphatic acids, but ar- 
omatic acids do not react under these conditions. 


Keyphrases Aliphatic carboxylic acids-colorimetric analysis in so- 
lutions IJ Carhoxylic acids, aliphatic-colorimetric analysis in solutions 
0 Colorimetry-analysis, aliphatic carboxylic acids in solutions 


The recent application of the coupling agent dicyclo- 
hexylcarbodiimide in the analysis of carboxylic acids via 
hydroxamic acid formation (1) prompted investigation of 
this reagent to couple carboxylic acids with 2-nitrophen- 
ylhydrazine. An earlier study (2) showed that the hydra- 
zide resulting from the reaction of 2-nitrophenylhydrazine 


with activated carboxylic acid derivatives such as acid 
anhydrides and acid chlorides gives an intense blue color 
in aqueous hydroxide solutions. This color formation was 
useful for the colorimetric analysis of these substances. 


The objective of this study was to adapt the dicyclo- 
hexylcarbodiimide-coupled reaction of carboxylic acids 
and 2-nitrophenylhydrazine to produce a colorimetric 
method for the determination of carboxylic acids. 


EXPERIMENTAL 


Materials-Unless otherwise stated, analytical reagent grade chem- 
icals were used. Acetonitrile was distilled from phosphorus pentoxide, 
with the fraction boiling a t  81.5’ being collected. Dichloromethane was 
distilled directly, with the fraction boiling a t  39.5’ heing collected. 2- 
Nitrophenylhydrazine was recrystallized from water-methanol (85:15), 
yielding yellow-orange needles, mp 92-92.5”. 
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Carboxylic acid solutions were prepared by dilution of a stock solution 
of the acid in dichloromethane’. The exact concentrations of the stock 
solutions were determined by potentiometric titration with standard 
sodium hydroxide in methanol. Stock solutions of 2-nitrophenylhydrazine 
(in dichloromethane) and dicyclohexylcarbodiimide in acetonitrile were 
prepared fresh daily. 


All reactions2 were carried out a t  60 f 0.2’ in 15-ml round-bottom 
centrifuge tubes with polytef-lined caps. 


Effect of Pyridine on Color Formation-Appropriate volumes of 
acetic acid, dicyclohexylcarbodiimide, 2-nitrophenylhydrazine, and 
pyridine were added to a centrifuge tube. The amount of pyridine added 
was varied up to 40.5% (v/v), with dichloromethane being used to main- 
tain a constant volume. The sealed tubes were heated for 15 min a t  60’ 
and cooled. Aliquots of 5 ml of 1 N NaOH were added to each tube. The 
tubes were then rocked for 15 min and centrifuged a t  2000 rpm for 15 
min. 


The absorbance of the aqueous layer was measured a t  535 nm in a 1-cm 
cell against an appropriate blank. The concentrations of the reagents in 
the reaction mixture were: acetic acid, 0.00014 M ;  dicyclohexylcarbodi- 
imide, 0.0135 M ;  2-nitrophenylhydrazine, 0.0132 M ;  and pyridine, 0- 
40.5% (v/v). The volume of the reaction mixture was 7.4 ml before heating 
and subsequent addition of 5 ml of 1 N NaOH. 


Effect of 2-Nitrophenylhydrazine Concentration on Color For- 
mation-Reaction mixtures were prepared as described, except that the 
2-nitrophenylhydrazine concentration was varied while all other pa- 
rameters were held constant. The samples were treated in the same way 
as described. The concentrations of reagents in the reaction mixture were: 
acetic acid, 0.00013 M ;  dicyclohexylcarbodiimide, 0.0119 M ;  pyridine, 
16.67% (v/v)”; and 2-nitrophenylhydrazine, 0-0.0292 M .  The volume of 
the reaction mixture was held constant at 8.4 ml before heating and 
subsequent addition of 5 ml of 1 N NaOH by addition of appropriate 
amounts of dichloromethane. 


Effect of Dicyclohexylcarbodiimide Concentration on Color 
Formation-With the optimum concentrations of pyridine and 2-ni- 
trophenylhydrazine as previously determined, reaction mixtures were 
prepared with varying amounts of dicyclohexylcarbodiimide (0-0.090 
M )  and a fixed acetic acid Concentration. The samples were treated as 
before a t  60’. The Concentrations of reactants in the final reaction mix- 
ture were: acetic acid, 0.00018 M ;  2-nitrophenylhydrazine, 0.0163 M ;  
pyridine, 16.67% (v/v); and dicyclohexylcarbodiimide, 0-0.0417 M .  The 
volume of the reaction mixture, before heating and subsequent addition 
of 5 ml of 1 N NaOH, was maintained a t  8.0 ml by addition of acetonitrile 
and dichloromethane. 


Determination of Reaction Time fo r  Acetic Acid-Reaction 
mixtures were prepared containing acetic acid, 0.00017 M ;  dicyclohex- 
ylcarbodiimide, 0.042 M; pyridine, 16.67% (v/v); and P-nitrophenylhy- 
drazine, 0.0163 M (final volume 6.0 ml). The reaction mixture was heated 
at  60°, and samples were removed as a function of time. The samples were 
cooled, rocked for 15 min with 5.0 ml of 1 N NaOH, and centrifuged a t  
2000 rpm for 15 min. The absorbance of the aqueous layer was measured 
a t  535 nm. 


Suggested Analytical Procedure fo r  Acetic Acid-Place 2.0 ml 
of an acetic acid solution in a 15-ml centrifuge tube. Add 1.0 ml of dicy- 
clohexylcarbodiimide (0.250 M ) ,  1.0 ml of pyridine, and 2.0 ml of 2-ni- 
trophenylhydrazine (0.049 M ) .  React at 60’ for 30 min, cool, and add 5.0 
ml of 1 N NaOH. Rock the tube, and centrifuge for 15 rnin a t  2000 rpm. 
Measure the absorbance of the aqueous phase a t  535 nm against an ap- 
propriately prepared blank. 


Determination of Extent of Reaction of Other  Carhoxylic 
Acids-Reaction mixtures containing other carboxylic acids were pre- 
pared in the same manner as in the acetic acid studies. The reactions were 
carried out a t  60°, with samples being withdrawn as a function of time 
and treated as previously described. 


Determination of Extent of Reaction of Other  Carboxylic Acid 
Derivatives-Reaction mixtures were prepared by using the suggested 
analytical procedure for acetic acid, with the samples being 
M solutions of acetamide, butyrolactone, and ethyl acetate in dichloro- 


and 


In some instances, it was necessary to prepare stock solutions in a 50% (v/v) 
solution of dichioromethane and pyridine. The pyridine concentration was taken 
into account in later experiments. 


The rate of this reaction increases with temperature. However, the high volatility 
of the solvent (dichioromethane) prevents running these reactions at  higher tem- 
peratures. 


Although the maximum yield was obtained at  approximately 12% (v/v) pyridine, 
a concentration of 16.67% (vh)  was chosen for further studies to facilitate adding 
1.0 mi into the samples. Very little sensitivity is sacrificed to obtain this experi- 
mental simplification. 


10 20 30 40 
PYRIDINE, % v/v 


Figure 1-Effect of pyridine concentration on color formation resulting 
from the reaction of acetic acid. 


methane. The reaction mixtures were then subjected to the suggested 
analytical procedure for acetic acid. 


RESULTS AND DISCUSSION 


Preliminary experiments indicated that polar solvents facilitated the 
dicyclohexylcarbodiimide-coupled reaction of carboxylic acids and 2- 
nitrophenylhydrazine. Use of protic solvents such as methanol gave ir- 
reproducible results. This phenomenon was probably due to the con- 
densation of the carboxylic acid and the solvent to form an unreactive 
ester. T o  find a suitable polar, aprotic solvent, a series of halogenated 
hydrocarbons was studied. Dichloromethane gave better results than 
chloroform or 1,2-dichloroethane. In an attempt to increase the polarity 
of the solvent by the addition of pyridine, the observation was made that 
pyridine catalyzed the reaction of interest. A systematic study was then 
undertaken to establish the optimum conditions for this reaction. 


Figure 1 shows the effect of pyridine concentration on the color for- 
mation when acetic acid was used as the substrate. Absorbance mea- 
surements were made prior to the completion of the reaction. Conse- 
quently, differences in absorbances indicate differences in reaction rates. 
Pyridine apparently catalyzed the reaction a t  lower concentrations and 
inhibited the reaction a t  high concentrations. A more reasonable expla- 
nation is that the increasing pyridine concentration adversely affected 
the partitioning of the reaction product from the reaction mixture into 
the basic aqueous phase. Regardless of the cause of the observed behavior, 
addition of pyridine (16.7% v/v) produced an adequate increase in the 
reaction rate. 


The effect of 2-nitrophenylhydrazine concentration was investigated 
under the same conditions with the optimum pyridine concentration. 
Color formation increased as a function of the 2-nitrophenylhydrazine 
concentration (Fig. 2). Since the blank absorbances were quite high a t  
concentrations above 0.0175 M ,  a concentration of 0.0163 M was selected 
for future studies. This value gave sufficiently high yields with an ac- 
ceptable blank level. 


A similar study was conducted to find the optimum concentration of 
dicyclohexylcarbodiimide (Fig. 3). A maximum yield was obtained a t  a 
concentration of about 0.04 M .  The decrease in absorbance a t  higher 
concentration is unexplained. 


Under the conditions of optimum concentrations of pyridine, dicy- 
clohexylcarbodiimide, and 2-nitrophenylhydrazine, acetic acid reacted 
completely within 30 rnin a t  60’. Subsequently, multiple samples of acetic 
acid solutions of known concentration were subjected to the suggested 
analytical procedure. Three separate runs of seven concentrations each 
gave a linear regression line described by: 


absorbance = 1527[acetic acid ( M I ]  - 0.008 (Eq. 1) 


The correlation coefficient for this equation was 0.994 with a standard 
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2-NITROPHENYLHYDRAZINE, M 
Figure 2-Effect of 2-nitrophenylhydrazine concentration on color 
formation resulting from the reaction of acetic acid. 
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Figure 3-Effect of dicyclohexylcarbodiimide concentration on color 
formation resulting from the reaction of acetic acid. 


error of the estimate (Sxy) of 0.049. Six separate determinations of 4.2 
X M acetic acid gave a standard deviation of 0.0092 (mean absorb- 
ance of 0.620). The concentration range for the linear regression analysis 
was 1-10 X lo-* M. 


Several other carboxylic acids were studied under the optimum con- 
ditions as determined for acetic acid. At a reaction time of 45 min, butyric, 
succinic, and indoleacetic acids were detectable at concentrations of 
M (absorbance greater than 0.1). Under the same conditions, phenyl- 
acetic, 2-methyl-2-hydroxypropanoic, and cinnamic acids were detectable 
a t  M. Aromatic acids did not react under these conditions. Ethyl 
acetate, y-butyrolactone, and acetamide at  concentrations of and 


The analysis of butyric acid extracted from aqueous solutions (five 
M gave no measurable absorbance. 


samples) produced a linear calibration curve described by: 


absorbance = 333 [butyric acid (M)) - 0.037 (Eq. 2) 


The correlation coefficient for this equation was 0.991 with a standard 
error of the estimate (Sxy) of 0.054. The sensitivity was less than that 
expected from studies of butyric acid in nonaqueous solvents. This result 
was probably due to an incomplete recovery of butyric acid from the 
aqueous sample. The concentration range for this study was 1-5 X 
M. Nevertheless, these results demonstrate the feasibility of analyzing 
aliphatic acids in aqueous solution by this method. 


Condition optimization is required for acids other than the simple al- 
iphatic acids discussed here. This method does not appear to be suitable 
for the analysis of aromatic acids. 
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C O M M  UNIC.4 T I O N S  


Effect of Ibuprofen on Protein Binding of 
Warfarin in Human Serum 


Keyphrases Ibuprofen-effect on protein binding of warfarin, human 
serum Binding-warfarin to serum protein, effect of ibuprofen, humans 


Warfarin-serum protein binding, effect of ibuprofen, humans 0 
Anti-inflammatory agents-ibuprofen, effect on protein binding of 
warfarin, human serum 0 Anticoagulants-warfarin, serum protein 
binding, effect of ibuprofen, humans 


To t h e  Editor: 
Ibuprofen is a widely used anti-inflammatory, which is 


extensively bound to plasma proteins (1). Studies in rats 
showed that ibuprofen can displace warfarin from serum 
protein binding sites and that this displacement causes an 
increase in the total body clearance of warfarin and in the 
anticoagulant effect produced by a given concentration of 
total (free and protein-bound) drug (2). 


Theoretical considerations indicate that the displace- 
ment of a drug from protein binding sites should be asso- 
ciated with a transient and intermittent increase in the 
pharmacological effect (3,4). However, no such potentia- 
tion was observed in humans with respect to the antico- 
agulant effect of warfarin when ibuprofen was adminis- 
tered in doses of up to 2.4 glday (5). In view of the recent 
tendency to use even larger doses of ibuprofen for the 
treatment of inflammatory disease, it was considered ad- 
visable to determine the relationship between ibuprofen 
concentration and protein binding of warfarin in human 
serum. 


Blood was obtained from five healthy adult females who 
were taking no drugs other than oral contraceptives. Serum 
was separated and pooled. Racemic 14C-warfarin (1.34 
pg/ml) and ibuprofen (0-200 pg/ml) were added, and the 
free fraction of warfarin was determined in duplicate by 
equilibrium dialysis (6). 


The pooled serum contained 4.18% albumin and 8.46% 
total protein. The free fraction of warfarin in the absence 
of ibuprofen was 0.00978, equivalent to 99.022% protein 
binding. The free fraction increased continuously with the 
increasing ibuprofen concentration (Fig. 1). At  the highest 
concentration of ibuprofen (about 200 pg/ml), the warfarin 
free fraction was 0.0198, i.e., twice as large as in the absence 
of ibuprofen. 


It is estimated that the steady-state serum concentration 
of ibuprofen produced by administration of 600 mg every 
6 hr to adult patients is about 30-40 pglml ( 2 ) .  A t  this 
concentration, ibuprofen increases the warfarin free 
fraction in human serum by only about 10% so that no 
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Figure 1-Effect of ibuprofen on protein binding of warfarin in  pooled 
human serum. Shown is the relationship between the warfarin free 
fraction ratio (with ibuprofenlcontrol) and the ibuprofen concentra- 
tion. 


significant potentiation of anticoagulant effect should be 
apparent. However, a doubling of the dose will cause an 
appreciable displacement of warfarin and may be expected 
to produce a measurable potentiation of anticoagulant 
effect. 
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where R is the concentration of USP methotrexate reference solution in 
milligrams per 100 ml, W,, is the average weight of one tablet in milli- 
grams, and W is the weight of an aliquot of the tablet triturate taken for 
assay. 


Table I1 summarizes the values of various samples obtained by 
Methods 1 and 2 and the cellulose column method. All three methods 
gave essentially similar values with light-degraded methotrexate samples 
and less than 70% heat-degraded methotrexate samples. Therefore, 
considering the relative quickness of the assay procedure by Method 1 
(less than 15 min), this method is recommended for routine assays of 
methotrexate in commercial products. Method 2 is more important in 
studying the kinetics of methotrexate and for quantitating its degradation 
products. Also, it is essential to use Method 2 in methotrexate samples 
that are more than 70% heat degraded. 


The sensitivity of Method 1 was determined using a 100-pl sample size 
to detect a concentration of 0.25 pg of methotrexate/rnl of solution. An 
aqueous solution containing 1 pg of methotrexate/ml of solution, when 
analyzed by Method 1, gave a recovery of 93.1 f 4.7% of methotrexate 
(average of three runs). Thus, Method 1 could be potentially useful in 
quantitating to a level of 1 pg of methotrexate/ml in biological fluids. 


The tablet excipient dye did not interfere with the assay, as seen by 
the close agreement between the values obtained by Methods 1 and 2 and 
the cellulose column method. In the latter method, the dye could be seen 
as a yellow band remaining at the top of the cellulose column. The benzyl 
alcohol preservative present in the injectables is nonionic and eluted 
almost with the solvent front. Other preservatives such as methylparaben 
and propylparaben eluted immediately following the solvent front and 
did not interfere with the assay of intact methotrexate. 


In all of the described assays, the amount of intact methotrexate in the 
unknown is calculated as a percentage of the reference solution. The 
explicit quantities are then calculated from the known concentration of 
methotrexate USP in the reference solution. However, methotrexate USP 
has been reported (2) to be only 85-90% pure. Therefore, explicit quan- 
tities in the assays, which are calculated by assuming methotrexate USP 
as 100% pure, must be interpreted accordingly. However, in the deter- 
mination of relative amounts in various preparations or in the determi- 
nation of percentage degradation, this consideration is obviated. 
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Vehicle Effects on Ocular Drug Bioavailability 11: 
Evaluation of Pilocarpine 


JAMES W. SIEG and JOSEPH R. ROBINSONx 


~ ____ 


Abstract The influence of vehicle composition on ocular penetration 
of pilocarpine was studied in the albino rabbit. Increasing the pH of a 
vehicle promoted increased corneal penetration for pilocarpine, in ac- 
cordance with the pH-partition hypothesis, but a similar series of ex- 
periments with a nonionizable drug, glycerin, gave similar results. The 
extent of pH-induced lacrimation by the vehicle and its effect on pre- 
corneal drug concentration also was determined. Increased pilocarpine 
absorption at  neutral to slightly alkaline pH was due primarily to its 
peculiar solubility characteristics coupled with less irritation and lacri- 
mation rather than a direct pH effect on the molecule. Incorporation of 
pilocarpine into a petrolatum-based ointment vehicle resulted in in- 
creased aqueous humor pilocarpine levels above those provided by an 
equivalent dose of aqueous solution. The mechanism of this increase was 
determined to be a higher effective concentration of pilocarpine in the 
ointment vehicle coupled with an increase in contact time of the dose. 
The ointment system also exerted an unusual form of vehicle control in 
that it promoted the corneal penetration of pilocarpine while impeding 
uniform mixing of the dose with tears and thereby imposed a restriction 
on the amount of pilocarpine available to the ocular tissues. 


Keyphrases Pilocarpine-effect of vehicle composition and pH on 
ocular bioavailability, rabbits 0 Vehicles-effect of composition and pH 
on ocular bioavailability of pilocarpine, rabbits Bioavailability, ocu- 
lar-pilocarpine, effect of vehicle composition and pH, rabbits Ocular 
bioavailability-pilocarpine, effect of vehicle composition and pH, rabbits 


Ophthalmic cholinergic agents-pilocarpine, effect of vehicle com- 
position and pH on ocular bioavailability, rabbits 


The first report in this series dealt with vehicle influence 
on the ocular bioavailability of the relatively water-insol- 
uble steroid fluorometholone (1). In that study, mecha- 


nisms of vehicle effects on ocular bioavailability were based 
on the interplay of the steroid and vehicle properties with 
the physiological and physicochemical nature of the drug 
administration site, ie., the precorneal portion of the eye. 
The present study extended this work to include the im- 
portant water-soluble antiglaucoma drug pilocarpine. 
Thus, this examination of a water-soluble drug, along with 
earlier work on the relatively water-insoluble steroid, 
provides considerable perspective on factors that should 
be considered when formulating an ophthalmic drug for 
topical delivery to the eye to obtain maximum drug ben- 
efit. 


BACKGROUND 


During the past 30 years, numerous vehicles have been screened for 
various drugs to improve the overall intraocular penetration of topically 
applied drugs. Because of an inadequate understanding of the interplay 
between drug-vehicle-precorneal area properties, the primary thrust 
of much research has been directed toward prolonging the presence of 
the instilled dose in the precorneal area, usually referred to as increasing 
the contact time. Most often, these formulations rely mainly upon the 
viscosity character of the vehicle and its subsequent rheological effect 
on drainage loss of the dose via the nasolacrimal duct. Thus, most topi- 
cally applied ocular vehicles have included viscous polymers such as 
hydroxypropylcellulose (2-4), methylcellulose (5-12), and polyvinyl al- 


Detailed studies of the drainage loss rate of these vehicles also have 
been performed (3,5,13,16,17) to permit selection of vehicles exhibiting 


cohol (2-4,6-8,13-15). 
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the best retention characteristics. In addition, the chemical nature of the 
vehicle, such as buffer composition and pH (18-22), has been modified 
in hopes of presenting the most favorable form of the drug to the eye for 
optimum corneal uptake and permeation. 


While most studies provided some qualitative and semiquantitative 
information concerning corneal drug penetration, the primary drawback 
has been a consistent lack of correlation between the physicochemical 
characteristics of the drug and the properties of the chosen vehicle. The 
contact time of the vehicle is all too often assigned primary importance, 
whereas release of the drug from the vehicle and its subsequent corneal 
permeation mechanism are rarely considered. 


For an ophthalmic dosing system to provide optimum ocular drug 
penetration, a balance must be achieved between the requirements of 
both the drug and the vehicle, given the constraints of the corneal pocket. 
The only suitable means to attain this goal is to determine the mecha- 
nism(s) of vehicle effects and to relate them quantitatively to the 
mechanism of ocular penetration of the drug. The effect of vehicles on 
the transcorneal permeation of pilocarpine was examined in this study, 
and a mechanistic interpretat.ion of the interactions among the drug, the 
vehicle, ocular fluids, and transport dynamics is given. 


EXPERIMENTAL 


Materials-Tritiated pilocarpine alkaloid (specific activity of 4.1 
Ci/mmole) in ethanol and 14C-glycerin (specific activity of 10 mCi/mmole) 
in sterile aqueous solution were obtained commercially1. The pilocarpine 
was purified by vacuum distillation immediately prior to each series of 
experiments to prevent errors due to tritium exchange (23). The ointment 
vehicle was a commercially available, sterile, petrolatum-based product2. 
All other chemicals were either reagent or analytical grade and were used 
as received. 


Male albino rabbit$, 1.62.4 kg, were fed a regular diet with no re- 
strictions on the amounts of food or water consumed. 


Pilocarpine and Glycerin Solutions-The pilocarpine solutions were 
prepared fresh before each experiment by adding a solution of M 
pilocarpine alkaloid in the desired buffer to the purified labeled material. 
It was determined that 0.25 mCi of tritiated pilocarpine alkaloid/ml of 
final solution was sufficient to ensure good counting efficiency, i.e., 
150,000-175,000 counts/min/pl. The glycerin solutions were prepared 
by adding an aqueous aliquot of the isotopic species to a 0.14 M solution 
of glycerin in the appropriate buffer. The final solution had an activity 
of 20,000 counts/min/pl. 


The small amount of labeled material added to the drug solutions did 
not alter the molarity of the final solutions. Unless otherwise specified, 
all solutions were isoosmotic with 0.9% sodium chloride. 


Pilocarpine Ointment-A small quantity of distilled water, i.e., 0.05 
ml/g of ointment, containing 2.08 mg of pilocarpine alkaloid/0.05 ml of 
solution was added to a sufficient amount of the purified tritiated ma- 
terial so that the final activity was 0.25 mCi/g of ointment. This solution 
then was mixed carefully with the ointment vehicle, yielding a 10W M 
pilocarpine ointment containing 5% water. Final counts in the ointment 
were 160,000 counts/min/mg. 


For the experiment in which the percent water was increased, the 
ointment was prepared by simply adding more water in the first step. 
Homogeneity of the final product was verified by the reproducibility of 
measured radioactivity among weighed samples of ointment. Ointments 
were prepared fresh prior to each experimental run. 


Removal of Corneal Epithelium-Two drops of 0.5% tetracaine 
hydrochloride solution were instilled into the eyes of the animals, and 
the epithelial layer was removed in toto by scraping with a scalpel. The 
eye was then blotted with moist tissue to remove any loose epithelium 
fragments from the precorneal area. Dosing was initiated after 1 hr to 
allow the effect of the local anesthetic to diminish. 


Aqueous Humor Drug Concentration-Time Profiles-Pilocarpine 
and Glycerin Solutions-The basic experimental techniqces used for 
monitoring aqueous humor drug levels after topical dosing with solutions 
in both intact and abraded eyes were described previously (1, 24). Un- 
anesthetized animals were used, and a standard 25-pl dose was instilled 
in all experiments. Standard liquid scintillation counting techniques were 
used for analysis of the aqueous humor samples. 


Pilocarpine Ointment-Individual doses of ointment were weighed 
on an analytical balance. The weighed dose was transferred carefully to 


New England Nuclear, Boston, Mass, and ICN, Isotope and Nuclear Division, 


Lacri-Lube, Allergan Pharmaceuticals, Irvine, Calif. 
Cleveland, Ohio. 


3 Klubertanz, Edgerton, Wis. 
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Figure 1-Aqueous humor drug concentration-time profiles after 
topical dosing with M pilocarpine solutions. Key: 0, pH 5.0; 0,  
pH 6.24; A, pH 7.0; and A, pH 8.0. All points represent an average of 
at least six eyes, and error bars represent the standard error of the mean. 
Where no error bar is indicated, the standard error of the mean is 
smaller than the size of the symbol used. 


a microspatula and then placed inside the center of the lower cul-de-sac, 
with care being taken not to irritate the eye or to touch the corneal sur- 
face. The lower lid was gently moved across the cornea to spread the dose 
evenly and was then released. No further mechanical action was per- 
formed, and the remainder of the run was carried out using the technique 
previously mentioned. 


Measurement of Glycerin Concentration in Tears versus Time 
as a Function of Instilled Solution pH-Unanesthetized rabbits were 
placed into wooden restraining boxes in a normal upright postere. Iso- 
tonic 0.14 M l4C-glycerin solutions were prepared using Sorenserts buffer 
a t  pH 5 and 8, and 25-p1 doses were topically instilled as in the aqueous 
humor studies. Tear samples were removed at 0, 1, 2, 3 ,4 ,  and 5 min 
postinstillation using 1-11] disposable capillary pipets4. The zero-time 
sample was removed from the eye within 10 sec after the dose was in- 
stilled. Eyes were used only once, and both buffers were used for each 
animal. Left and right eyes were alternated for the two buffers, and ex- 
treme care was exercised not to irritate the eye during sample remov- 
al. 


Only the tip of the capillary tube was placed into the tear pool in con- 
tact with the cornea along the lid margin, and the filled pipets were 
transferred to sample vials for liquid scintillation counting. The raw 
counts per minute data were converted to a microgram per microliter 
basis using a standard 1-111 sample withdrawn from the solution prior to 
dosing. Errors due to the loss of volume and drug from sample removal 
were neglected on the basis of the small sample size and number and the 
relatively greater volume of the precorneal pool during the sampling in- 
terval. 


RESULTS 


Effect of Vehicle pH on Aqueous Humor Pilocarpine Levels- 
Previous studies with pilocarpine suggested that raising the dosing so- 
lution pH enhances its corneal penetration (25). Although such increases 
were reported (18-22), the data have not been sufficient to allow a precise 
mechanistic interpretation. The current studies were performed to 
provide a more complete analysis of this effect. 


The aqueous humor concentration versus time profiles for pilocarpine 
at four vehicle pH values, using isotonic Sorensen's phosphate buffer, 
are presented in Fig. 1. As the pH was raised from 5 to 8, there was a two- 
to threefold increase in the amount of pilocarpine reaching the anterior 
chamber. The peak aqueous humor drug concentration occurred at 20 
min after dosing, and subsequent drug elimination from the aqueous 
humor followed first-order kinetics with an associated rate constant of 
0.017-0.024 min-I. 


Since the peak time in the aqueous humor did not appear to change 
for the four initial pH experiments, additional pH data were obtained 
at 20 min postinstillation using other buffer combinations. In this way, 
a broad range of pH values WBS examined to estimate the overall pH in- 
fluence. Data a t  pH 4 and 5 were obtained using a phthalate buffer; data 
at pH 9,10, and 11 were obtained with the Atkins-Pantin buffer. 


Both buffers were moderately hypertonic. However, as a precaution 
against tonicity effects, an overlapping pH experiment was performed 


4 Drummond Microcap, Scientific Glass Apparatus Co., Bloomfield, N.J. 
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Figure 2-Znfluence of vehicle pH on the aqueous humor concentration 
of pilocarpine and glycerin. Key: 0 , l O - Z  M pilocarpine solutions; and 
A, 0.14 M glycerin solutions. All samples were obtained a t  20 min 
postinstillation and represent a minimum of six eyes. 


in both the acidic and alkaline regions. For example, both the Sorensen 
phosphate buffer and the phthalate buffer were used for pH 5, and the 
Sorensen and Atkins-Pantin buffers were used at  pH 8. Since no dif- 
ferences in aqueous humor drug levels were detectable for the buffer pairs, 
tonicity effects were assumed negligible for the pH range studied. Further 
support for this assumption comes from the results of corneal perfusion 
studies (26) in which the epithelial permeability did not change over the 
tonicity range of 0.9-1094 sodium chloride. 


The results obtained at  20 min postinstillation for all pH values are 
summarized in Fig. 2. The extent of corneal penetration by pilocarpine 
gradually increased as the vehicle pH was raised. The exception to this 
behavior occurred at pH 11. However, excessive lacrimation and red- 
dening of the eyes were evident a t  both extremes of the pH range. Maurice 
(26) also found ocular damage outside the range of pH 4-10 (indicated 
as vertical dotted lines in Fig. 2), and this finding appears to be consistent 
with the visual appearance of ocular irritation in the present studies. 


Effect of Vehicle pH> on Aqueous Humor Glycerin Levels- 
Glycerin is a nonionizable drug. According to the pH-partition hypoth- 
esis, the direct influence of pH on the extent of absorption of such a 
molecule should be negligible. An examination of the effect of vehicle pH 
on the corneal penetration of glycerin would make possible a separation 
of the direct and indirect effects of pH on an ionizable molecule such as 
pilocarpine. 


The results of the glycerin experiments are shown in Fig. 2. All values 
were obtained at 20 min after dosing. The effect of pH on glycerin pen- 
etration was nearly identical to that observed for pilocarpine. Increasing 
the vehicle pH from 5 to 8 produced a twofold increase in the amount of 
glycerin penetrating to the anterior chamber. Also, as in the pilocarpine 
experiments, lowering the pH to 4 caused obvious irritation to the eye 
and a corresponding decrease in aqueous humor drug levels. The impli- 
cations of this behavior relative to the mechanism of the pH effect ob- 
served with pilocarpine will be discussed subsequently. 


Effect of Vehicle pH on Lacrimation and Precorneal Glycerin 
Concentration-The precorneal dynamics of a topically instilled dose 
of pilocarpine were extensively discussed previously (27-29). Drainage 
of the dose via the nasolacrimal duct removes only an amount of drug 
from the precorneal pocket and has no direct effect upon the drug con- 
centration. The precorneal drug concentration can only be reduced by 
the loss of drug without an attendant loss of solution volume or by ad- 
dition of tears to the precorneal pool uia the lacrimal apparatus. Ac- 
cordingly, the instilled drug concentration is decreased by initial mixing 
of the dose with the normal resident precorneal tear volume, by drug loss 
uia absorption into the ocular tissues or systemic circulation, and by 
dose-induced lacrimation as well as normal tear turnover. 


The data presented in Fig. 3 show the effect of vehicle pH on the pre- 
corneal concentration of glycerin as a function of time. The pH 5 solution 
induced a greater degree of lacrimation than the pH 8 solution. The 
first-order decline of precorneal glycerin concentration was twice as fast 
for the acidic solution, being 0.87 min-l for pH 5 and 0.40 min-l for pH 
8. Of course, concentration changes can also arise due to drug absorption 
into ocular tissues, but this influence was presumed to be small since only 
a small percentage of the total dose was absorbed. Thus, lacrimation is 
the predominant factor responsible for the fall in precorneal drug con- 
centration. 


Table 1 presents the percent reduction of precorneal glycerin concen- 
tration uersus time for the two pH values. The fall in tear concentration 
was markedly accelerated with the acidic solution. The percent reduction 


iq 0.2 


MINUTES AFTER INSTILLATION 


Figure 3-Recorneal concentration of glycerin in tears versus time as 
a function of uehicle pH. Key: 0,  pH 8.0; and A, p H  5.0. All points 
represent a minimum of six determinations. 


for the zero-time samples, taken within 10 sec after instillation, was 20% 
for both pH values. This value corresponds very well to the calculated 
23% reduction in initial concentration when the 25-pl dose is mixed with 
the 7.5-~1 resident tear volume. Therefore, aqueous solutions with 
viscosities similar to water equilibrate very rapidly with tears in the 
precorneal area. 


Another important observation of the lacrimation study is that the fall 
in precorneal glycerin levels for the pH 8 solution could be accelerated 
to a rate as great or greater than the pH 5 solution by simply irritating 
the eye with the capillary tube during sample removal. A precipitous fall 
in precorneal concentration could be suddenly induced at any time after 
dosing as a result of reflux tearing in response to the mechanical stimu- 
lus. 


Mishima et al. (30) showed that tear flow can increase suddenly due 
to a variety of factors, and even very subtle stimuli produce a dramatically 
increased tear turnover rate in a matter of seconds. In studies with hu- 
mans, it was noted that the turnover rate could increase by a factor of 8-10 
without being noticed by the subject; such variations in turnover did not 
cause an overflow of tears from the cul-de-sac. 


M 
Ointment-Intact versus Abraded Eyes-The results obtained after 
instilling 25-mg doses of pilocarpine ointment into intact and abraded 
eyes are shown in Fig. 4. In the intact eye, pilocarpine reached a peak 
concentration in the aqueous humor in 20 min. This peak time corre- 
sponded to that obtained for an equivalent dose of solution in intact eyes, 
but the peak concentration obtained with the ointment was approxi- 
mately three to four times higher than that with the solution. When the 
same ointment was applied to abraded eyes, the drug reached peak levels 
in the anterior chamber within 5 min, consistent with the abraded solu- 
tion data. 


However, in contrast to results with intact eyes, the aqueous humor 
drug levels in an abraded eye with the ointment were substantially less 
than the abraded eye solution data. In fact, with the exception of the shift 
in peak time, the amount of pilocarpine penetrating to the aqueous humor 
from the ointment was nearly the same for both intact and abraded eyes. 
This behavior is markedly different from that seen with the solution. 
Elimination of the drug from the anterior chamber remained unchanged 
in each case, with an attendant first-order rate constant of approximately 
0.02 min-1. 


Aqueous Humor Levels of Pilocarpine after Dosing with 


Table I-Percent Reduction of Precorneal Glycerin 
Concentration versus Time as a Function of Instilled Solution 
PH 


Minutes after Instillation 
DH 0 1 2 3 4 5 


5 20 59 85 94 98 99 
8 20 35 66 76 84 87 
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Figure 4-Aqueous humor levels of pilocarpine after dosing with 
M ointment and solution in intact and abraded eyes. Key: .,25 mg of 
ointment, intact eyes; 0 , 2 5  mg of ointment, abraded eyes; 8 , 2 5  pl  of 
solution, intact eyes; and 0,25 p1 of solution, abraded eyes. All points 
represent an auerage of eighi: to 16 eyes. 


Variation of Dose-Since incorporation of pilocarpine into a viscous 
oleaginous vehicle may increase the contact time of a dose with the pre- 
corneal area, the effect of increasing the dose was investigated. In this 
way, it was anticipated that any beneficial effects associated with in- 
creased contact time could be magnified. 


Figure 5 presents the data obtained with various doses of ointment. 
The amount of pilocarpine reaching the anterior chamber increased as 
the dose was increased. In addition, the peak time shifted to later times 
for the larger doses, occurring at  20 min for the 25-mg dose and at  30 min 
for the 50-mg dose. No definitive statement regarding the peak time for 
the 10-mg dose can be made since the 10- and 20-min points were not 
statistically different. The areas under the curve for the 25- and 50-mg 
studies were consistent with the doses, showing a twofold increase for the 
higher dose. The 10-mg dose also was reasonably consistent with the area, 
being one-half that of the 25-mg dose. The first-order rate constants for 
elimination for all cases were 0.017-0.022 mi&. 


Variation of Percent Water-To determine if the amount of water 
incorporated into the ointment had any effect on the availability of pi- 
locarpine from the vehicle, an ointment was prepared using 10% water 
rather than 5%. There was no statistically significant difference between 
the profiles for 5 and 10% water (Fig. 4). Higher percentages of water were 
attempted, but serious problems with bleeding of the water from the 
oleaginous vehicle occurred and a satisfactory ointment could not be 
prepared. 


DISCUSSION 


Effect of Vehicle pH on Corneal Penetration of Pilocarpine-The 
vehicle pH has long been considered to be an important parameter for 
the passive diffusion of ionizable compounds into and through the cornea 
(31). The pH-partition hypothesis predicts that maximum penetration 
will occur when an alkaloidal drug is presented to a membrane as the 
uncharged free base. This form is generally more lipid soluble than the 
ionized species and will readily penetrate a lipophilic tissue such as the 
corneal epithelium. Since the epithelium is the primary barrier to corneal 
drug uptake, such compounds should show marked increases in corneal 
penetration as the vehicle pH is raised, reaching a maximum at  pH’s 
above values corresponding to their pK’s. 


The pK1 for pilocarpine is 7.15, and previous studies (18-22) indicated 
that corneal penetration does increase as the pH of the dosing solution 
is increased. For example, Ramer and Gasset (18) observed an approxi- 
mate doubling of corneal penetration when the vehicle pH was raised 
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Figure 5-Aqueous humor levels of pilocarpine after topical dosing with 
10-2 M ointment in intact eyes. Key: .,25 mg of ointment, 5% water; 
0,s mg of ointment, 10% water; A, 10 mg of ointment, 5% water; and 
A, 50 mg of ointment, 5% water. 


from 5 to 8 and attributed this increase to a predominance of the free base 
form at  the higher pH. However, while such results are certainly consis- 
tent with the pH-related event, they are not conclusive. 


The results of the current studies (Fig. 2) also show a two- to threefold 
increase in corneal penetration between pH 5 and 8, as well as the ex- 
pected sigmoidal shape, but an important aspect of pilocarpine’s physical 
character must be considered before a mechanistic judgment is made. 
Pilocarpine is somewhat unique in the sense that the free base form of . 
the drug is more soluble in water than are any of the salts. Pilocarpine 
is freely soluble in water, whereas the solubilities of the hydrochloride 
and the nitrate are 1 glO.3 ml and 1 g14 ml, respectively (32). The pref- 
erential aqueous solubility of the free alkaloid is responsible for the di- 
minished absorption sensitivity of pilocarpine to changes in vehicle pH. 
However, the true impact of this solubility effect only becomes apparent 
when the results of the glycerin study (Fig. 2) are considered. 


Glycerin is a nonionizable compound that should not derive any direct 
benefit from pH manipulation for its corneal penetration. Nevertheless, 
the results of the glycerin study show that a twofold increase is also ap- 
parent when the pH is varied between 5 and 8. Such behavior strongly 
suggests that some mechanism other than a direct pH effect on the drug 
molecule is operating to produce this increase and that this same mech- 
anism must also be responsible for the increase observed for pilocarpine. 
The existence of another mechanism is also implied by the data for pi- 
locarpine since t,he inflection point for the pilocarpine data in Fig. 2, 
corresponding to the pK1 for pilocarpine, occurs nearly 1 full pH unit 
lower than expected. 


The results obtained from the lacrimation study (Fig. 3 and Table I) 
show that pH-induced lacrimation is responsible. The magnitude of the 
difference in aqueous humor levels at pH 5 and 8 corresponds to the ob- 
served changes in precorneal glycerin concentration for the two solutions. 
The greater amount of drug reaching the anterior chamber when the pH 
8 vehicle is used is simply the result of a smaller pH-induced lacrimation 
response in the precorneal area. These results are consistent with previous 
work that indicated that the eye is better able to tolerate a basic pH than 
an acidic pH (33). 


The data in Fig. 2 for the pH 11 solution provide further support for 
pH-induced lacrimation. As the pH of the vehicle became sufficiently 
alkaline to irritate the eye, the level of pilocarpine in the anterior chamber 
fell to a value similar to the pH 5 solution. During these experiments, both 
the pH 5 and 11 solutions caused eye irritation and copious lacrimation, 
as indicated by an abnormally high blink rate and eye wetness after in- 
stillation of the dose. 


The curves presented in Fig. 1 also are remarkably similar to previous 
data when the pilocarpine dose was rinsed away from the precorneal area 
with saline at various times after instillation (24). This rinsing process, 
which essentially accelerates the drainage process to a maximum and 
thereby represents the upper limit of lacrimation, creates an identical 
variation in the magnitude of the levels of pilocarpine in the anterior 
chamber. An extensive discussion of the effects of normal and accelerated 
loss of drug from the precorneal area was presented previously (24, 
34). 


The current results indicate that the highest pH influence on corneal 
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penetration will be observed for a drug with a pKa greater than 6 or 7, 
since above neutrality the extent of pH-induced lacrimation, which op- 
poses a direct pH effect on the drug molecule, is diminished. However, 
while this should be the case with pilocarpine since its pK1 is 7.15, it does 
not occur because of the preferential aqueous solubility of this molecule 
throughout the pH spectrum. 


A major point of concern in any discussion of vehicle pH in the eye is 
how fast the eye is able to return to a normal physiological pH. Although 
the precise buffer capacity of the ocular fluids has not been determined, 
a few general considerations support the contention that an instilled 
buffer is not readily altered by the eye. Since the normal resident tear 
volume in the rabbit is about 7.5 pl(30), instillation of 25 g1 of a moder- 
ately strong buffer would be expected to overwhelm momentarily the 
ocular fluids and to establish the buffer pH in the eye. Although tear 
turnover in the rabbit occurs at  the rate of 0.66 gl/min, it does not become 
significant until drainage has removed the bulk of instilled solution uia 
the nasolacrimal duct (27). However, by the time the drainage process 
is completed, permeation of drug into the cornea is also nearly a t  an end 
(24), so the instilled solution pH can be expected to remain constant for 
at  least as long as the majority of the absorption process. Therefore, the 
possibility of an altered solution pH after instillation can be neglected. 
Further support for this approach comes from recent work in which the 
precorneal pH remained equal to the buffer pH for a considerable time 
after dosing5. 


The effect of pH on the corneal penetration of pilocarpine is sub- 
stantially different than previously believed. While pH partitioning or 
some other mechanism (35) may contribute to some small extent, the 
primary overriding influence is pH-induced lacrimation. Thus, the ob- 
served effect of pH is, in reality, largely an indirect one, influencing both 
ionizable and nonionizable drugs to a similar extent and by similar means. 
The magnitude of this effect must be considered when evaluating the 
effect of vehicle pH on the ocular penetration of any drug from an instilled 
solution. 


Effect of Vehicle on Corneal Penetration of Pilocarpine-One 
primary disadvantage of a topically applied ophthalmic solution is the 
rapid drainage loss that occurs in the precorneal area. Attempts to in- 
crease the corneal drug penetration often begin by increasing the viscosity 
of the vehicle to delay this loss. Previous work with pilocarpine showed 
that viscous polymer solutions (5,9,13) are only moderately successful 
in enhancing its corneal penetration. The intent of the present series of 
experiments was to formulate an explanation for these observations 
within the context of the mechanism of pilocarpine’s transcorneal per- 
meation as detailed previously (24). 


The data in Fig. 4 show that the ointment vehicle used in the present 
study was superior to an aqueous solution. Equivalent doses of each ve- 
hicle, containing the same amount of pilocarpine, were delivered into 
intact eyes, and the ointment gave three to four times higher aqueous 
humor drug levels. Before a precise discussion of this observed effect, it 
will be beneficial to consider some important general aspects of the cor- 
neal penetration of a drug from its vehicle. 


Figure 6 depicts some theoretical profiles of corneal drug penetration 
as a function of time. This figure illustrates two primary absorption pa- 
rameters associated with transcorneal dynamics: increased concentration 
of the dosing system and extended contact time of the instilled dose. 


In Fig. 6, profiles A, B, and C represent successively higher concen- 
trations of a drug in a given vehicle (e.g., a solution). As the concentration 
is increased, the amount of drug reaching the aqueous humor increases 
also so that higher levels are evident throughout the profile. However, 
the peak time does not change since the absorption mechanism remains 
unchanged. 


Profiles D and E illustrate the case in which the contact time of the dose 
is extended (e.g., the use of a viscous polymer solution rather than a 
simple aqueous solution). Increasing the contact time allows for an ex- 
tension of the time permitted for the absorption process. As a result, the 
aqueous humor levels continue to increase beyond those obtained for the 
simple solution, the peak time is shifted to a later time, and the magnitude 
of the peak shift is determined hy the degree to which drainage loss is 
delayed. The most important aspect of this case is that the early portion 
of the profile remains essentially unchanged; that  is, increasing the 
contact time simply extends the profile obtained for the original dosing 
solution. 


The reason for this behavior is that  the peak time obtained for a topi- 
cally applied drug solution is determined by the rapid parallel first-order 
drainage process occurring in the precorneal area (34). Rapid loss of drug 


N. Keller, Aha Research Corp., Palo Alto, Calif., personal communication. 


1226 /Journal of  Pharmaceutical Sciences 


\ 
\ E 


TIME AFTER INSTILLATION 


Figure 6-Graphical representation of aqueous humor drug concen- 
tration, showing the influence of increasing concentration and extended 
contact time of the  dosing system. Key: curves A, B, and C, effect of in- 
creasing concentration; and curves A ,  D, and E,  effect of extended 
contact time. 


from the absorption depot creates an artificial peak in ocular tissues and 
results in subsequent overestimation of the absorption rate constant. 
Thus, any process that prolongs the presence of the drug at  the absorption 
site extends the absorption process and shifts the apparent peak time 
to the right. The limit of this effect is, of course, the true peak time of the 
drug, beyond which a plateau is observed and only the times at  which 
elimination of drug from the aqueous humor parallels those of a simple 
solution are shifted. This effect can be readily recognized in recent work 
with pilocarpine where the drainage ducts of rabbits were plugged prior 
t o  dosing with a solution (29). 


In light of this discussion, it is easy to recognize why past attempts to 
increase the corneal penetration of pilocarpine through the use of viscous 
solutions met with only limited success. The maximum benefit that  can 
be derived from such endeavors is the provision of more pilocarpine to 
the anterior chamber a t  later times after dosing. However, even this as- 
pect has realized only limited potential, even in the extreme case where 
the drainage apparatus has been totally blocked (29). Increasing the 
aqueous humor pilocarpine levels at early times above those provided 
by a simple aqueous solution can only be achieved by increasing the 
concentration of the instilled solution or by altering the absorption 
mechanism. 


I t  can now be recognized from the data in Fig. 4 that the ointment ve- 
hicle exhibits characteristics similar to those obtained when the applied 
pilocarpine concentration is increased. The peak time in the aqueous 
humor is the same as for the solution. Also, the pilocarpine level in the 
anterior chamber is raised, but the elimination rate is unchanged. This 
behavior is characteristic of a “pulsed-dose” mechanism (36), in which 
the cornea is simply presented with a greater amount of drug for a brief 
time, rather than any type of sustaining mechanism. 


What must now be considered is the question of how a dose of ointment 
containing the same total amount of pilocarpine as an equivalent dose 
of solution could behave as though a higher drug concentration was being 
applied to the eye. The explanation lies in the physical composition of 
the ointment. 


When pilocarpine is placed into an oleaginous vehicle, it is introduced 
into a medium unfavorable to its solubility. In the current studies, the 
alkaloid did not possess sufficient, oil solubility to prepare a true solution 
of the drug in the ointment vehicle alone. To demonstrate this point, a 
25-ml sample of M tritiated pilocarpine alkaloid solution was shaken 
with an equal volume of light liquid petrolatum, and the two phases were 
analyzed by liquid scintillation techniques for pilocarpine content. The 
results showed that the water-oil ratio of pilocarpine was approximately 
1500:l. 


T o  achieve solution of the alkaloid, it was decided to dissolve the drug 
in a minimum amount of water (5%) and to incorporate it into the hy- 
drophilic vehicle. The pilocarpine would be expected to  remain in the 
water when mixed with the vehicle. Therefore, the ointment consisted 
of two phases: the bulk oleaginous phase containing little or no pilocarpine 
and the aqueous phase containing essentially all of the drug. A 25-mg dose 
of ointment would have all of its pilocarpine dissolved in only 1.25 pl of 







water, in contrast to the same amount of pilocarpine dissolved in a 25-pl 
dose of solution. As a result, the effective concentration of pilocarpine 
in the ointment was 20 times more than the solution. For this reason, the 
ointment behaved as though a higher concentration of drug was applied 
to the eye and gave corresponding increases in the aqueous humor drug 
levels a t  all times in the profile. 


It might also be expected that the 20-fold difference in effective con- 
centration should have produced even higher levels of pilocarpine than 
were actually observed, since previously corneal penetration of pilocar- 
pine was linear over a wide concentration range (23). However, the results 
can be easily rationalized on the basis of the mixing problems existing 
between the oleaginous ointment and the aqueous tears. 


To test the effective concentration mechanism, a 10% water vehicle 
was prepared and applied to intact eyes. However, the results were in- 
conclusive. Although doubling the water content reduced the effective 
concentration by 50%, the amount of water in the ointment film in contact 
with the cornea was doubled; the differences were apparently offsetting 
at such a low percentage of water. Unfortunately, higher percentages of 
water could not be satisfactorily tested to prove the proposed mecha- 
nism. 


Another important aspect of the ointment system can be seen by re- 
ferring to Fig. 5. While the 25-mg dose apparently obeyed an increased 
concentration type of mechanism, the overall behavior when the dose was 
varied between 10 and 50 mg was somewhat different. The peak time 
shifted to a later time, and there were increased levels of pilocarpine at  
all times throughout the profile. Therefore, the ointment vehicle also 
extended the contact time of the dose. This effect becomes recognizable 
as the dose is increased, and the greater volume of the larger doses un- 
doubtedly plays a role in prolonging the contact time. 


The overall behavior of the ointment can be discussed in relation to 
three hypothetical mechanisms: ( a )  the ointment system is well behaved 
and exhibits classical vehicle control characteristics, ( b )  the ointment 
forms an occlusive nonrenewable film over the corneal surface, and ( c )  
the ointment exhibits surface mixing only, and drug within the bulk is 
unavailable to the ocular fluids. 


Each alternative can now be discussed in terms of supportive and 
nonsupportive data from the present experiments. 


Figure 4 depicts a rather interesting result in that the ointment pro- 
duced similar aqueous humor levels in both intact and abraded eyes. The 
area under the curve ( A U C )  was the same for each case, so it must be 
concluded that this AUC represents some limiting amount of pilocarpine 
available from the ointment vehicle. 


It might be tempting to attribute this behavior to vehicle control in 
the ointment system. This is not possible, however in a classical sense, 
since the peak time is essentially unchanged from that obtained when 
using a solution and the aqueous humor levels are increased at  times 
immediately following dosing rather than decreased. Therefore, the 
ointment mechanism is not true vehicle control in the sense of delayed 
release or partitioning of drug from the vehicle. 


The behavior of the pilocarpine ointment is in direct contrast to results 
from a similarly conducted study with the steroid fluorometholone (1). 
In that study, the steroid in the same oleaginous vehicle exhibited true 
classical vehicle control. Aqueous humor drug levels were decreased for 
the first 60 min, and the peak time was not achieved until 3 hr after 
dosing, as compared to 30 min for a suspension or a solution. In addition, 
increasing the dose of fluorometholone ointment from 25 to 50 mg did 
not increase aqueous humor drug levels, which further demonstrates the 
effect of vehicle control. A comparison of the results from the two studies 
can be made by referring to Fig. 7. The behavior of the steroid was not 
unexpected, since the relatively water-insoluble steroid had preference 
for its oleaginous vehicle; in the present study, the solubility character 
of pilocarpine makes its solubilization or retention in the vehicle ther- 
modynamically unfavorable. 


The results of the steroid study also prove that the ointment vehicle 
is indeed retained in the eye for a considerable time, since aqueous humor 
steroid levels were maintained for up to 7 hr after dosing as compared 
with 2 hr for a solution. This evidence, coupled with the previously de- 
scribed similar behavior of pilocarpine ointment in both intact and ab- 
raded eyes, gives strong support to mechanism (b) .  In this case, a stagnant 
ointment film is postulated to exist a t  the corneal surface. The film is not 
renewed, even under a mechanical influence such as blinking. As a result, 
permeation of pilocarpine into the cornea would stop as soon as pilo- 
carpine is depleted from the water in the film. This mechanism would 
adequately account for the observed similarity with intact and abraded 
eyes; in each case, the film is rapidly depleted of drug and further pene- 
tration is inhibited by the occlusive film. However, this film would not 
present itself as an absolute barrier to the penetration of a drug such as 
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Figure 7-Aqueous humor levels after dosing with pilocarpine and 
fluorometholone in ointment and aqueous solution (1,24). Key: 0, lo-= 
M pilocarpine solution, 25 pl ;  0, M pilocarpine ointment, 25 mg; 
A, saturated fluorometholone solution, 50 p l ;  and A, 0.1 % fluo- 
rometholone ointment, 50 mg. 


fluorometholone, since the steroid's lipid solubility permits slow diffusion 
through the vehicle to replenish the concentration of drug in the film 
adjacent to the corneal surface. 


To determine if this mechanism is reasonable, a calculation was per- 
formed to determine the amount of pilocarpine present in a film of 
ointment covering the corneal surface. By assuming an average corneal 
diameter of 15 mm (37), it can be easily shown that a layer of ointment 
10 pm thick contains 3.3 pg of pilocarpine. From analysis of the AUC for 
the ointment, it can be determined that the amount of drug penetrating 
the cornea to the aqueous humor is 3.2 pg. If 10 pm is accepted as a rea- 
sonable thickness for the film, the amount of drug reaching the aqueous 
humor would be the same as that present in the initial film. This as- 
sumption does not appear to be unreasonable, since the original tear film 
covering the cornea is also about 10 pm thick (38). 


Although these calculations appear to confirm the existence of a 
nonrenewable ointment film at the corneal surface, two major contra- 
dictions reject this mechanism. The first, and most obvious, is the ob- 
servation that larger doses of ointment give increased corneal penetration 
of pilocarpine. It should be clear that a stagnant film at the corneal surface 
would not be influenced by the remainder of the dose in the cul-de-sac. 
If such a mechanism is operative, increasing the size of the dose should 
have no effect. Second, an additional study showed that predosing the 
cornea with drug-free ointment vehicle had no effect upon subsequent 
doses of M pilocarpine ointment or solution. If an occlusive barrier 
is formed by the vehicle, little or no drug penetration would be possible 
under such conditions. However, the observed unimpeded penetration 
of pilocarpine from both dosing systems clearly demonstrates that the 
ointment film per se is not a barrier. 


A t  this point, it is clear that mechanism (c) is the only postulate con- 
sistent with all data. In this mechanism, pilocapine is only available from 
the water present a t  the ointment surface. This amount of drug, fixed by 
the size of the dose, mixes with the tears and creates the precorneal drug 
concentration that is the driving force for corneal drug uptake. This ap- 
proach easily explains why the same amount of drug penetrates both 
intact and abraded eyes. A homogeneous dose of ointment of a given size 
will present the same limited amount of drug, via surface mixing, without 
regard to the condition of the corneal surface. Once this amount has been 
absorbed or lost uia the parallel elimination pathways (34), penetration 
into the cornea ceases, since drug entrapped within the bulk of the 
ointment is unavailable to the ocular fluids which cannot penetrate the 
oleaginous vehicle. Increasing the dose will have a positive effect, since 
the larger surface area allows more drug to mix with the fixed resident 
tear volume. This creates a higher precorneal drug concentration and 
subsequent increased corneal penetration. 


The overall mechanism of the ointment can thus be described as being 
composed of combined influences, wherein an increased effective con- 
centration is operating in conjunction with a limited extension of contact 
time. The ointment exerts a somewhat unusual form of vehicle control 
inasmuch as it impedes uniform mixing of the entrapped pilocarpine with 
the ocular fluids. At the same time, it serves to prolong the contact time, 
particularly with larger doses. The end result is a complex sum of positive 
and negative effects, with the ointment ultimately achieving superiority 
over the solution at  all times after dosing. However, many characteristics 
of the solution are retained by virtue of the water contained within the 
ointment. 


Whenever pilocarpine is presented to the cornea in an immediately 
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available form (i.e., in aqueous solution), i t  will penetrate to the anterior 
chamber. The implication of this behavior is that sustained release of 
pilocarpine to the ocular tissues is only possible if the release of the drug 
from its vehicle is rate limiting. Simply increasing the contact time 
(viscosity) of the vehicle is not sufficient, since this process merely results 
in pulse-dose behavior rather than sustained release. However, the release 
characteristics must also be such that the dosing system can overcome 
the constraints of the precorneal pocket in terms of fluid dynamics and 
nonproductive absorption. 


SUMMARY 


Several important findings emerged from the present study relative 
to behavior of pilocarpine in ocular vehicles and subsequent corneal ab- 
sorption characteristics. The corneal absorption of pilocarpine is in- 
creased in neutral to alkaline solutions as compared to acid solutions, in 
keeping with observations of others. However, the mechanism of this 
improved absorption does not appear due to the specific pH-partition 
behavior usually attributed to this phenomenon but rather to the non- 
specific lacrimation that occurs at acid pH. Thus, all drugs will show an 
improved absorption pattern, irrespective of whether they are ionized 
or not, in the neutral to alkaline range simply because there is less lacri- 
mation in this region and, hence, less drug loss. This observation is im- 
portant; before a claim of significant pH effect can be made with other 
drugs, the baseline of lacrimation effect must be considered. 


Earlier studies established that polymer solutions would provide only 
a moderate improvement in the corneal absorption of pilocarpine at  the 
low levels of viscosity generally used for ocular solutions. An ointment 
system for pilocarpine, based on improved contact time, was also expected 
to show an improved fraction of dose absorbed and a sustaining effect. 
However, when using essentially a lipophilic ointment vehicle, no sus- 
taining effect for pilocarpine was observed and only a moderate im- 
provement in the fraction of dose absorbed across the cornea occurred. 
These observations were contrary to what was observed when the iden- 
tical ointment was employed with the relatively water-insoluble steroid 
fluorometholone. This difference was ascribed to the difference in the 
solubility of the two drugs in the ointment. 


Since pilocarpine was insoluble in the vehicle, it was first dissolved in 
a small amount of water and then incorporated into the ointment to 
generate a dilute water-in-oiI emulsion. This system was unable to provide 
drug uniformly from the ointment, and only that drug in immediate 
contact with the tear film became available to eye tissues. The conclusion 
from the ointment study is that the drug solubility in the ointment dic- 
tates the success or failure of this drug delivery system in terms of im- 
proved bioavailability and sustaining effect. Extension of the pilocarpine 
ointment study suggests that an appropriate ointment vehicle for this 
drug should be water soluble or perhaps an oil-in-water emulsion. 


Although definitive guidelines for the formulation of topical ocular 
drug systems are not complete, we do have considerable quantitative data 
and theories on two drugs with extremes in water solubility, namely, pi- 
locarpine and fluorometholone. Merely placing a drug in a stable favorite 
vehicle is inappropriate for ocular drug delivery systems. One must 
consider the properties of the drug and the vehicle in combination with 
the unusual characteristics of the precorneal pocket to formulate a drug 
delivery system with optimum delivery properties. A comprehensive 
picture of the interplay among drug, dosage form, and site of ocular de- 
livery is emerging. 
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Evaluation of 
Drug Formulations Using LD50 Testing in Mice 


P. R. SHETH x, N. H. SHAH, and W. POOL 


Abstract0 The LDso values were utilized to assess the relative rate of 
absorption of two very poorly soluble drugs. Formulations of these drugs 
were studied by micronization; addition of surfactant, alkaline or buff- 
ering agents, and/or bile salts; coprecipitation; melt or fusion techniques; 
or granulation with hydrophilic agents. Differences in toxicities were 
demonstrated from formulations compared to pure drugs by the LD50 
method. This study shows that the LD50 is a practical, rapid method of 
achieving comparative evaluations of drug formulations. 


Keyphrases 0 Absorption, relative rate-poorly soluble drugs, various 
formulations evaluated using LD50 testing, mice 0 Toxicity-poorly 
soluble drugs, various formulations evaluated using LD50 testing, mice 
0 LD50 testing-relative absorption rate and toxicity of various formu- 
lations of poorly soluble drugs evaluated, mice 


The rate and extent of absorption of a drug are depen- 
dent on its solubility and transfer characteristics in the GI 
tract. Improvement of either the intrinsic solubility or the 
solubility rate of a poorly soluble drug invariably has a 
beneficial effect on GI absorption (1). 


BACKGROUND 


Enhancement of absorption by adjuvants and formulation parameters 
has been the topic of many previous investigations (2-5). In addition, the 
techniques in designing drug delivery systems can affect the absorption 
profile. At the early stages of drug development, the physical and 
chemical factors of the drug and the design of the dosage form should be 
evaluated carefully for enhancement of hioavailability to yield the desired 
pharmacological response. 


The following steps are considered important for a new compound with 
very poor solubility (6): (a) improve the intrinsic solubility and/or solu- 
bility rate by physical or chemical means, (b) develop a drug delivery 
system, (c) design and study methods for the in uitro evaluation of the 
drug delivery system, ( d )  select the most efficient drug delivery system 
in terms of chemical and physical stability and the future manufacturing 
procedure, (e) evaluate the stability of the drug in GI fluid, ( f )  test the 
drug delivery system in uiuo for drug bioavailability, and (g) correlate 
in uitro and in uiuo data. 


Steps a and b are important in the early stages of development. The 
relative in uiuo efficiency of absorption of the various drug delivery sys- 
tems can be measured by blood level or urinary excretion studies. How- 
ever, these studies are expensive, time consuming, and frequently involve 
complicated analytical procedures. Several investigators reported that 
drug absorption may be assessed indirectly by determining quantitatively 
the oral toxicity of the drug (7-9). This method is based on the assump- 
tion that the toxicity of an orally administered drug is directly propor- 
tional to the amount of the drug in the body or its blood level, which, in 
turn, is directly proportional to its absorption rate from the GI tract (10). 
The two parameters most commonly employed to reflect the toxicity of 
a drug are its oral LDso (mean lethal dose) and LT50 (median lethal 
time). 


Several formulations were screened for their absorption rates by de- 
termining their LD50 values. This procedure is relatively rapid and in- 


Table I-solubilities of D r u m  A and B in  Various Solvents 


Solubility, mg/ml 
Solvent Drug A Drug 


Water 0.17 0.3 
Ethanol 5.1 66 
Propylene glycol 2.8 35 
0.1 N HCl 0.05 0.82 
Intestinal fluid 0.13 0.88 
0.1 N NaOH 2.9 - 
Chloroform > 150 >50 


Table 11-Design a n d  Rationale for Different Formulations of 
Drug A 


Ratio, 
Drug- 


Excipient Excipient Type of Preparation 
- 


Poloxamer 188 
Polysorbate 80 


- 
1:9 
1:l 


Meglumine L3.5 


Dibasic otassium phosphate- 1:Z:l 


Sodium glycocholate 1:4 
Sodium glycocholate 1:4 


Povidone 1:4 


Urea 1:4 
Methylcellulose-dibasic 1:0.3: 


monofasic potassium 
phosphate 


calcium phosphate-corn 91.5 


Dru perse  
Surfactant addition 
Suspension of drug in 


surfactant solution 
Inclusion of alkaline 


material 
Buffering agent 


Addition of bile salt 
Coprecipitate with 


bile salt 
Coprecipitate with 


hydrophilic polymer 
Melt in soluble carrier 
Granulation by 


dispersing agent 
~~ 


starch 


expensive. Such toxicity studies are particularly useful when a limited 
amount of new drug is available. 


EXPERIMENTAL 


Materials-Drugs A' and B', povidone2, polysorbate 803, mannitoP, 
meglumine4, monobasic potassium phosphate5, dibasic potassium 
phosphate5, poloxamer 18@, sodium glycocholate7, sodium taurochoIate7, 
ureas, methylcellul~se~, dibasic calcium phosphate'O, corn starch", so- 
dium lauryl sulfateI2, and polyethylene glycol 600013 were used as re- 
ceived. 


Solubility of Drugs A and  B-The solubility studies of Drugs A and 
B were performed in various solvents using the method described in the 
USP (1 1) (Table I). 


Preparation of Test Systems-The test preparations were made by 
one of the following methods. 


Control-Drug per se was passed through a 100-mesh stainless steel 
screen. 


Micronization-Drug was m i ~ r o n i z e d ~ ~  to approximate an average 
particle size of 3 pm. 


Physical Mixture-The drug and the carrier (e.g., surfactants, buffers, 
and/or bile salts) in the required amounts were geometrically mixed in 
a mortar with a pestle. No frictional pressure was applied that could 
significantly reduce size. The mixture was passed through a 100-mesh 
screen. 


Coprecipitation-Requisite amounts of drug and soluble carrier were 
dissolved in a suitable solvent and evaporated to yield the coprecipitates. 
The coprecipitates were dried and passed through a 100-mesh screen. 


Melts-Appropriate quantities of the drug and a carrier were mixed 
and heated to give a clear solution. The solution was chilled, and the re- 
sulting mass was reduced to fine particles by passing through a 100-mesh 
screen. 


Roche research compounds with very low solubility. 
2 General Aniline & Film Co., Linden, N.J. 
3 ICI America Inc., Wilmington, Del. 
4 Matheson, Coleman & Bell Co., East Rutherford, N.J. 
5 Mallinckrodt Chemical Works, St. Louis, Mo. 
6 P h o n i c  F68, BASF Wyandotte Corp., Wyandotte, Mich. 
7 National Biochemical Inc., Cleveland, Ohio. 
8 J. T. Baker Chemical Co., Phillipsburg, N.J. 
9 Dow Chemical, Midland, Mich. 


'OStauffer Chemical Co., New York, N.Y. 
l1  National Starch & Chemical, New York, N.Y. 
12 E. I. du Pont de Nemours, Wilmington, Del. 
'3 Union Carbide Corp., New York, N.Y. 
14 Spex Industries, Metuchen, N.J. 
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Table 111-Design and Rationale for Different Formulations of 
Drug B 


Ratio, 
Drug- 


Excipient Excipient Type of Preparation 


- 
Sodium lauryl sulfate 
Sodium taurocholate 
Sodium glycocholate 
Sodium glycocholate 
Polyethylene glycol 6000- 


sodium glycocholate 
Polyethylene glycol 6000- 


sodium glycocholate 
Polyethylene glycol 6000 


Mannitol 


Povidone 


- 
- 


1 : l O  
1:4 
1:4 
1:4 


1:5:4 


1:5:4 


1:9 


1:9 


1:9 


Drug per se nonmicronized 
Micronized drug 
Surfactant addition 
Bile salt addition 
Coprecipitate with bile salt 
Admixture of bile salt 
Effect of soluble polymer and 


bile salt 
Coprecipitate of soluble 


polymer and bile salt 
Melt with water-soluble 


polymer 
Melt with water-soluble 


carrier 
Coprecipitate with water- 


SuspensionlSolution-The requisite amount of nonmicronized drug 
was dispersed or dissolved in an aqueous polysorbate 80 solution. The 
particle-size ranges of suspended drug were 1-37.0 pm for Drug A, with 
more than 80% below 5 Fm, and 10-150 pm for Drug B, with more than 
80% below 50 pm. 


Granulation-The drug and carriers were uniformly mixed in a mortar 
with a pestle. The mixture was granulated with water or an aqueous so- 
lution of polymer and dried overnight a t  120'F. The dried mixture was 
passed through a 40-mesh screen. 


LD50 Studies-Drug A-Charles River DCI mice, 17-25 g, were used. 
The powder mixtures were suspended in gum acacia solution as a 4% 
concentration of the active ingredient. The preparations were adminis- 
tered orally by intubation to six to 16 mice per dose level. Dosed animals 
were observed for 5 days, and the total mortality was reported. The LDm 


values were calculated using a computer program based on the method 
of Finney (12). 


Drug B-CF 1s mice, 17-25 g, were used. Six to 10 mice were used per 
dose level, and the dosed animals were observed for 5 days for mortality. 
All preparations were administered orally as a 5% concentration of the 
active ingredient in gum acacia solution. The LDm values were calculated 
by the method of Finney (12) or Miller and Tainter (13). 


Oral Toxicity of Excipients-The excipients added to the formu- 
lations were evaluated in the same manner as the drug. 


RESULTS AND DISCUSSION 


Tables 11 and I11 show the design of different formulations for an 
evaluation of the absorption rate of Drugs A and B, respectively. Tables 
IV and V show the resulting LD50 values. Drug A had an average particle 
size of about 4 pm as measured by a microscopic method. The LD5o values 
were considered as an index of relative absorption rates. 


Three formulations, each containing an additive (e.g., meglumine, 
sodium glycocholate, or urea), showed a decrease in the LD50 with an 
assumed increase in the in uiuo absorption rate. The solubility data fur 
Drug A (Table I)  showed that the solubility was pH dependent; absolute 
drug solubility was increased considerably from 0.05 mg/ml in 0.1 N HCl 
to 0.17 mg/ml in water and to  2.9 mg/ml in 0.1 N NaOH. This result 
clearly explains why the compositions containing alkaline materials 
showed the highest toxicity. 


Formulations containing povidone coprecipitate, polysorbate 80, and 
monobasic and dibasic potassium phosphates showed a considerable 
increase in toxicity when evaluated by the LDs0 test. The fine dispersion 
of the drug may be the possible explanation (14,151. The granulation 
technique employed with methylcellulose as a wet binder, dibasic calcium 
phosphate as the filler, and corn starch as the disintegrant may lower 
LD50 values due to the increased hydrophilicity of the drug. 


The use of meglumine, sodium glycocholate, or urea was restricted 
because of instability in the alkaline environment. This finding might 
explain why the admixture of the drug and sodium glycocholate gave a 


Table IV-Acute Toxicity (in Mice) of Drug A 
LD50 f SE,  Relative 


Formulation m g k  PO Number Dosed m g / k  PO Potency a 
Dose, Number Dead/ 


100% active (control) 


Drug and poloxamer 188 


Drug and polysorbate 80 


Admixture of drug and meglumine 


Admixture of drug with monobasic potassium phosphate and 


Admixture of drug and sodium glycocholate 


dibasic potassium phosphate 


Drug and sodium glycocholate (coprecipitate) 


Coprecipitates of drug and povidone 


Drug in urea 


Drug granulation with methylcellulose, dibasic calcium 
phosphate, and corn starch 


800 
1000 
1250 
1600 
2000 
600 
800 


1000 
300 
400 
600 


1000 
100 
200 
300 
600 


1000 
300 
600 


1000 
300 
500 
600 


1000 
600 


1000 
1250 
300 
600 


1000 
100 
200 
300 
600 
300 
400 
600 


2/10 
4/16 
216 
8/10 
516 
016 
116 
416 
0110 
3/10 
7/10 
10/10 
0110 
2/10 
6/10 
7/10 
9/10 
2/10 
2/10 
8/10 
1/10 
8/10 
6/10 
loll0 
2/10 
5/10 
6/10 
0110 
5/10 
8/10 
016 
1 /6 
216 
416 
016 
116 
616 


1271 f 111 


934 & 59 


497 f 39b 


1.0 


1.17 


2.53 


351 f 56b 3.65 


707 f 137" 1.91 


454 f 42 2.93 


1033 f 172 1.27 


660 f 77b 1.95 


423 f 104b 3.24 


518 f 62b 2.48 


Compared to Drug A alone. The t test uersus controls, p < 0.01. The t test uersus control, p < 0.05. 


1568 /Journal of Pharmaceutical Sciences 







Table V-Acute Toxicity in Mice of Drug B 


Dose, Number Dead/ LD6o f SE, Relative 
Preparation mglkg Number Dosed w l k g  Potency" 


- 4/10 2150 f 196 Nonmicronized (control) 2000 
2500 7/10 
3200 9/10 


1600 316 
2000 616 


1400 216 
1600 616 


Micronized 1250 016 1600 f 126 1.34 


Drug and sodium lauryl sulfate 1250 016 1550 1.39 


2000 
800 


1250 
2000 
200 
320 
400 
500 
560 
630 
700 
800 
100 


glycocholate (coprecipitate) 400 


Drug and sodium taurocholate (coprecipitate) 


Drug and sodium glycocholate (coprecipitate) 


Admixture of drug and sodium glycocholate 


Drug and polyethylene glycol 6000 and sodium 


Drug in polyethylene glycol 6000 


Drug in mannitol 


800 
2000 
2250 
2500 
1250 
1400 


$6 
516 
416 
616 
016 
416 
516 
016 
216 
316 
516 
616 
016 
316 
516 
116 
013 
616 
016 
2/4 


700 3.07 


310 f 26b 7.0 


615 f 2b 3.49 


425 f 10lb 5.07 


2250 f 86 1.0 


1615 f 129 1.33 


1600 416 
2000 416 


1600 212 
2000 616 


1400 316 
1600 516 
2000 616 


Coprecipitate of drug with povidone 1250 116 1490 1.44 


Drug in urea 1250 016 1440 47 1.49 


a Compared to Drug B alone. b The t test uersus controls, p < 0.01. 


lower LD5o value than a coprecipitate of the same combination. In the 
preparation of the coprecipitate, the solvent and heat might have accel- 
erated the degradation of Drug A in the alkaline environment. The for- 
mulation containing the povidone coprecipitate was completely sta- 
ble. 


Drug A with polysorbate 80, even though stable and having a low LDso 
value, was not a formulation of choice because of encapsulation and 
tableting problems generally associated with the high amounts of poly- 
sorbate 80 in the formula. Thus, formulations containing a povidone 
coprecipitate or the granulation with methylcellulose were considered 
formulations of choice for future drug delivery systems. 


The value of this LD50 procedure can be appreciated readily if one 
considers a hydrophobic drug like Drug A, where passive absorption was 
limited by the rate a t  which solution was effected in the GI fluids. In this 
type of absorption pattern, any change in the rate of solution of drug in 
the GI fluids produces a corresponding change in its absorption rate. Due 
to the intricate assay procedure, the dissolution rates of the formulations 
were not determined. However, enhanced aqueous solubility with an 


increasing pH suggests that the higher solubility of Drug A in an alkaline 
environment can account for the lower LD5o values with meglumine, 
sodium glycocholate, and urea formulations. 


Micronization has been known to improve absorption of poorly soluble 
drugs. Nonmicronized Drug B had an average particle size of approxi- 
mately 50 pm by microscopic examination, which was reduced to an av- 
erage of approximately 3 pm by micronization. Drug B in micronized 
form, as urea or mannitol melts, and as a povidone coprecipitate exhibited 
LDm values in the same approximate range and considerably lower than 
the control nonmicronized drug. The results are in agreement with pre- 
viously published reports (2,3,8). 


The polyethylene glycol melt of Drug B surprisingly did not show any 
change from the control. This result may be due to interaction of the drug 
with polyethylene glycol. Polyethylene glycols are known to form insol- 
uble complexes with drug moieties, thereby impeding drug absorption 
(16). In other instances, improvement in dissolution and absorption rates 
may be obtained when polyethylene glycol is used as a carrier to form 
glass solutions (5). 


Table VI-Acute Toxicity of Excipients Used in Drug A Formulations 


Number Dead/Number Dosed 


Formulation Excipient Drug A Excipientsa Drug A Alone 
Excipient and Excipient Dose, mg/kg 


Poloxamer 188 1000 
Polysorbate 80 1000 
Meglumine 1000 
Monobasic potassium phosphate and dibasic 


Sodium glycocholate 1000 
Povidone 1000 
Urea 1000 
Methylcellulose plus dibasic calcium phosphate 1000 


- 


potassium phosphate + 1000 


and corn starch 


4000 416 
1000 10110 
3500 9/10 
2000 8/10 


4000 16/20 
4000 8/10 
4000 416 


300 516 


t 1000 


+ 9000 + 1500 


0110 
1/10 
0110 
1/10 


0110 
0110 
0110 
0110 


Quantity of excipients contained in each formulation when 1000 mg/kg of Drug A was administered (ratio of excipients to Drug A is the same as in Table 11). 


Vol. 66, No. 11 ,  November 1977 1 1569 







The coprecipitates of Drug B with the salt of cholic acid increased 
toxicity, while coprecipitates with sodium glycocholate were the most 
toxic. Cholic acid and its salts may have increased the drug solubility by 
micellar effects and thus showed better absorption. This type of effect 
is well documented (17). 


For Drug B, which was stable in alkaline medium, the coprecipitate 
with sodium glycocholate was more toxic than the physical admixture. 
This result indicates that a molecular dispersion was obtained and was 
absorbed more readily than the physical admixture. Thus, the copreci- 
pitate formulation containing sodium glycocholate would be considered 
a formula of choice for further development work. 


The excipients used in the formulations of both drugs administered 
individually had little effect on the LDb0 values in the maximum amount 
used in the formulation and, therefore, did not contribute to the toxicity 
(Table VI). 


CONCLUSION 


The LD50 procedure can estimate relative absorption rate differences 
between formulations of drugs with very low solubility. The most phar- 
maceutically acceptable formulations in this study were the povidone 
coprecipitate with Drug A and the sodium glycocholate coprecipitate with 
Drug B. 


In the design of future drug delivery systems, a formulation with an 
optimum availability rate would be necessary for an acceptable phar- 
maceutical product. The relatively inexpensive LD50 studies can be a 
practical rapid method of achieving comparative ratings of drug formu- 
lations. 
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Bunolol Metabolism by Dogs: 
Identification of Basic Metabolites and Their Conjugates 


FRANZ-JOSEF LEINWEBER *§, R. CLIVE GREENOUGH $7, and 
FREDERICK J. DI CARL0 *x 


Abstract Female beagles dosed once with encapsulated 14C-bunolol 
(10 mg/kg) excreted 61% of the isotope in urine in 24 hr. The pooled urine 
contained a minimum of 18 labeled compounds. Two previously unknown 
metabolites were purified and were identified by UV and mass spectral 
data; they were hydroxybunolol (10.1% of urinary radioactivity) and 
hydroxydihydrobunolo1(9.8%). The urine also contained bunolol(O.7% 
of urinary carbon-14), dihydrobunolol(O.5%), conjugated dihydrobunolol 
(2.8%), ~-(5-oxytetralonyl)lactic acid (16.3%), and (5-oxytetra1onyl)acetic 
acid (7.1%). 


Keyphrases 0 Bunolol-metabolites and conjugates identified, dog 
urine Metabolism-bunolol in dogs, metabolites and conjugates 
identified in urine Antiadrenergic agents-bunolol, metabolism in 
dogs, metabolites and conjugates identified in urine 


Bunolol [d l -  5- [3-( tert- butylamino) -2-hydroxypro- 
poxy]-3,4-dihydro-l(2H)-naphthalenone hydrochloride] 
(I) is a potent 6-adrenoceptor blocking agent (1-3). Pre- 
vious studies showed that I was absorbed rapidly by dogs 
(4) and biotransformed extensively to acidic metabolites 
(5). Additionally, I was reduced to a secondary alcohol by 
human cadaver liver (6), human and rat erythrocytes, and 
liver and extrahepatic tissues (7). 


The secondary alcohol, dihydrobunolol (11), is an in- 
teresting metabolite because it is a P-adrenergic blocking 
agent with approximately the same potency as I (6). The 
present report describes the identification and quantifi- 
cation of I1 and previously unidentified basic metabolites 
in the urine of dogs dosed with 14C-labeled bunolol. 


EXPERIMENTAL 


14C-Labeled Bunolol-Bunolol labeled on the 1-carbonyl was syn- 
thesized (8). The preparation was 99.0% pure, both chemically and ra- 
diochemically, as judged by TLC; it had a specific activity of 4.90 mCi/ 
g. 


Radioactivity Counting-Quantitative assays for carbon-14 were 
performed using a liquid scintillation spectrometer’. The external 
standardization method was used for quench corrections. 


TLC-Chromatograms for analytical purposes were run on 5 X 20-cm 
glass plates coated with 250 pm of silica gel G bound with calcium sulfate2. 
For preparative efforts, 20 X 20-cm plates were used they were prewashed 
by one development in methanol, dried in air, and heated for 1 hr a t  looo. 


Packard Tri-Carb model 3320. * Analtech. 
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significantly depress body temperature suggest that nitroprusside causes 
hypothermia, in part, through an action on the CNS. Conceivably, the 
drug may cause nonspecific depression of thermoregulatory control 
centrally. This action could explain the absence of compensatory shiv- 
ering and increased muscle tone, although nitroprusside interference at 
the effector level could account for these absences. 
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Application of 13C-NMR Spectroscopy to 
In Vitro Analysis of Enzyme Kinetics 


H. L. JOHNSONx, D. W. THOMAS, M. ELLIS, L. CAR 


Abstract 0 The conversion of ~ , L - a - ~ ~ C - h i s t i d i n e  to similarly labeled 
a-I3C-histamine by bacterial and mammalian histidine decarboxylase 
was studied by '3C-NMR spectroscopy and GLC-mass spectrometry. 
The results obtained with the partially purified bacterial enzyme were 
in essentially perfect agreement with results obtained simultaneous- 
ly with a standard radioisotopic method using ~arboxyl-labeled- '~C-~- 
histidine. For a crude tissue preparation of the mammalian enzyme, the 
radioisotopic method indicated an activity three times that based on 
'3C-NMR measurement of a-IT-histamine. The difference in results 
was accountable in terms of additional I3C-NMR signals attributable to 
products other than histamine due in part to enzymatic degradation of 
the latter. 


Keyphrases 0 D,L-a-13C-Histidine-conversion to histamine by his- 
tidine decarboxylase, I3C-NMR and GLC-mass spectral study a D,L- 
a-13C-Histamine-conversion from histidine by histidine decarboxylase, 
I3C-NMR and GLC-mass spectral study 0 Enzyme activity-histidine 
decarboxylase, conversion of ~ ,~ -u - '~C-h i s t id ine  to histamine, 13C-NMR 
and GLC-mass spectral study 0 13C-NMR spectroscopy-study of 
conversion of D,L-a-13CC-histidine to histamine by histidine decarboxylase 


GLC-mass spectrometry-study of conversion of ~,L-a-I~C-histidine 
to histamine by histidine decarboxylase 


Many in vitro assays of enzyme activity are relatively 
inconvenient, time consuming, or indirect in that mea- 
surements are based on cofactors or coproducts rather than 
the major product. Furthermore, compounds are fre- 
quently assayed for inhibitory activity using crude tissue 
preparations where the primary product may be exposed 
to further enzymatic transformations that may or may not 
be affected by the test compound. An example is the assay 
of specific histidine decarboxylase (EC 4.1.1.22) in minced 
tissue or crude extracts of mammalian tissues (1). One 
method of assay measures the '*C-carbon dioxide evolved 
from carboxyl-labeled 14C-histidine (2), and other methods 
are based on the measurement of the histamine produced 
(1). 


The increasing availability of stable isotopic interme- 
diates suggested exploration of NMR spectra using syn- 
thetic isotopic-enriched substrates as a convenient means 
of quantitatively and directly determining the kinetics of 
formation of multiple products in a crude enzyme assay. 
For initial exploration, 13C-enriched histidine (3) was used; 
I3C-NMR results were compared with a standard ra- 


, and J. I. DeGRAW 


w L - I' ' " I " '  " " 
7 0  60 50 40 


PARTS PER MILLION 


Figure 1-I3C-NMR spectrum of bacterial histidine decarboxylase 
reaction mixture [conuersion of ~ , ~ - a - ' ~ C - h i s t i d i n e  (M -t 4) to a- 
I3C-histamine ( M  + 4 ) ] .  Protein was removed by heat precipitation. 
Key: A, a-I3C-histidine; B, a- W-histamine; and C, reference 13C- 
acetate. 


dioisotopic method (2) using histidine decarboxylase of 
both bacterial and mammalian origin. With the bacterial 
enzyme, mass spectrometry served-as an additional com- 
parison. 


EXPERIMENTAL 


Carboxyl-labeled-14C-L-histidine (13 mCi/mmole) was obtained 
commercially'. Nonradioactive isotopic D,L-histidine (2,5-2H,3-15N,a- 
I3C-labeled) was synthesized with 80% enrichment in M + 4 and 20% M 


* New England Nuclear Corp., Boston, Mass. 
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Figure %-Mass spectra of trimethylsilyl-derivatized histidine. Key: 
A, reference histidine (M); B, M + 4 histidine; and C, M and M + 4 
histidine from the decarboxylase reaction mixture of Fig. 1. 


+ 3 (3). Bacterial histidine decarboxylase (Clostridium welchii) was 
obtained as the acetone powder (Type 12, 0.015 unit/mg), which was used 
as a lightly homogenized suspension (2 mg/ml) in 0.2 M ammonium ac- 
etate buffer (pH 4.8). Mammalian histidine decarboxylase was obtained 
as a crude pyloric stomach extract (clear supernate) from male 
Sprague-Dawley rats [ 1:2.5 homogenization in 0.05 M phosphate buffer 
(pH 7.2) centrifuged a t  5000Xg for 30 min at 0'1. 


The bacterial enzyme was incubated at 37' with 14C-~-histidine (0.033 
&i/ml) and D,L-a-13C-histidine (M + 4) (0.33 mg/ml) at pH 4.8 (4). The 
mammalian enzyme was incubated under nitrogen a t  37' (for 1.5 and 3 
hr) with ~- l~C-his t idine (0.038 pCi/ml), D,L-a-13C-histidine (M -+ 4) (0.2 
mg/ml), streptomycin sulfate (0.05 mg/ml), and pyridoxal5-phosphate 
(2 X M ;  10-min preincubation before addition of substrate) a t  pH 
7.2 (5). The radioisotopic assay (I4C-carbon dioxide) was a modification 
of the Levine and Watts (2) method, with termination of the reaction by 
citric acid addition. '*C-Carbon dioxide was absorbed on 10 X 20-mm 
folded strips of filter paper3 dipped in quaternary ammonium hydroxide4 
and allowed to drip dry. 


For W-NMR and mass spectrometry, the reaction was stopped by heat 
treatment (100' for 10 min). Protein was removed by centrifugation prior 
to analysis. Samples (10.0 ml) were lyophilized and reconstituted in 2.0 
ml of water containing 10% DzO prior to NMR analysis of mammalian 
enzyme activity. A 2-ml aliquot of the bacterial enzyme samples was 
analyzed directly by NMR spectroscopy after addition of 10% DzO. For 
mass spectrometry, nonisotopic histidine and histamine were added as 
standards, and samples were evaporated to dryness before treatment with 
trimethylsilyl chloride. 


A 


50 100 150 200 250 300 350 400 
m /e 


0.0 


Figure 3-Mass spectra of trirnethylsilyl-derivatized histamine. Key: 
A, reference histamine (M); and €3, M and M t 4 histamine from the 
decarboxylase reaction mixture of Fig. 1. 


Mass spectral analysis was performed on a combination gas chroma- 
tograph-mass spectrometer5 using an OV-17 column and multiple ion 
detection. Measurements by I3C-NMR spectroscopy utilized a Fourier 
transform spectrometer6 (50,000 transients) with wide hand proton de- 
coupling (12-mm tube). Adequate signal-to-noise ratios were obtained. 
Radioisotopic assays used a scintillation spectrometer7 with a counting 
efficiency of 93% (p-his[2-(5-phenyloxazolyl)]henzene and 2,5-diphen- 
yloxazole) in toluene with 1.0 ml of ethanol. 


RESULTS AND DISCUSSION 


Bacterial enzyme was used for establishing the accuracies and repro- 
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Figure 4-Conversion by bacterial histidine decarboxylase of L-  14C- 
histidine to histamine plus "C-carbon dioxide (@) (&ZOO% scale) 
versus conversion of D,L-a- 13C,3-15N,2,5-2H-histidine (M + 4) to a- 
13C,3-15N,2,5-2H-histamine (M + 4) (0-50% scale) as measured by 
13C-NMR (A) and GLC-mass spectrometry (0) .  


2 Si ma Chemical Co., St. Louis, Ma. 
3 Wiatman 3MM. 
4 Hyamine. 


LKB 9000, LKB Instruments, Rockville, Md. 
XL-100, Varian Instrument Division, Palo Alto, Calif. 


7 Mark 111, Searle Analytic, Des Plaines, 111. 
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Figure 5-W-NMR spectrum of mammalian histidine decarboxylase 
reaction mixture [rat pyloric stomach extract; conversion of D,L-a- 
13C-histidine (M + 4) to a- ‘3C-histamine (M + 4)J. Protein was removed 
by heat precipitation. Key: A, reference dionane; B, a- I3C-histidine; 
and C, a- 13C-histamine. 


ducibilities of the methods. A typical NMR spectrum is illustrated in Fig. 
1 (bacterial enzyme sample, 2 hr), showing 43% a-’3C-histamine and 57% 
a-lW-histidine. The maximum theoretical conversion was 50% because 
of the use of D,L-a-13C-histidine. Added a-W-acetate served as an  ad- 
ditional quantitation standard. 


Typical mass spectra for histidine, M + 4 histidine, and the mixture 
of the two obtained from the 2-hr bacterial enzyme sample are shown in 
Fig. 2. Similarly, Fig. 3 shows the mass spectra of histamine and the 
mixture of histamine and M + 4 histamine obtained from the enzyme 
sample. Based on the amounts of histidine and histamine added to the 
sample before analysis, M + 4 histamine was 46% and M + 4 histidine 
was 54%. Included in the measurements are the M + 3 and M + 2 peaks 
of isotopic histidine. These were increased in the enzyme sample a t  the 
expense of the M + 4 peak because of some exchange loss of deuterium 
during enzymatic conversion (Fig. 2). 


Typical radioisotopic results for the bacterial enzyme (14C-carbon 
dioxide counts as a percent of initial 14C-histidine counts) are plotted as 
a function of incubation time in Fig. 4. A common curve could be drawn 
through these data points and those obtained by I3C-NMR spectroscopy 
and GLC-mass spectrometry. Radioisotopic results were based on a 
theoretical maximum conversion of 100% of ~- l~C-his t idine.  


Typical results obtained with the mammalian enzyme preparation are 
shown in Fig. 5. In addition to the small amount of a-W-histamine 
formed (-3.3%), other 13C-signals of comparable intensity are evident. 
One of these was tentatively identified as methylhistamine, formed by 
the enzymatic methylation of histamine on imidazole nitrogen (6); others 
are presumably direct metabolites of histidine and other metabolites of 
histamine. Results of the radioisotopic assay indicated 1Ph decarbox- 
ylation of c~-’~C-histidine. 


The radioisotopic carbon dioxide method is presumed to provide a 
reliable estimate of decarboxylase activity but gives no information 
concerning further metabolism. Methods based on measurement of 
product histamine may yield erroneously low estimates of activity due 
to such metabolism (I) .  These points are well illustrated by the present 
results, confirming the accuracy and reliability of the radioisotopic carbon 
dioxide method. 


Crude enzyme preparations can be useful for purposes of in uitro drug 
screening where actions on various enzymes concerned with synthesis 
and metabolism of a given substrate are of interest. The increasing sen- 
sitivity of NMR instrumentation provides the potential for conveniently 
assessing such drug effects simultaneously in a single assay on a routine 
basis. Appropriate nonradioactive isotopic labeling of substrates intro- 
duces the additional advantage of further quantitative identification of 
metabolites by GLC-mass spectrometry through the simple expedient 
of using nonlabeled samples of presumed or suspected metabolites as 
carrier-standards. 


Assays involving TLC frequently leave doubt because of superimposed 
spots. The NMR methodology, particularly when coupled with GLC- 
mass spectrometry, eliminates the need for extensive separation proce- 
dures and simplifies product identification when adequate UV, fluoro- 
metric, or other quantitative characterization techniques are not avail- 
able. 
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Drug Migration during Drying of Tablet Granulations I: 
Effect of Particle Size of Major Diluent 


J. W. WARREN, Jr.x, and J. C. PRICE 


~~ ~~ 


Abstract Migration of a water-soluble drug, propoxyphene hydro- 
chloride, during drying of tablet granulations was studied. Wet granu- 
lations of the drug were prepared using lactose as the major diluent and 
corn starch as a disintegrant. Particle-size fractions of lactose ranging 
from 53 to 177 pm in diameter were employed in different granulations 
to examine the effect of particle size of the major diluent on drug mi- 
gration. Determination of drug concentration at  various depths in a dried 
granulation bed was accomplished by using a drying cell consisting of four 
layers. A numerical coefficient of migration was developed to compare 
the extent of drug migration in the various lactose granulations. Migration 
increased with decreasing particle size of the major diluent, lactose. Two 
factors that may contribute to increased migration with smaller particles 
are increased entry suction due to decreased intragranular capillary size 
and increased intergranular contact area. 


Keyphrases Tablets-effect of particle size of major diluent on drug 
migration during drying 0 Particle size-of major diluent in tablet 
granulations, effect on drug migration during drying 0 Migration, 
drug-during drying of tablet granulations, effect of particle size of major 
diluent Dosage forms-tablets, effect of particle size of major diluent 
on drug migration during drying 


Drug migration during granulation drying is a relatively 
new area of investigation. Although migration of water- 
soluble dyes was studied as early as 1963 (1, 2), reports 
concerning migration of other granulation components 
have appeared only since 1971 (3-8). 


In a study using 5% (w/w) of the tablet binder povidone 
in heavy magnesium carbonate, the extent of intragranular 
povidone migration increased with higher drying tem- 
peratures (3). When 2.7% (w/w) warfarin sodium in a wet 
granulation was studied, the addition of 5% acacia and 15% 
alginic acid to calcium phosphate reduced drug migration 
(6). The influence of the volume of solvent on aspirin mi- 
gration was studied using absolute ethanol as the solvent 
and 1% (w/w) aspirin in a wet granulation (7). The influ- 
ence of various drying methods on solute migration was 
studied with 2.5% (w/w) NaCl in heavy kaolin (8). 


Although several factors common to all wet granulations 
may influence the migration of a soluble drug during 
drying, the effect of particle size of a major diluent on the 
extent of drug migration was investigated. Propoxyphene 
hydrochloride was chosen as a representative drug since 
it is freely soluble in water and its usual concentration in 
granulations is higher than other components examined 
previously. 


EXPERIMENTAL 
Materials-Propoxyphene hydrochloride, lactose, starch, and mag- 


nesium stearate were USP grade and were used without further purifi- 
cation. A single lot of each material was used for all experiments. 


Wet Granulation Procedure-The wet granulation formulation 
(Formula I )  used was as follows: 


per tablet, mg per batch, g 
propoxyphene hydrochloride 32 48.0 


lactose USP 413 619.5 
starch USP 50 75.0 


total 500 750.0 


USP 


magnesium stearate USP - 5 7.5 


Since the major diluent in Formula I was lactose, various particle-size 
fractions of lactose were collected as follows: Formula I-PI, 100% by 
weight of the lactose passed a No. 80 (177 pm) U S .  standard sieve but 
was retained on a No. 100 sieve; Formula I-P2, 100% by weight of the 
lactose passed a No. 100 (149 pm) US. standard sieve but was retained 
on a No. 140 sieve; Formula I-P3,100% by weight of the lactose passed 
a No. 140 (105 pm) US.  standard sieve hut was retained on a No. 170 
sieve; Formula I-P4,100% by weight of the lactose passed a No. 200 (74 
pm) US. standard sieve hut was retained on a No. 270 sieve; and Formula 
I-P5,100% by weight of the lactose passed a No. 270 (53 pm) U S .  stan- 
dard sieve hut was retained on a No. 325 sieve. The collected fractions 
of lactose were incorporated into five granulation batches. 


For wet granulation of the five batches, the powders were first passed 
through a No. 12 U S .  standard sieve (1680 pm) to reduce large agglom- 
erates. The powders were then blended for 15 min at low speed in a 
planetary mixer'. After blending, 150 ml of water was added in portions, 
approximately 50 ml/addition, to form the wet granulation mass, and the 
granulation was mixed for an additional 10-12 min. 


Wet screening was accomplished by passing the wet granulated mass 
through a No. 12 (1680 pm) sieve. The wet mass was then placed in a 
drying cell and dried a t  50" for 5 hr in a drying oven2. 


Drying Cell and Sampling Procedure-A drying cell made of acrylic 
plastic and consisting of four layers, 0.476 cm thick, was used to facilitate 
the determination of the concentration of propoxyphene hydrochloride 
at  various depths in a granulation bed (Fig. 1). The total height of the cell 
was 1.90 cm. The cell was open on both ends of the cylinder formed by 
the layers; the opening was 10.16 cm in diameter. The layers of the cell 
were secured with screws during the drying process. 


When used for migration studies, the drying cell was placed on a drying 
oven tray lined with porous paper. The granulation in the bottom layer 
was exposed to the paper during the drying process, which was similar 
to an actual industrial tray drying process. The wetted granulation, after 
being wet sieved, was filled into the drying cell with a spatula. 


After drying, the top layer of the dried bed was sampled by removing 
portions of the top cell layer with a flat blade. Three samples were taken 
from each layer and designated as side 1, side 2, and center. The side 1 
sample was taken from an area 3.2 cm from the beginning of air flow 
across the cell, and the side 2 sample was taken 3.2 cm from the side of 
the cell cylinder opposite side 1. A t  this point, the second layer was re- 
moved and the granulation was sampled in the same manner. This pro- 
cedure was repeated for the third and fourth layers. 


After mixing the granulation samples, 0.5 g of granulation from each 
of the 12 samples per cell, three from each layer, was then assayed for 
propoxyphene hydrochloride content. The average of the three assay 
results for each layer was used for further calculations and compari- 
sons. 


D r u g  Content Uniformity of Wet Granulations-Drug content 
uniformity in the wet granulation (Formula I-P1) was determined to 
establish whether the mixing and granulation wetting process resulted 
in a uniform mixture. Five random samples (approximately 2 g each) were 
taken from the wet mass immediately after granulation. After drying for 
5 hr at 50°, the samples were assayed for drug. 


Determination of Reproducibility of Cell Drying Procedure-To 
determine the reproducibility of the cell drying procedure, three batches 
of Formula I-P1 were wet granulated with 150 ml of waterbatch three 
drying cells from each batch were filled and dried. The top layer was then 
sampled and assayed, three samples per layer, from each of the nine 
cells. 


To evaluate cell-to-cell differences within a batch and batch-to-batch 
differences relative to cells, a nested design analysis of variance was used 
(9). 


Assay for Propoxyphene Hydrochloride-A colorimetric assay (10) 
was adapted for the determination of propoxyphene hydrochloride in 
the granulation samples. This method involves the formation of a color 


Readco mixer K-20, Read Standard, York, Pa. 
Power-0-Matic 60, Blue M Electric Co., Blue Island, Ill. 
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b 
Figure 1-Drying cell assembled (a) and partially disassembled to show 
construction (b). 


complex of hromcresol purple and propoxyphene hydrochloride. A 
granulation sample, equivalent to approximately 32 mg of propoxyphene 
hydrochloride, was extracted with 50 ml of methanol by shaking for 1 hr. 
After shaking, the sample was diluted to 100 ml with methanol. Five 
milliliters of this solution was diluted to 100 ml with water. Five milliliters 
of this final solution was then added to 20 ml of hromcresol purple reagent 
(50 mg of bromcresol purplehiter with 10 ml of acetic acid and sufficient 
2 N NaOH to adjust the pH to 5.0) in a separator. Finally, 25 ml of chlo- 
roform was added. 


After agitation for 3 min, a portion of the lower chloroform layer was 
collected. The absorbance of the collected solution was determined3 at  
405 nm using chloroform as a reference. A blank was prepared hy adding 
5.0 ml of water to 20 ml of the hromcresol purple solution and following 
the same analytical procedure. Five milliliters of a standard solution (32 
mg of propoxyphene hydrochloride in a 100-ml volumetric flask diluted 
with methanol) was also carried through the procedure. 


Physical Properties of Granulations-As a control measure, the 
weight of the drying cell contents, bulk density, moisture content, true 


volume, true density, apparent density, and intraparticle porosity of the 
granulation in each cell were determined. 


The bulk density (grams per cubic centimeter) of the granulation in 
each cell was calculated using the weight of the drying cell contents and 
a cell volume of 153.98 cm3. The moisture content of each granulation 
was determined using a moisture determination balance4. The true vol- 
ume and the true density of the granulations were determined with an 
air comparison pycnometer5. 


By using a mercury pycnometer and procedures described by Strick- 
land et al. (ll), the granule density of each granulation was determined. 
From the true density and granule density values, the intraparticle po- 
rosity of each granulation was calculated. 


Data Treatment-To specify the extent to which the drug migrated 
with a numerical value, the concept of a coefficient of migration was de- 
veloped. 


Since there are four layers in the drying cell, there can he six layer 
comparison classifications, i.e , a comparative difference, sign ignored, 
of the average assay values of layer 1 to layer 2, layer 1 to layer 3, layer 
1 to layer 4, layer 2 to layer 3 ,  layer 2 to layer 4, and layer 3 to layer 4. 
These layer differences were determined relative to the amount of drug 
recovered and potentially present in any two layers. In general, then, the 
equation for calculating the comparative difference (D) between two 
layers (i and j ’ )  is: 


(Eq. 1) I L J  - LJ’I  DJ-], = 


2 E Ll 
I =  I 


N 
where L, represents the average of three assay values in a given layer, L,, 
is the average assay value in another layer, Z E l  is the sum of the average 
assay values for N layers, and N is the number of layers in the drying 
cell. 


The most divergent system using an open drying cell after drying can 
be represented as 64,0,0, and 64 mg/0.5 g for layers 1,2, 3, and 4, re- 
spectively, where the drug has migrated from the inner layers to the two 
exposed evaporating surfaces. Again, using Eq. 1, the classification dif- 
ferences would he D1-2 = (64 - 0)/64 = l ,D1-3 = (64 - 01/64 = I, 0 1 - 4  


= (0 - 64)/64 = 1, and total = 4. The coefficient of migration in this ex- 
ample is 4/4 = 1. 


If 32 mg of drug/0.5 g of granulation is the theoretical average of the 
assay values per layer, then the most uniform system in a migration study 
using an open drying cell after drying can be represented as layer 1 = layer 
2 = layer 3 = layer 4 = 32 mg/0.5 g. 


With Eq. 1, the classification differences would he zero in all cases and 
the coefficient of migration would be 0/4 = 0. It  follows that as the coef- 
ficient approaches one, the extent of migration is greater; as the coeffi- 
cient approaches zero, the extent of migration is less. 


By using the coefficient of migration as a measurement of the total 
upward or downward movement of drug in the granulation bed, Spear- 
man’s rank correlation method (12) was used to test for a significant 
correlation between the extent of drug migration and particle size of the 
major diluent. 


= (64 - 64)/64 = 0,02-3 = (0 - 0)/64 = 0,D2-4 = (0 - 64)/64 = 1,03-4 


RESULTS AND DISCUSSION 


Drug  Content Uniformity of Wet Granulation-The assay values 
for the five random samples taken from Formula I-PI were 31.868,30.800, 
30.240,31.506, and 30.439 mg/0.5 g for Samples I, 2,3,4, and 5, respec- 
tively. 


The theoretical amount of propoxyphene hydrochloride was 32 mg/0.5 
g of granulation. The average value of the five samples was 30.971 mg of 
propoxyphene hydrochloride/0.5 g of granulation, and the standard de- 
viation was 0.696 mg. 


Reproducibility of Cell Drying Procedure-Top drying cell layer 
assay results of three lactose granulations used to determine the repro- 
ducibility of the cell drying procedure are given in Table I. 


To evaluate cell-to-cell differences within a batch and hatch-to-hatch 
differences relative to cells, a nested design analysis of variance was used 
(9) (Table 11). Since the calculated F value for batches was not significant 
a t  p = 0.01, there was no significant difference among the top layer assay 
values of the drying cells when the cells from hatches I, 2, and 3 were 
compared. Furthermore, because the calculated F value for cells was not 


3 Cary model 118 spectrophotometer, Varian Instrument Division, Palo Alto, 
Calif. 


Ohaus Scale Corp., Union, N.J. 
Model 930, Beckman Instruments, Fullerton, Calif. 


Vol. 66, No. 10, October 1977 / 1407 







Table I-Top Drying Cell Layer Assay Results" of Three 
Granulation Batches Used to Determine the Reproducibility of 
the Cell Drying Procedure 


Batch Sample Cell 1 Cell 2 Cell 3 


1 1 41.83 41.12 41.89 
2 39.12 39.34 38.88 
3 39.74 40.58 40.52 


2 1 40.65 41.97 41.16 
2 39.96 39.60 39.11 
3 41.50 38.97 40.47 


3 1 40.79 41.53 39.96 
2 39.55 41.28 38.38 
3 39.20 39.09 4 1.87 


a Milligrams of propoxyphene hydrochloride/0.5 g of granulation. 


Table 11-Analysis of Variance to Determine the 
Reproducibility of the Cell Drying Procedure 


Degrees of Sum of Mean 
Source Freedom Squares Square F Ratio F (0.99) 


Batch 2 0.1862 0.0931 0.3645 10.92 
Cell (batch) 6 1.5326 0.2554 0.1546 4.01 
Error Is 29.7456 1.6525 


26 31.4644 


significant a t  p = 0.01, there was no significant difference among the three 
drying cells within a given batch. 


Effect of Particle Size on Extent of Migration-A summary of the 
average assay values for Formulas I-Pl-I-P5 is given in Table 11. In 
general, the greatest amount of propoxyphene hydrochloride was found 
in layer 1 (top layer) in all formulations, and the least amount was found 
in layer 3. Formula I-PI, containing the largest particle-size lactose, 
showed the least drug migration. 


The percent of the potential amount of propoxyphene hydrochloride 
depleted from the inner layers of the drying cell, layers 2 and 3, was cal- 
culated by dividing the amount of drug potentially present in the inner 
layers based on the total amount of drug recovered in the four layers 
(Table 111) into the difference of the amount of drug potentially present 
in the inner layers of the drying cell and the actual amount recovered 
(Table IV). These data show rather dramatically that drug was trans- 
ported toward the evaporating surfaces and was readily depleted from 
the inner layers of the granulation bed. 


Water travels through a granulation material by capillary effect in the 
liquid state and then evaporates when it reaches the evaporating surface 
(13). It follows that propoxyphene hydrochloride would dissolve in the 
water and be transported toward the evaporating surfaces; thus, accu- 
mulation in layers 1 and 4 occurs when the water evaporates and deposits 
the drug in the granulation material. 


To determine if there was a correlation between the extent of pro- 
poxyphene hydrochloride migration and the particle size of the major 


Table 111-Effect of Diluent Particle Size on Propoxyphene 
Hydrochloride Content" of Granulation Layers after Drying 


Formula Formula Formula Formula Formula 
Layer I-P1 I-P2 I-P3 I-P4 I-P5 


1 39.38 37.35 41.35 48.40 48.55 
2 29.12 22.74 23.96 22.33 23.06 
3 24.12 19.62 17.72 19.76 20.48 
4 35.83 35.85 39.02 38.17 39.46 
Each value represents an average of three assay determinations of milligrams 


of propoxyphene hydrochloride/0.5 g of granulation. 


Table IV-Effect of Diluent Particle Size on Propoxyphene 
Hydrochloride Migration from the Inner Layers of the Drying 
Cell 


Amount 
Amount Depleted 


Potential Amount Recovered from from Inner 
in Inner Layers, Inner Layers, Layers, 


Formula mg mg % 


I-Pl 64.22 53.24 17.10 
I-P2 57.78 42.36 26.69 
I-P3 61.03 41.67 31.71 
I-P4 64.33 42.09 34.57 
I-P5 65.78 43.54 33.81 


Table V-Spearman's Rank Correlation Determination for 
Effect of Particle Size on Extent of Migration 


Particle Size Coefficient of Coefficient 
Formula Rank Migration Rank d; di2 


0.204 1 
0.287 2 
0.352 3 
0.395 5 
0.382 4 


- 


0 0  
0 0  
0 0  


L 


Table VI-Analysis of Variance to Determine the Limit of 
Migration in a Series of Lactose Granulations 


Degrees of Sum of Mean 
Source Freedom Squares Square F Ratio F (0.99) 


Formula 1 3.1191 3.1191 0.4930 8.53 
Layer 3 3268.0195 1089.3398 172.1644 5.29 
Inter action 3 0.9702 0.3234 0.0511 5.29 
Error 16 101.2372 6.3273 


3 -  


Table VII-Bulk Density", Granule Density", and Porosity of 
Granulations 


Moisture 
Bulk Density, Granule Intraparticle Content 


Formula g/cm3 Density, g/cm3 Porosity, % after Drying, % 


I-PI 0.513 1.236 15.8 3.0 
I-P2 0.510 1.206 16.3 3.2 
I-P3 0.548 1.166 19.1 3.6 
I-P4 0.530 1.154 20.3 3.0 
I-P5 0.554 1.154 20.7 4.1 


a Each value represents an average of three determinations. 


diluent, lactose, the coefficient of migration for Formulas I-Pl-I-P5 was 
calculated from the results shown in Table 111 using Eq. 1. By using 
Spearman's rank correlation method (12), the formulas were ranked from 
1 to 5 relative to the decreasing particle size of lactose. Then they were 
ranked from 1 to 5 relative to an increasing coefficient of migration (Table 
V). 


The critical value for rs at  n = 5 is 0.900 at the 0.05 level of significance. 
The value computed in Table V, r, = 0.900, is significant at the 0.05 level. 
Thus, a significant correlation existed between the extent of propoxy- 
phene hydrochloride migration and the particle size of lactose. That is, 
as the particle size of lactose decreased, drug migration increased. 


An entry suction tends to draw water from the interior of the granu- 
lation bed to the evaporating surfaces where subsequent evaporation 
occurs (14). It follows that as the radius of the particles is decreased, in 
this case lactose, the entry suction would increase because of the de- 
creased capillary size. Thus, the resultant capillary forces tending to draw 
water from the interior of the granulation bed to the evaporating surface 
are increased as the particle size of lactose is decreased. As the entry 
suction increases, the movement of water through the bed toward the 
evaporating surfaces would be enhanced because the capillary state would 
be more readily maintained between individual granules; therefore, there 
would be greater potential for propoxyphene hydrochloride to be trans- 
ported to the outer layers of the drying cell. 


As the particle size of lactose is decreased, it is also feasible that an 
increased fine structure of smaller surface particles of individual granules 
occurs by increased granule surface contact. Thus, a capillary state would 
be achieved more easily and intergranular solvent flow would be sus- 
tained. 


The results from Formulas I-P4 and I-P5 were very close. A two-factor 
analysis of variance comparing these results is given in Table VI. Since 
the calculated F value for the formulas was not significant a t  p = 0.01, 
there was apparently no difference in Formulas I-P4 and LP5. The cal- 
culated F value for layers was significant, which denotes B layer differ- 
ence. The interaction F value was not significant. It appears that in- 
creased migration due to increased capillary flow reached a limit. During 
the drying process. a point is reached when the capillary water no longer 
fills the capillary pores; water then evaporates within the granulation bed 
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and diffuses to the surface as a vapor (13). Thus, regardless of the po- 
tential entry suction (14) increasing with decreasing particle size, the 
amount of migration tends to reach a limit. 


Physical Properties of Granulations-The bulk density, granule 
density, intraparticle porosity, and moisture content of the lactose 
granulations are given in Table VII. The average bulk density was 0.531 
g/cm3 with a range of 0.510-0.554 g/cm3. The average moisture content 
was 3.4% with a range of 3.0-4.1%. 


Although the intraparticle porosity increased with a decreased particle 
size of lactose, the changes in intraparticle porosity did not correlate well 
with the extent of propoxyphene hydrochloride migration in this series 
of granulations. Decreased capillary size and increased contact area with 
decreasing particle size probably are responsible for the observed re- 
sults. 


CONCLUSIONS 


Variations in particle size of the major diluent in wet granulations may 
result in differences in drug content uniformity in different batches of 
granules. Control of particle size of the major diluent can minimize drug 
migration and improve product uniformity in some formulations. 
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Drug Migration during Drying of Tablet Granulations 11: 
Effect of Binder Solution Viscosity and 
Drying Temperature 


J. W. WARREN, Jr.x, and J. C. PRICE 


Abstract The effect of binder solution viscosity and drying temper- 
ature on the intergranular migration of propoxyphene hydrochloride was 
studied. Wet granulations containing the drug were prepared using binder 
solutions with viscosities ranging from 1 to lo00 cps. Temperature studies 
were conducted using granulations prepared with a 3-cps binder solution 
and dried a t  40,50,60,70, and 80”. Drug migration decreased with in- 
creased binder solution viscosity, and insignificant migration occurred 
in granulations prepared with binder solutions having apparent viscosities 
above 90 cps. No significant effect on intergranular drug migration was 
observed within the drying temperature range studied. Tablets com- 
pressed from a granulation in which drug migration was high showed a 
greater tablet-to-tablet drug content variation than a granulation with 
lower migration, even though each dried granulation was thoroughly 
mixed before tableting. 


Keyphrases n Tablets-effect of binder solution viscosity and tem- 
perature on drug migration during drying Viscosity, binder solution- 
effect on drug migration during drying of tablet granulations 0 Drying 
temperature-tablet granulations, effect on drug migration Migration, 
drug-during drying of tablet granulations, effect of binder solution 
viscosity and temperature Dosage forms-tablets, effect of binder 
solution viscosity and temperature on drug migration during drying 


A study of warfarin sodium migration in wet granula- 
tions showed that the addition of 5% acacia and 15% alginic 
acid to a calcium phosphate granulation reduced drug 
migration (1). However, the extent of drug migration was 


not related to binder solution viscosity. Other reports dealt 
with the influence of solvent volume (2) and various 
granulation drying methods (3). The effect of drying 
temperature on intragranular migration of povidone was 
discussed (4), but apparently no investigations have been 
reported concerning the effect of drying temperature on 
intergranular migration. This study concerns the influence 
of binder solution viscosity and drying temperature on the 
extent of intergranular migration of a water-soluble drug, 
propoxyphene hydrochloride. 


EXPERIMENTAL 


The analytical method for the determination of propoxyphene hy- 
drochloride, the drying cell and sampling procedure, the coefficient of 
migration, the uniformity of the granulations, and the reproducibility 
of the granulation and drying procedures were described previously 
(5). 


Materials-Propoxyphene hydrochloride, corn starch, lactose, and 
magnesium stearate were USP grade. Dibasic calcium phosphate, povi- 
done’, and hydroxypropyl methylcellulose2 were NF grade. 


Formulations-Two formulations were used. Formula I contained 
(milligrams per 500-mg tablet): propoxyphene hydrochloride, 32; lactose, 


’ GAF Corp., New York, N.Y. 
Methocel E-15, Dow Chemical Co., Midland, Mich. 
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BOOKS 


REVIEWS 


Introduction to  Pharmaceutical Dosage Forms. By HOWARD C. 
ANSEL. Lea & Febiger, Washington Square, Philadelphia, PA 19106, 
1976.415 pp. 18.5 X 26 cm. Price $22.50. 
In this second edition, the organization and content have been exten- 


sively revised. References have been updated and take into account the 
current literature. The purpose of the book still remains to present to “the 
beginning student introductory concepts of dosage form design, manu- 
facture, and utilization” of drugs, with emphasis given to the drug entities 
listed in the official compendia. By selecting the route of administration 
as the framework, the author has succeeded admirably in meeting this 
purpose. 


The content of the revised edition reflects accurately the changes in 
curricula taking place in schools of pharmacy and in the practice of 
pharmacy. It will enable the student to integrate easily basic scientific 
pharmaceutic concepts with current concepts in patient care, thus pre- 
senting a refreshing view in a basic pharmaceutics textbook. The books 
value is increased by the discussion of such topics as drug standards and 
good manufacturing practices and by the new appendix chapter which 
addresses information vital to the beginning pharmacy student. 


While the author extends his appreciation to many who have cooper- 
ated in this effort, one strong point of the second edition, as of the first, 
is its uniformity ol’style. 


This reviewer feels somewhat disappointed in the complete exclusion 
of a discussion of contact lens solutions, which probably differ in dosage 
form design and use sufficiently from ophthalmic solutions to deserve 
some recognition. Also somewhat disappointing is the all too brief dis- 
cussion of radiopharmaceuticals. Nevertheless, it is easy to recommend 
adoption of this book by those responsible for teaching basic pharma- 
ceutics courses. Furthermore, the book can serve well as a reference source 
for those in industry and research. 


Reuiewed by Peter P. Lamy 
School of Pharmacy 
University of Maryland 
Baltimore, MD 21201 


Dispensing of Medication. 8th Ed. Edited by JOHN E. HOOVER. 
Mack Publishing Co., Easton, PA 18042,1976.654 pp. 18 X 26 cm. 
This book represents a modern approach to the subject as evidenced 


by the omission of many chapters dealing solely with the compounding 
of medications on the industrial level or the type of material presented 
in “Preparations” courses. Most authors have presented information 
concerned not only with the fabrication of dosage forms but also with the 
anatomy and physiology of the body organ systems as well as drug ab- 
sorption from the various sites. This approach is entirely in keeping with 
the announced intention of the editor to “aid the patient-oriented 
pharmacist.” 


Keeping this intent in mind while reading the text reveals a lapse from 
time to time. Thus, while an excellent review of bioavailability is pre- 
sented, one wonders if the dispensing pharmacist who is deeply involved 
in patient care should expect to receive some direct pointers regarding 
bioequivalent evaluation of specific products. The chapter on dermato- 
logicals could have presented a clearer description of the effect of oint- 
ment bases in percutaneous absorption and the extent that the clinical 
symptoms determine the selection of dosage form or base in the treatment 
of dermatologic conditions. One wonders if it is still necessary to belabor 
the “ideal monodisperse” suspension or to cover the subject of pills. 


An excellent balanced approach makes the chapter on parenterals 
useful to both hospital and industrial pharmacists. If the pharmacist is 
to monitor parenteral therapy in a rational manner, as suggested by the 
authors, should not criteria for the use of intravenous administration be 
provided? 


The last chapter, Compounding and Dispensing Information, is over 
300 pages and contains a wealth of information on drug interactions and 
incompatibilities. Unfortunately, a portion of this chapter is not pre- 
sented in a format that allows the reader to utilize this information to the 


best advantage. The last 170 pages of this chapter, entitled Specific 
Compounding and Dispensing Information, is an extremely valuable tool. 
It presents physical-chemical properties of drugs and drug products by 
nonproprietary and/or trade names and gives data including incompa- 
tibilities, stability, choice of bases, information the pharmacist must 
consider when dispensing the drug, and information to be given the pa- 
tient. This type of information should be at  every pharmacist’s finger- 
tips. 


This book represents a valuable addition to the library of the practicing 
pharmacist, especially one who is interested in ensuring that patients 
receive proper and optimal pharmaceutical care. The majority of it is well 
written, concise, and explicit while covering the necessary subjects and 
should serve the student well as a text. 


Reviewed by Noel 0. Nuessle 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64110 


Pharmacognosy. 7th Ed. By VARRO E. TYLER, LYNN R. BRADY, 
and JAMES E. ROBBERS. Lea & Febiger, Washington Square, 
Philadelphia, PA 19106, 1976. 537 pp. 18.5 X 26 cm. Price $21.50. 
This book is a revised and updated edition of the single standard 


textbook for pharmacognosy. It is the only reference suitable for general 
use by students in pharmacognosy in the United States. The unique 
position it holds attests to the usefulness of older editions over the past 
years but precludes comparisons with other books on the same 
subject. 


Most of the book is unchanged from the last edition; new chapters 
mainly represent rearrangement of material (e.g., Steroids and Peptide 
Hormones) taken from other sections. Other chapters have been updated, 
but none is totally rewritten. The drugs included are divided into chapters 
based upon the chemical (e.g., volatile oils and alkaloids) or therapeutic 
category (e.g., antibiotics and immunizing agents) classifications. Three 
chapters at the end contain introductory information on subjects difficult 
to find in other pharmacy books: Allergens, Poisonous Plants, and Pes- 
ticides. 


The book has been revised with the expectation of making it more 
applicable to the “patient-oriented pharmacist.” This approach can be 
detected in the information given regarding cardiac glycosides, in the 
immunization schedule, and in the list of diseases caused by various 
microorganisms. This aspect of the revision could have been expanded, 
because the use given for colchicine is simply “suppressant for gout” and 
the only use listed for caffeine is “central stimulant,” even though the 
caffeine-containing prescription specialties listed are all used as anal- 
gesics. A few misleading statements have remained such as ephedrine 
“depressing . . . cardiac muscle action” and dextrose as a “fluid . . . re- 
plenisher.’’ 


The book is recommended as a textbook for all undergraduate phar- 
macognosy students. 


Reviewed by C. Dwayne Ogzewalla 
College of Pharmacy 
University of Cincinnati 
Cincinnati. OH 45267 


Analytical Profiles of Drug Substances, Vol. 5. Edited by KLAUS 
FLOREY. Academic, 111 Fifth Ave., New York, NY 10003,1976. xi 
+ 560 pp. 16 X 23.5 cm. Price $22.50. 


This is the fifth in a series of compilations under the sponsorship of 
the Pharmaceutical Analysis and Control Section of the APhA Academy 
of Pharmaceutical Sciences. It is the intent of these volumes to make 
available in a single source important information about drug substances 
which is scattered through the scientific literature or which may be filed 
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away in the laboratories of pharmaceutical scientists. Each drug profile 
provides useful information and data in the following general areas: de- 
scription, physical properties, synthesis, stability and degradation, me- 
tabolism, analysis (for the drug substance, in its dosage forms, and in 
biological fluids), pharmacokinetics, and literature references. Physical 
properties include IR, NMR, UV, and mass spectral data, melting point, 
solubility data, crystal properties, and pK values where applicable. An- 
alytical methods encompass titrimetry, chromatography, colorimetry, 
spectrophotometry, elemental analysis, and related techniques. 


Each profile is presented in a well-organized and systematic manner. 
Each is introduced by a table of contents, followed in an orderly sequence 
by individual categories of specifications, and concluded by an extensive 
listing of quoted references. This compendium is printed clearly and is 
replete with tables and graphical presentations. Data are readily located 
and concisely presented with only a minimum of descriptive information. 
Maximum utilization is made of the available space. 


This volume brings to a total of 97 the number of drugs for which 
profiles have thus far been prepared, including the 18 in Volume 5. These 
volumes serve well as companion books to the official compendia by 
presenting a wealth of data that supplement and are not duplicative of 
material found in the compendia. As noted in the Forward to Volume 1 
of this series, the delegates to the 1970 meeting of the United States 
Pharmacopeial Convention adopted a resolution that consideration be 
given to the publication of just such a companion compendium. While 
the USPC did not undertake this project, it is worthy of note that a 
number of contributors to this series, including its esteemed editor, are, 
in fact, members of the USP Committee of Revision. 


In view of the fact that  fewer than 100 drug profiles have appeared in 
the first five volumes of this series, and with the mandate for USP XX 
to include all drugs currently official in USP XIX and NF XIV, all drugs 
added in their annual supplements, some 600 nonofficial drugs selected 
by the outgoing Subcommittee on Scope of the USP a t  its final meeting 
in January 1975, and new drugs marketed since that date, it is obvious 
that pharmaceutical scientists have their work cut out for them. It is 
worth repeating here the editor’s invitation that: “All those who have 
found the profiles useful are earnestly requested to contribute a mono- 
graph of their own. The editors stand ready to receive such contribu- 
tions.” Hopefully, there will be an overwhelming response to this invi- 
tation. 


This burgeoning library of “Analytical Profiles” is a must for all who 
are engaged in pharmaceutical research. 


. 


Reuiewed by Martin I. Blake 
College of Pharmacy 
University of Illinois 
Chicago, I L  60612 


Aromatic and Heteroaromatic Chemistry. Vol. 4. A Specialist Pe- 
riodical Report. Edited by C. w. BIRD, G. w. H. CHEESEMAN, 
et al. The Chemical Society, Burlington House, London W1V OBN, 
England, 1976. 513 pp. 14.5 X 22.5 cm. Price f28.00. 
This volume comprises an in-depth review of the literature abstracted 


between July 1974 and June 1975 and covered by volumes 81 and 82 of 
“Chemical Abstracts.” The organization of the report follows the es- 
tablished pattern of previous volumes. 


There are 14 chapters written by 15 international scientists who are 
specialists in their fields. Most of the chapters include an introduction 
indicating the parameters established by the author(s) and the reviews 
on the subject published during the time period. A particularly helpful 
feature is that all literature citations are included as footnotes on the page 
that contains the abstract, thus eliminating the time consuming and 
thought-interrupting process of turning to the end of the chapter when 
a specific reference is desired. Another helpful feature is a complete au- 
thor index. 


The chapter titles include: Ring Systems of Topical Interest, Inter- 
molecular and Intramolecular Cyclization Reactions in Ring Synthesis, 
Cycloaddition Reactions, Ring Transformations, Electrophilic Substi- 
tution on Carbon, Electrophilic Substitution on Heteroatoms, Nucleo- 
philic Substitution, Aromatic Substitution by Free Radicals, Carbenes 
and Nitrenes, Addition Reactions, Ring Cleavage Reactions, Reactions 
of Substituents, Porphyrins and Related Compounds, Naturally Oc- 
curring Oxygen-ring Compounds, and Other Naturally Occurring Com- 
pounds. The volume comprises 513 pages and includes 2750 literature 
citations. 


The book is well illustrated with many chemical structures and reaction 
mechanisms. These illustrations are numbered sequentially and placed 
in close proximity to their text reference, thus affording a free flowing 
continuity which contributes to the overall excellent readability of the 
material. 


This treatise is an extremely well-organized and readable volume and 
should serve to stimulate fresh approaches in the ever more sophisticated 
areas of aromatic and heteroaromatic synthetic chemistry. I t  is recom- 
mended to all chemists who are actively involved in synthetic organic 
chemistry or who wish to be up to date and informed about research ac- 
tivity in aromatic and heteroaromatic chemistry. 


Reviewed by Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, MA 02115 


Handbook of Analysis of Organic Solvents. By VACLAV SEDIVEC 
and JAN FLEK. Halsted, 605 Third Ave., New York, NY 10016,1976. 
455 pp. 16 X 23.5 cm. Price $42.50. 
Within this volume the authors have compiled an extensive aggregate 


of information concerning the chemical and physical properties and the 
analysis of organic solvents. Following a brief discussion of sampling and 
drying techniques, procedures are described for the determination of the 
physical properties and quantitative identification of unknown samples. 
After a presentation of methods for the analysis of two- and three-com- 
ponent mixtures by physicochemical methods, the basics of GC are de- 
scribed using a general procedure. Relative retention times are given for 
many common solvents using six different stationary phases. 


The second part of the book deals with solvents as individual classes 
of organic compounds. The most frequently encountered solvents are 
described in depth, listing synonyms, chemical properties, usual im- 
purities, and azeotropes. Tables containing extensive physical data are 
included. Detection methods, derivatives, and quantitative procedures 
are described in detail with corresponding literature references. Three 
appendixes covering 80 pages include a listing of the boiling points of 
solvents and their azeotropic mixtures, the major physical properties, 
and an alphabetical listing of universally used trade names. 


This handbook represents a valuable accumulation of a myriad of facts 
and procedures which will be of use to the analyst, the chromatographer, 
and the synthetic organic chemist, all of whom frequently require data 
or techniques to utilize or analyze organic solvents. 


Reviewed by Allen L. Jacobs 
Pharmacy and Analytical Research De- 


partment 
Sandoz, Inc. 
East Hanouer, NJ 07936 


The National Formulary and t.he USP  Guide to Select Drugs. Edited 
by W. M. HELLER, G .  K. WURSTER, C. A. DICKIE, and J. W. 
WHEATLEY. U S .  Pharmacopeial Convention, 12601 Twinbrook 
Parkway, Rockville, MD 20852, 1976. 295 pp. 10 X 14.5 cm. Price 
$3.00. 
This convenient pocket-size book is intended to be a companion to the 


official compendia and the USAN Dictionary and is the first compilation 
of its kind subsequent to the consolidation of the USP and NF. Its pur- 
pose is “to highlight those drugs that should receive attention and be used 
as preferred drugs.” 


The book contains an alphabetical list of both generic and brand names 
of effective and useful drugs, with the preferred drugs in boldface type. 
The entries also contain dosage forms and strength; indication of whether 
prescription, nonprescription, or DEA controlled; and the pharmaco- 
logical classification. In addition, there is a cross-index by therapeutic 
classification. 


This book should be useful as a personal prescribing and dispensing 
guide and as a basic list of preferred drugs for health facilities and various 
organizations. 


Staff Reuiew 
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Kinetics and Mechanisms of Monolayer Interactions IV: 
Surface Activity of Alkanols and Energies of 
Their Interaction with Dipalmitoyllecithin and 
Dipalmitoylphosphatidylethanolamine 


FEDERICO A. VILALLONGAX, EDWARD R. GARRETT, and JOHANNA S. HUNT 


Abstract The free energies of adsorption of the C1 to C14 alkanols a t  
the air-water interface, estimated from plots of the surface pressure (m 
5 5 dynes/cm) against the bulk concentration, were a linear function of 
the chain length for 1-alkanols. From Cs to Cg, the 2- and 3-isomers 
showed lower values than the 1-isomers. The energies of interaction of 
the C1 to C14 alkanols with dipalmitoylphosphatidylethanolamine and 
dipalmitoyllecithin monolayers, previously spread at  the air-water in- 
terface, were estimated from the increase of the surface pressure with 
increasing concentrations of the injected alkanol. The energies of inter- 
action of the C1 to C5 1-alkanols were linear functions of the chain length. 
The energy of interaction per methylene group of the alkyl chain suggests 
that the phospholipid monolayers behaved as ultrathin “oil” phases. The 
2- and 3-isomers presented marked departures from linearity. The lit- 
erature data for reflection coefficients in biomembranes and for partition 
coefficients between olive oil and water, red cell membranes and water, 
and phospholipid liposomes and water for the C1 to Cs alkanols show 
similar linearities with the chain length for the 1-isomers and comparable 
departures for the 2- and 3-isomers. 


Keyphrases ~1 Monolayer interactions-various aliphatic alcohols, free 
energies of adsorption and energies of interaction with phospholipids a t  
air-water interface Alcohols, various aliphatic-free energies of ad- 
sorption and energies of interaction with phospholipid monolayers a t  
air-water interface Phospholipid monolayers-energies of interaction 
with various aliphatic alcohols a t  air-water interface 0 Surface activ- 
ity-various aliphatic alcohols,, energies of interaction with phospholipid 
monolayers a t  air-water interface 


The process of permeation of a solute across the lipid 
regions of biomembranes can be separated (1) into three 
successive events that contribute to the total permeation 
rate: ( a )  adsorption of the hydrated solute at  the lipid- 
water interface, ( b )  dehydration, and (c) diffusion of the 
solute through the lipid region. Monolayers of phospho- 
lipids spread at  the air--water interface are considered to 
be suitable models for the study of the adsorption of so- 
lutes to ordered arrays of lipid molecules (2,3). 


The effect of chain length and the nature of the polar 
group of homologous series of n-alkyl sulfates and n-al- 
kylammonium ions on the energy of their interaction with 
dipalmitoylglycerol, dipalmitoyllecithin, and dipalmi- 
toylphosphatidylethaohnine monolayers were estimated 
recently (2,3) from the variation of the equilibrium surface 
pressure with varying concentrations of subphase-injected 
n-alkyl derivatives on the premise of a collision model and 
a constant entropy factor. 


The present work compares the energies of adsorption 
of alkanols at  a “clean” air-aqueous interface with the 
energies of their interaction with dipalmitoyllecithin (I) 
and dipalmitoylphosphatidylethanolamine (11) mono- 
layers. The implications of these relations on the perme- 
ability of alkanols through biomembranes are discussed. 
A clean interface is defined here as an air-aqueous inter- 
face without any previously spread monolayer. 


EXPERIMENTAL 


Reagents-Dipalmitoyllecithin’ and dipalmitoylphosphatidyletha- 
nolaminel were chromatographically homogeneous by TLC (4,5). The 
purity of the reagent grade alcohols used, methanol2, ethanol3, l-pro- 
pano12, 2-propano14, 1-butano15, 2-butano16, 1-pentano16, 2-pentano16, 
3-pentano16, 1-hexano17, 2-hexanoF, 3-hexano16, 1-octano14, 2-octano17, 
1-decano18, 1-dodecanols, and l-tetradecano1lo, was better than 99.5% 
as tested by GLC. The hexane’O, used to prepare the spreading solutions 
and the distilled water used to prepare the alkanol solutions and as a 
subphase for the monolayers fulfilled the requirements described pre- 
viously (2,3). 


Instruments-A 9-cm diameter polytef dish, provided with two 
identical microburets” and a polytef-coated stirring bar (1.25 X 0.8 cm), 
was used as a trough in a closed system described previously (2,3). Surface 
tension was measured with a Wilhelmy platinum plate (2.5 X 1.25 X 0.01 
cm) attached to an electrobalance12, and the output was fed into a dual- 
pen recorder13. 


Surface Tensions of Alkanol Solutions-The aqueous alkanol so- 
lution was slowly added to the polytef dish so that it just contacted the 
lower end of the positioned platinum plate (6). The surface tension, y, 
was continuously recorded after 1 min, and the equilibrium values, yeq, 
reported here were determined from values that remained constant for 
30 min. The time necessary to reach equilibrium varied with the alcohol 
concentration. The reproducibility of the surface tension measurements 
was within f0.2 dyne/cm. All experiments were performed at  21 f 1’. 


The surface pressure, m, of the alcohol solutions is the difference be- 
tween the previously determined surface tension of the pure water, yo, 
and the equilibrium surface tension, yeq. The surface pressure was fitted 
to a function of the concentration, C (moles per liter), of the alkanol by 
digital computerized nonlinear regression to exponential equations of 
the form: 


where the B, values were adjustable parameters. This equation was 
chosen because the computer fittings of r to polynomial functions of 
concentration were significantly aberrant for experimental points at low 
surface pressures. 


At constant temperature and pressure, the Gibbs adsorption equation 
may be written (7): 


d r  = C rL d r ,  = C r:+l drL (Eq. 2) 


where r is the surface pressure, and T,, r,, and rr l  are the number of 
moles per unit area, the chemical potential, and the surface excess of the 
lth species, respectively. The surface excess, rL l, of an ith species is de- 
fined by (8): 


I 1 


Mann Research Laboratories, Orangeburg, N.Y. 
2 Mallinckrodt Chemical Works, St. Louis, Mo. 
3 W. A. Industrial Chemicals, New York, N.Y. 
4 Fisher Scientific Co., Fair Lawn, N.J. 
5 J. T. Baker Chemical Co., Phiilipsburg, N.J. 
6 Aldrich Chemical Co., Milwaukee, Wis. 
7 Eastman Kodak Co., Rochester, N.Y. 
8 Chemical Samples, Columbus, Ohio. 
9 Supelco, Supelco Park, Bellefonte, Pa. 


10 Matheson, Coleman and Bell, East Rutherford, N.J. 
11 Manostat, New York, N.Y. 
12 Cahn Division, Ventron Instruments Carp., Paramount, Calif. 
13 Leeds and Northrup, North Wales, Pa. 
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Table I-Surface Tensions, y, Energies of Adsorption, AG, and Areas per Molecule, Ao, at the Air-Water Interface 
From Plot of Reciprocal a 


versus A From Plot of a uersus Xp 


y ( Alkanol/Air), AG 7 '40, 
r dyneshm Slope a / X z  kcal/mole r A2/molecuIe Alkanol 


Methanol 
Ethanol 
1-Propanol 
2-Propanol 
1 -Butanol 
2-Butanol 
1,l -Dimethyl- 1-ethanol 
2-Methyl-1-propanol 
1-Pentanol 
2-Pentanol 
3-Pentanol 
1-Hexanol 
2-Hexanol 
3-Hexanol 
1-Octanol 
2-Octanol 


23.5 
22.4 
23.8 
20.7 
24.5 
23.0 


22.1 
24.9 
23.8 
24.4 
25.8 
24.7 
24.0 
27.0 
25.5 


- 


0.9972 
0.9983 
0.9993 
0.9986 
0.9994 
0.9986 


0.9999 
0.9998 
0.9977 
0.9981 
0.9922 
0.9984 
0.9997 
0.9917 
0.9997 


0.9985 


4.65 X lo2 3.59 0.9995 9.7 
1.27 x 103 4.18 0.9961 18.5 
3.96 x 103 4.84 0.9992 19.6 
3.41 x 103 4.75 0.9999 18.5 
1.09 x 104 5.43 0.9999 16.1 
1.00 x 104 5.38 0.9989 26.1 
7.33 x 103 5.20 0.9999 20.2 
1.14 x 104 5.46 0.9999 17.7 
3.98 x 104 6.19 0.9996 i8.7 
3.39 x 104 6.10 0.9992 21.9 
2.34 x 104 5.88 0.9996 21.3 
1.13 x 105 6.80 0.9999 15.7 
9.45 x 104 6.70 0.9999 19.2 
9.00 x 104 6.60 0.9999 9.5 
1.23 X lo6 8.20 0.9998 9.5 
9.51 x 105 8.05 0.9999 14.8 


1-Decanol - 0.9882 1.12 x 107 9.49 - - 
1-Dodecanol - 0.9837 1.32 X lo8 10.93 - - 


where Xi is the mole fraction of the ith component, and the solvent is 
denoted by i = 1. Thus, for a two-component mixture: 


X 
x1 


r21 = r2 - 2 rl (Eq. 4) 


where X2 is the mole fraction of the solute. 


can be reasonably assumed that rpl = r2. 
For a dilute aqueous solution with a single solute (X2/Xi I 0.011, it 


Since the chemical potential is defined as: 


dpz = RT d In a2 = RT d In Cp (Eq. 5) 


where a2 is the activity and Cp is the solute concentration, substitution 
into Eq. 2 gives: 


(Eq. 6) 


where rz is the surface concentration (molecules per square centimeter) 
of the solute, k is the Boltzmann constant (ergs per molecule degree), T 
is the absolute temperature (OK), a is the surface pressure (dynes per 
centimeter), and Cz is the solute concentration (moles per liter) in the 
bulk solution. 


The derivative (dald In CZ) of the exponential equation (Eq. 1) that 
characterized the dependence of the surface pressure on Concentration 
was computed with respect to the logarithm of the solute concentration. 
Substitution of these values into Eq. 5 permitted calculation of the surface 
concentration, rz, at any bulk concentration, Cp. The reciprocal l / r p  = 
A is the apparent area occupied by a molecule in square Angstroms per 
molecule and is the area within which one molecule of solute can be found 
at  the interface. 


Densities of the alcohol solutions for the calculation of mole fractions 
were determined, using 10-ml specific gravity bottles previously cali- 
brated with water. The precision of the weighing was fO.l mg. Densities 
of methanol, ethanol, 1-propanol, 1-butanol, and 1-pentanol solutions 
were obtained from the literature (9). 


Injection beneath Phospholipid Monolayer-With the platinum 
plate and the microburets in position in the previously described appa- 
ratus (2), water was added slowly just to make contact with the lower edge 
of the platinum plate. After recording the surface tension for 1 min, the 
volume was adjusted to 45 cm3. The hexane spreading solution of I or I1 
was delivered dropwise at  the air-water interface with a micro~yringe'~ 
with simultaneous stirring and rapid nitrogen flow to facilitate rapid 
hexane elimination until the desired surface pressure was achieved. In 
all reported experiments, the initial surface pressure of the monolayer 
was 5 f 0.1 dyneshm. 


A given volume of water, equal to the volume of alcohol solution to be 
injected, was withdrawn from the dish by the appropriate microburet. 
The alcohol solution was injected within 30 sec from the other microburet, 
with simultaneous magnetic stirring, into the bulk phase below the sur- 
face. Since no significant differences were observed in the changes in 


l4 Hamilton. 


surface pressure after stirring 1,3,5, or 10 min for a given final alcohol 
concentration, the stirring was halted after 1 min and the surface tension 
was continuously recorded. The criterion of equilibrium was the con- 
stancy (f0.1 dyne/cm) of the surface pressure increment, AT, during 30 
min. The experiments were performed at  21 f 1". 


RESULTS 


Adsorption of Alkanols at a Clean Air-Aqueous Interface-The 
surface tensions of the alkanols (Table I) in the pure state against air 
agreed with the literature (10-14). 


Typical plots of the surface pressure, a, against the logarithm of the 
concentration, C (moles per liter), for some studied alkanols are given 
in Fig. 1. 


The apparent linear slope of the plot of the surface tension, 7,  against 
concentration for very dilute solutions increased by a factor of three for 
each additional methylene group in the alkyl chain of a homologous series 
of aliphatic compounds (15). A simple expression for the free energy 
change was derived (7) from thermodynamic and molecular kinetic 
considerations: 


a 
G a s  = -RT In - 


x*2 
(Eq. 7) 


where AGas is the change in standard free energy associated with the 
adsorption process a t  a clean air-aqueous solution interface, a is the 
surface pressure, and X*p is the activity of the solute. Thus, the numerical 


LOG C, moles/liter 
Figure I-Plots of the surface pressure, a, against the logarithm of the 
bulk concentration, C ,  for alkanols from C1 to Cg. Key: a, I-pentanol; 
b, 2-pentanol; c, 3-pentanol; d, I-butanol; e, 2-butanol; f, 1,I-di- 
methyl-I-ethanol; g, 1-propanol; h, 2-propanol, i, ethanol; and j, 
methanol. The lines drawn through the experimental points were the 
best fit to Eq. I obtained from the computer. 
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Figure 2-Plots of the  surface pressure, K (55 dynes/cm),  against the  
mole fraction, XZ, for methanol (a), ethanol (b), and 1-propanol (c). The  
lines drawn through the experimental points were the best fit to Eq. 1 
obtained from the computer. 


value of AG6s can be calculated from the slope ( d X * z )  of a linear plot 
of the surface pressure against the mole fraction, X Z ,  of the solute in bulk 
solution when X z  - 0 and X z  - X*2 at low mole fractions. 


For all alkanols, plots of the surface pressure against the concentration 
of the alcohol in the bulk solution were reasonably linear in the region 
K 5 5 dynes/cm under the experimental conditions. Typical plots for some 
alkanols are given in Figs. 2 and 3. The correlation coefficients, r ,  the 
slopes, and the estimated values of AG obtained from such plots are given 
in Table I. The plot was also linear in this range for I-hexanol in contrast 
to a previous report (7). 


Plots of the calculated free energies of adsorption, AGas (Eq. 7), against 
the number of carbon atoms in the alkyl chain, C,, are given in Fig. 4. The 
experimental points that corresponded to the primary or 1-alkanols de- 
termined a straight line within the limits of the experimental error (f0.2 
kcal/mole). The numerical values of AGas (Table I) for the 1-alkanols, 
C1 to Cs, were in excellent agreement with the literature (7). The change 
of the position of the hydroxyl group along the hydrocarbon chain pro- 
duced a small, but significant, decrease in the AG value. 


The slope of the plot AG uersus C ,  for the 1-alkanols from C1 to Clz 
was -0.66 kcdmole and agreed with the literature values of from -0.600 
to -0.625 kcal/mole reported for the free energy of adsorption per 
methylene group of a hydrocarbon chain that adsorbs at  the air-aqueous 
solution interface (16-20). The free energy of adsorption of the hydroxyl 
group can be estimated from the intercept on the assumption that the 
extrapolation of the straight line to C, = 0 gives a numerical value related 
to the free energy of adsorption of the polar moiety of the alcohol molecule 
and is -2.87 kcal/mole. 


x ,  x 10- 


Figure 3-Plots o f  the  surface pressure, K ( 5 5  dyneslcm),  against the 
mole fraction, Xz, for: 1-hexanol (a); 3-hexanol (b); I-pentanol (c); 3- 
pentanol (d); and 1-butanol (e). T h e  lines drawn through the experi- 
mental points were the best f i t  to Eq. 1 obtained from the computer. 


1 2 3 4 5 6 7 8 9  
Crl 


Figure 4-Left and lower coordinates: plot of the free energy of ad- 
sorption at the air-aqueous solution interface, AG (kcal/mole), against 
the number of carbon atoms, C,, of alkanols from C1 to  Cg. Right and 
upper coordinates: plot of the free energy of adsorption at the air-water 
interface, AG (ergs per molecule), against the total molecular surface 
area, TSA (square Angstroms per molecule). Key: M ,  methanol; E ,  
ethanol; PR, propanols; B, butanols; PE, pentanols; H ,  hexanols; 0, 
octanols; and tert ,  1,l-dimethyl-1-ethanol. Numbers represent the 
position of the hydroxyl group. 


Interaction of 1-Alkanols with Phospholipid Monolayers-The 
energies of interactions, q, can be estimated from the slopes of the re- 
ciprocals of the equilibrium surface pressures, A?req, after injection against 
the reciprocals of the final concentrations, n (molecules per cubic cen- 
timeter), of the subphase injected alcohol (2,3). Such energies are plotted 
in Fig. 5 against the number of carbon atoms, C,, of the 1-alkanol 
chain. 


The plot was linear from C1 to Cg for both I and 11. Departures from 
linearity were observed for the energy of interaction of 1-hexanol with 
the two phospholipids and for 1-octanol with 11. In the Clo to C14 region, 
the experimental points obtained for both phospholipids were again on 
the straight line determined by the five first members of the 1-alkanol 
series. 


The energies of interaction per methylene group of the injected 1- 
alkanol with the molecules that form the monolayer were calculated from 
the regression coefficient of the best straight line through the experi- 
mental points from C1 to Cs. They were 0.81 and 0.83 kcal/mole/meth- 
ylene for I1 and I monolayers, respectively. The energy of interaction of 
the hydroxyl group was calculated from the intercepts of the straight lines 
based on the previously stated assumption. The values were 0.73 and 0.42 
kcal/mole/methylene for 11 and I, respectively. 


DISCUSSION 


Adsorption of Alkanols at Clean Air-Water Interface-The sur- 
face activity of alkanols arises from the presence in the same molecule 
of a soluble hydroxyl group and an insoluble hydrocarbon chain (21). The 
ratios of the instantaneous slopes of ?r against In Cz at a given C2 and 
temperature for different alkanols are the ratios of the adsorptions, Fz, 
of the solutes a t  the liquid interface (Eq. 5). 


The relatively parallel slopes for higher concentrations of alkanols (Fig. 
1) indicate that the same number of molecules of any of the alkanols is 
adsorbed per unit area of the interface. The relative linearity of the curves 
in this region indicates that the interfacial concentration is not signifi- 
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Figure 5-Plots o f  energies of  adsorption and energies of interactions 
against the number of carbon atoms o f  I-alkanols f rom C1 to C14. Key: 
0, free energy of adsorption at the air-aqueous solution interface; B, 
free energy of adsorption at the petroleum ether-aqueous solution in- 
terface (33); A, energy ofinteraction with II mono1ayers;and @, energy 
of interaction with I monolayers. 


cantly increased when the solution concentration is increased and that 
the adsorbed molecules are too closely packed on the interface to admit 
others after a certain bulk concentration. 


The equation of state (22,23): 


(Eq. 8)  


where ?r is the surface pressure (dynes per centimeter or ergs per square 
centimeter), k is the Boltzmann constant (1.3805 X erg/molecule), 
T is the absolute temperature ( O K ) ,  A is the area per molecule (square 
Angstroms per molecule) at r, and A0 is the limiting area (square Ang- 
stroms per molecule), was tested for all alkanols studied. Table I lists the 
values of the limiting areas, Ao, and the correlation coefficients estimated 
from plots of l/r against A from 30 to 100 A2/molecule, where A = l/r2 
was calculated from Eq. 6. With the exception of methanol, 3-hexanol, 
and 1-octanol, the values of A0 were between 15 and 25 A2/molecule. 
Values of 18.5 A2/molecule were reported previously for ethanol at the 
air-water interface (24,25) and for ethanol, 1-propanol, and I-butanol 
a t  the petroleum ether-water interface (22). 


These values roughly correspond to  the cross-sectional area of an ali- 
phatic hydrocarbon chain. This fact can be taken to mean that, under 
conditions of quasisaturation of the interface, the adsorbed molecules 
are arranged parallel to one another and a t  a steep angle to the inter- 
face. 


The values of A0 found for methanol, 3-hexanol, and 1-octanol were 
roughly one-half of the average A0 values of the other alkanols and may 
suggest an association of those molecules that takes place at the air-water 
interface (7). 


On the assumptions that the alkanol molecules are oriented quasi- 
perpendicular to the plane of the interface and that the stretched hy- 
drocarbon chains are immersed completely in the aqueous phase, the 
volume, V,, of this interfacial region containing the number of molecules 
per square centimeter that corresponds to the surface concentration, rz 
(Eq. 5). can be approximately estimated from the length of the alkanol 
molecule. 


The plots of the concentration of such a thin interfacial region [rz' = 
(1'2/Vs) in moles per liter] estimated from these volumes and from the 
surface concentration (I-2 in molecules per square centimeter) against 
the bulk concentration (C in moles per liter) are given in Fig. 6 for some 
1 -alkanols and indicate that the concentration of the adsorbed alkanols 
in the thin interfacial region (<30 A) could be up to lo3 times greater than 
that of the bulk solutions when equilibrium is attained. 


k T  
( A  - Ao) 
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Figure 6-Plots of  the concentration at the interfacial region, rzt (moles 
per liter), against the  bulk concentration, C (moles per liter), of l-al-  
kanols from C1 to CS. Key: a, octanol; b, hexanol; c, pentanol; d, butanol; 
e, propanol; f, ethanol; and g, methanol. 


The surface activity of alkanols is the result of the hydrophilic-hy- 
drophobic balance between the hydroxyl and the methylene groups, and 
the free energy of adsorption is linearly related to the number of carbon 
atoms, C,, in their hydrocarbon chain (Fig. 4). However, the values for 
2- and 3-alkanols deviate from the linearity of their corresponding 1- 
alkanols and indicate that free energy is also affected by the position of 
the hydroxyl group along the hydrocarbon chain. 


Recent studies (26,27) showed a striking correlation between the sol- 
ubility of alkanols in water and their molecular surface areas, i.e., the 
surface area of the alkanol molecule in the bulk solution around which 
the water molecules can be packed. The group surface area corres onding 
to the hydroxyl group decreased from an average value of 20.2 fi in the 
1-position to 17.3 A2 for the 3-position of the alkanols (27). 


The plot of the free energy of adsorption (ergs per molecule) against 
the total molecular surface area (square Angstroms per molecule) of some 
I-alkanols and their 2- and 3-isomers is compared in Fig. 4 (right and 
upper coordinates) with that of the free energy of adsorption (kilocalories 
per mole) as a function of the number of carbon atoms in the hydrocarbon 
chain. The excellent linearity for all alkanols independent of the hydroxyl 
position indicates that the simultaneous effect of chain length and of 
position of the hydroxyl group on the surface activity of alkanols is best 
described by the total molecular surface area of the alkanol molecule. 


Interaction of Alkanols with Phospholipid Monolayers-Com- 
pound I1 forms a condensed liquid monolayer a t  the air-water interface. 
The surface area that corresponds to each molecule that forms the mo- 
nolayer was 40 f 2 A2 at 5 f 0.1 dynes/cm and 22 f 1' (3). On the as- 
sumption that the stretched molecules were submerged completely in 
the water phase with the phosphatidylethanolamine group parallel to 
the interface, the concentration in this thin (-30 A) crust of water was 
estimated to be 1.4 molesbiter (3). The percentage of water in this in- 
terfacial region estimated from its volume and the volume occupied by 
the phospholipid molecules was 1.9%. It follows that this interfacial region 


0.901 02 
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Figure 7-Plot of 1 - 6 obtained from Ref. 29 against the number of 
carbon atoms of alkanols from C1 to CS. Numbers represent the position 
of the hydroxyl group. Key: tert, 1,l-dimethyl-1-ethanol; and iso, 2- 
methyl- 1 -propand. 
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may be considered to be a predominantly hydrocarbon phase approxi- 
mately 30 8, thick. 


Compound I forms a relatively less condensed liquid monolayer a t  the 
air-water interface. The surface area that corresponds to each molecule 
at 5 dyneshm and 22’ was 55 f 2 Az. On the same assumptions, its con- 
centration in the 30-A crust of water was estimated to be 1.0 mole/liter 
and the percentage of water at the interfacial region was estimated to be 
29.4% (3). 


Plots of the energies of interaction of the injected 1-alkanols with each 
phospholipidic monolayer against the chain length are compared in Fig. 
5 with those of the free energies of adsorption at the clean air-water in- 
terface obtained in the present work and at the clean petroleum ether- 
water interface obtained from the literature (23). 


Up to pentanol, the energy of interaction per methylene group with 
the phospholipid monolayers compares with the free energy of adsorption 
per methylene group at the clean petroleum ether-water interface (0.82 
kcal/mole/methylene) within the limits of the experimental error; ix., 
the slopes in Fig. 5 are parallel up to C, = 5. This finding seems to indicate 
that the phospholipid monolayers behave as ultrathin simple hydrocar- 
bon phases in their interaction with the injected 1-alkanol and also that 
the polar moiety of the phospholipid does not have a major influence on 
the adsorption of the hydrocarbon chain of the 1-alkanols. The energies 
of interaction per hydroxyl group of the 1-alkanols, on the other hand, 
seem to be influenced by the nature of the nonaqueous phase, as indicated 
by the numerical values of the corresponding intercepts: air, 2.84; pe- 
troleum ether, 0.84; II,0.73; and I, 0.42. 


The origin of the sudden discontinuity observed for the values of the 
energies of interactions of 1-hexanol and 1-octanol with I1 and of l-hex- 
an01 with I is as yet unexplained. It was suggested (3) that entropic factors 
associated with the configuration of the molecules at the interfacial region 
do contribute to the energy of interaction. Thus, the simplified as- 
sumption of a common entropy factor (2,3) for such interactions on which 
the calculations of energies were based may be an oversimplification of 
a more complex process. The difference between the experimental value 
of the energy of interaction of 1-hexanol with I1 and the value expected 
from the extrapolation of the straight line through the first five terms 
was 1.65 kcal/mole. If this difference were totally an entropic contribu- 
tion, it would correspond to 5.5 entropic units, which is not an unrea- 
sonable value for entropic changes associated with adsorption and de- 
sorption processes a t  oil-water interfaces (28). 


The experimental points corresponding to the interaction of 1-decanol, 
I-dodecanol, and 1-tetradecanol with the phospholipid monolayers were 
again on the extrapolation of the straight line determined by the first five 
numbers of the 1-alkanol series. Perhaps the increased chain length of 
the Clo to 1-alkanols permits the adoption of configurations to 
compensate for the entropic deviation of the Cg to Ca alkanols. The lat- 
ter’s lengths are optimum for cyclization. 


Correlations with Permeability Processes-“The permeability of 
biological membranes to nonelectrolytes depends intimately upon mo- 
lecular structure, so that a small change in the structure of a solute often 
causes a profound change in its permeating power” (29). Reflection 
coefficients, 6, of alkanols for epithelial cells of rabbit gallbladder were 
measured (29). The reflection coefficient is 1 for an impermeant solute 
and 0 for a solute as permeant as the solvent itself. In general, it decreases 
from 1.0 to 0 with increasing Lipid-water partition coefficients, which 
seems to indicate that the intermolecular forces governing the perme- 
ability of nonelectrolytes are similar to those governing partition between 
a bulk lipid phase and water. For most solutes, the values of (1 - 6) give 
the same permeability sequences as the solute permeability coefficient 
in Nitella (30) and rabbit gallbladder (31) and the partition coefficients 
and reflection coefficients in goldfish bladder, bullfrog gallbladder, 
bullfrog intestine, and guinea pig intestine (32) are well correlated, in- 
dicating that the (1 - 6) parameter is a good measure of permeability for 
nonelectrolyte solutes permeating uia membrane lipids. 


The values of (1 - 6) obtained from Ref. 29 are linearly related to the 
chain length of the primary alkanols from C1 to C5 (Fig. 7). The position 
of the hydroxyl group does affect the permeability of these alkanols. The 
deviation of methanol has been explained by the premise that small polar 
solutes, which should interact the least with the hydrocarbon moiety of 
membrane lipids, must have an alternative route of permeation through 
the localized concentration of membrane polar groups associated with 
“frozen” water molecules (291. The deviation of ethanol. if exoerimentallv 
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Figure 8-Plot of the energy of interaction of alkanols from C1 to  Cs 
with I(a) and I l ib)  monolayers. Numbers represent the position of the 
hydroxyl group. Key: tert, I,l-dimethyl-I-ethanol; and iso, 2-methyl- 
I -propanol. 


the chain length. The nonexistence of “localized” concentrations of polar 
groups associated with frozen water molecules for the phospholipid 
monolayers may explain the absence of anomalies in these plots for 
methanol. Thus, for the 1-alkanols, plots of their energies of interaction 
with the lipid monolayer against the chain length show an acceptable 
correlation with the permeation of these substances across biological 
membranes. 


The different permeation behavior of the 1- and 2-propanols is not 
reflected, within the limits of experimental error, in their energies of 
interaction with the I monolayers. However, with 11, a small significant 
difference between the energies of interaction can be observed. 


2-Butanol and 1,l-dimethyl-1 -ethanol have less permeability than 
1-butanol (Fig. 7), and both have higher permeability (i .e, ,  1 - 6) than 
2-methyl-I-propanol. The directions of the deviations of these alkanols 
from the energy of interaction of 2-butanol with the phospholipid mo- 
nolayers (Fig. 8) do not correlate with the direction of these permeability 
differences. 


3-Pentanol has a lower permeability than 1-pentanol (Fig. 71, consis- 
tent with the fact that the energies of interaction of the pentanols with 
I and I1 monolayers decreased in the sequence 1 - 2 - 3 for the three 
isomers (Fig. 8). 


Presently accepted membrane models (33) postulate the existence of 
lipid regions, formed mainly by phospholipids with a bilayer configura- 
tion, in cell membranes. The experimental model used in the present work 
could represent an external monolayer of the lipid regions of cell mem- 
branes. Thus, it seems plausible that correlations exist between the 
energies of interaction of the I-alkanols with the phospholipid monolayers 
and their permeability across cell membranes. The fact that even the 
effect of the hydroxyl group position of the isomers is reflected in their 
energies of interaction indicates that this experimental model may 
present interesting perspectives for future work with more complex 
molecules. 


Partition coefficients were measured previously between olive oil- 
aqueous solution (30), erythrocyk membrane-aqueous solution (34), and 
dimyristoyllecithin liposomes-aqueous solution (35) for some of the C1 
to C5 alkanols. For dimyristoyllecithin liposomes, the equation: 


significant, is difficult to‘ explain on the premise of the linear relation 
assumed for Fig. 5. 


Plots of the energies of interaction of these alkanols with I and I1 mo- 
nolayers are represented in Fig. 8. No deviation was observed for the 
lowest members of the series as compared with the plots of (1 - 6) against 


AF= -RTlnK (Eq. 9) 


in which R is the universal gas constant, T is the absolute temperature, 
and K is the experimentally measured partition coefficient, was used to 
estimate a aF with the physical meaning (35) of the change in free energy 
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Figure 9-Plot of the free energy of transfer from an aqueous phase to 
a nonaqueous phase against the number of carbon atoms of alkanols 
from C1 to C5. Key: 0, olive oil-aqueous solution, calculated from Ref. 
30; B, red blood cell membrane-aqueous solution, calculated from Ref. 
34; 0, dimyristoyllecithin liposomes-aqueous solution (35); A, I I  mo- 
nolayer-aqueous solution; tert, 1,l-dimethyl-1-ethanol; and iso, 2- 
methyl-1-propanol. Numbers represent the position of the hydroryl 
group. 


of the transfer of 1 mole of solute from a hypothetical aqueous solution 
to a hypothetical lipid solution. 


On the assumptions that the given numerical values of the energies of 
interaction of the C1 to C5 alkanols with the phospholipid monolayer were 
valid (i.e., entropies were invariant among the alkanols) and that the same 
energies were operative under the conditions of the studied partition 
coefficients, the changes in free energies corresponding to the partition 
coefficients of Refs. 30,34, and 35 were calculated (Eq. 9). 


Acceptable correlations were observed between the free energy values 
that correspond to these four different “lipidic phases” and the number 
of carbon atoms of alkanols from C1 to C5 (Fig. 9). The slopes that cor- 
respond to the olive oil-aqueous solution and I1 monolayer-aqueous 
solution interfaces were the same (0.83 and 0.81 kcal/mole/methylene, 
respectively) within the limits of experimental error. The slope for the 
red blood cell membrane-aqueous solution interface was lower (0.65 
kcal/mole/methylene) and may be due to the nonhomogeneous distri- 
bution of the lipids of the cell membrane which permits alternative routes 
of permeation. The slope for the dimyristoyllecithin liposome-aqueous 
solution interface (0.55 kcal/mole/methylene) may be due to  the lax 
structure of the phospholipid monolayer of the liposome. 


These results and correlations may give further insight into the in- 
teraction of biomembranes with approaching molecules. They indicate 
that the energies of interaction of alkanols from C1 to C5 with phospho- 
lipid monolayers spread at  the air-water interface may be taken as a 
criterion to predict their relative behavior in the permeation process 
across cell membranes. 
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The coprecipitates of Drug B with the salt of cholic acid increased 
toxicity, while coprecipitates with sodium glycocholate were the most 
toxic. Cholic acid and its salts may have increased the drug solubility by 
micellar effects and thus showed better absorption. This type of effect 
is well documented (17). 


For Drug B, which was stable in alkaline medium, the coprecipitate 
with sodium glycocholate was more toxic than the physical admixture. 
This result indicates that a molecular dispersion was obtained and was 
absorbed more readily than the physical admixture. Thus, the copreci- 
pitate formulation containing sodium glycocholate would be considered 
a formula of choice for further development work. 


The excipients used in the formulations of both drugs administered 
individually had little effect on the LDb0 values in the maximum amount 
used in the formulation and, therefore, did not contribute to the toxicity 
(Table VI). 


CONCLUSION 


The LD50 procedure can estimate relative absorption rate differences 
between formulations of drugs with very low solubility. The most phar- 
maceutically acceptable formulations in this study were the povidone 
coprecipitate with Drug A and the sodium glycocholate coprecipitate with 
Drug B. 


In the design of future drug delivery systems, a formulation with an 
optimum availability rate would be necessary for an acceptable phar- 
maceutical product. The relatively inexpensive LD50 studies can be a 
practical rapid method of achieving comparative ratings of drug formu- 
lations. 
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Bunolol Metabolism by Dogs: 
Identification of Basic Metabolites and Their Conjugates 


FRANZ-JOSEF LEINWEBER *§, R. CLIVE GREENOUGH $7, and 
FREDERICK J. DI CARL0 *x 


Abstract Female beagles dosed once with encapsulated 14C-bunolol 
(10 mg/kg) excreted 61% of the isotope in urine in 24 hr. The pooled urine 
contained a minimum of 18 labeled compounds. Two previously unknown 
metabolites were purified and were identified by UV and mass spectral 
data; they were hydroxybunolol (10.1% of urinary radioactivity) and 
hydroxydihydrobunolo1(9.8%). The urine also contained bunolol(O.7% 
of urinary carbon-14), dihydrobunolol(O.5%), conjugated dihydrobunolol 
(2.8%), ~-(5-oxytetralonyl)lactic acid (16.3%), and (5-oxytetra1onyl)acetic 
acid (7.1%). 


Keyphrases 0 Bunolol-metabolites and conjugates identified, dog 
urine Metabolism-bunolol in dogs, metabolites and conjugates 
identified in urine Antiadrenergic agents-bunolol, metabolism in 
dogs, metabolites and conjugates identified in urine 


Bunolol [d l -  5- [3-( tert- butylamino) -2-hydroxypro- 
poxy]-3,4-dihydro-l(2H)-naphthalenone hydrochloride] 
(I) is a potent 6-adrenoceptor blocking agent (1-3). Pre- 
vious studies showed that I was absorbed rapidly by dogs 
(4) and biotransformed extensively to acidic metabolites 
(5). Additionally, I was reduced to a secondary alcohol by 
human cadaver liver (6), human and rat erythrocytes, and 
liver and extrahepatic tissues (7). 


The secondary alcohol, dihydrobunolol (11), is an in- 
teresting metabolite because it is a P-adrenergic blocking 
agent with approximately the same potency as I (6). The 
present report describes the identification and quantifi- 
cation of I1 and previously unidentified basic metabolites 
in the urine of dogs dosed with 14C-labeled bunolol. 


EXPERIMENTAL 


14C-Labeled Bunolol-Bunolol labeled on the 1-carbonyl was syn- 
thesized (8). The preparation was 99.0% pure, both chemically and ra- 
diochemically, as judged by TLC; it had a specific activity of 4.90 mCi/ 
g. 


Radioactivity Counting-Quantitative assays for carbon-14 were 
performed using a liquid scintillation spectrometer’. The external 
standardization method was used for quench corrections. 


TLC-Chromatograms for analytical purposes were run on 5 X 20-cm 
glass plates coated with 250 pm of silica gel G bound with calcium sulfate2. 
For preparative efforts, 20 X 20-cm plates were used they were prewashed 
by one development in methanol, dried in air, and heated for 1 hr a t  looo. 


Packard Tri-Carb model 3320. * Analtech. 
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Figure 1-Separation of bunolol and its metabolites and analogs on 
a dextran column (1.5 X 83 cm) .  Separate runs were made using the 
following amounts: 3 pmoles each of I (a), I1 (m), and V (A); 3.6 pmoles 
of I4C-labeled 111 (0); 1 pmole of ''C-labeled I V f r o m  unconjugated 
fraction (0); and 2.3 pmoles of 14C-labeled IV f rom conjugated fraction 
(*). The peak at 73 ml was drawn only for the values of  unconjugatecr 
IV. 
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The solvent systems used were: A, ethanol-15 N ammonium hydrox- 
ide-distilled water (12:1:7); B, 1-butanol-15 N ammonium hydroxide- 
distilled water (41:3, upper phase); C, 1-butanol-acetic acid-ether- 
distilled water (9:631); D, 1-butanol-acetic acid-ether-distilled water 
(63:9:1); E, chloroform-acetic acid-methanol (15:1:4); and F, ethyl ac- 
etate-15 N ammonium hydroxide-ethanol-distilled water (41:1:2, upper 
phase). 


One-dimensional chromatograms were scanned for radioactivity with 
a radiochromatogram scanner3. The area under each peak was deter- 
mined with a compensating polar planimeter4. In this manner, Rf values 
and relative amounts of each metabolite were determined. Radioactivity 
on preparative chromatograms was located with a two-dimensional 
scanner fitted with a dot printer5. Radioactive bands were scraped from 
the plates, and the metabolites were eluted with methanol. The estima- 
tion of the quantities of metabolites isolated is based on a calculated value 
of 1813 dpmlpg of administered 14C-bunolol. 


Phenolic compounds were detected on TLC plates by spraying with 
ferricyanide-ferric chloride solution (9); this test permits detection of 
0.1 rg of 8-hydroxybunolol. 


Mass and UV Spectrometry-Mass spectra were obtained with a 
double-focusing mass spectrometer using a heated direct insertion probe6. 
The accelerating potential was 8 kv, the ionizing voltage was 60 v, and 
the trap current was 100 pamp. Hydroxybunolol(II1) was run at  a probe 
temperature of 75'; 120' was used for hydroxydihydrobunolol (IV). Exact 
mass determination was done by the peak matching technique using 
perfluorokerosene as a reference. UV spectra were recorded7. The solvent 
for all compounds was methanol. 


Protocol-Twenty-milligram portions of 14C-bunolol were weighed 
into gelatin capsules, and enough carrier bunolol was added to provide 
10-mg/kg doses. The capsules were administered to female beagles 
weighing 11.5 (Dog l), 11.5 (Dog 2),13.0 (Dog 3), and 10.0 (Dog 4) kg. The 
dogs had free access to food and water. Urine collected from 0 to 24 hr 
from each dog was kept frozen until needed. The 0-24-hr urine samples 
from Dogs 1-3 were pooled before investigation and were identical with 
those used to determine the extent of bunolol excretion (4). 


Dog 4 was given two additional identical doses of 14C-bunolol 8 and 
15 days after the first dose. Urine was collected for 24 hr following each 
dose. The three urine collections contained 47.6,58.7, and 59.4% of the 
radioactivity of the respective doses. These urine collections, totaling 1050 
ml, were pooled and stored frozen. 


Recovery of Reference I-IV from Urine of Untreated Dogs-To 
determine the stability of bunolol and its basic metabolites during iso- 


0 1 ,  l ~ l ~ i [ i ~ i ~  


240 250 280 300 320 340 
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Figure 2-Uvabsorption spectra of urinary I I I  ( A ,  108 p M ) ,  urinary 
IV  (B, 348 pM),  and nadolol (C, 300 a). Each compound was dissolved 
i n  methanol. 


lation, 50 pg of each radioactive compound in 50 pl of methanol was added 
to a separate 10-ml portion of urine from an untreated dog. After adding 
1 ml of ether to each solution, air was passed over the surface for 4 hr to 
simulate the operation designed to free urine of residual ether. 


Each urine specimen was extracted six times with ether, and the ex- 
tracts were concentrated. Comparative TLC in Solvent E was performed 
on the ether concentrates and on solutions of the four reference com- 
pounds. Radiochromatogram scanning showed that no decomposition 
resulted from exposure to air under these experimental conditions. 


Fractionation of Unconjugated Labeled Bases-The pooled urine 
(1050 ml) from Dog 4, containing 165-mg equivalents of bunolol, was 
adjusted to pH 2 and extracted 10 times with 500-ml volumes of ether. 
The pH of the aqueous phase was brought to 10, and 12 extractions with 
500 ml each of ether were performed. The pooled ether extract obtained 
at  pH 10 contained 30-mg equivalents of bunolol. 


After the volume was reduced to 2 ml, the solution was chromato- 
graphed on a 1.5 X 83-cm dextran columns, prepared and operated in 20 
mM sodium phosphate buffer a t  pH 7.0. [The column had been precali- 
brated by separate successive applications of 3 pmoles each of I hydro- 
chloride, I1 oxalate, and 8-hydroxybunolol (V) hydrochloride and by 
monitoring the effluent at 255 nm for I and V and at 272 nm for 11.1 The 
urine extract of unconjugated bases yielded two radioactive fractions. 
One was the column effluent from 65 to 80 ml, and the other was the ef- 
fluent from 80 to 105 ml. 


Isolation of Unconjugated IV-The fraction eluted from the dextran 
column from 65 to 80 ml was lyophilized, and the residue was extracted 
with methanol. The extracts were reduced to 0.2 ml, and the concentrate 
was streaked onto two 20 X 20-cm TLC plates. After development in 
Solvent E, the plates were air dried and the radioactivity was located by 
two-dimensional scanning. A single radioactive band at Rf  0.37 was 
scraped from the plates and eluted with methanol. The volume of the 
methanol extract was reduced to 0.2 ml, and the concentrate was streaked 
onto a 20 X 20-cm plate. After development in Solvent B, two-dimen- 
sional scanning revealed a single radioactive band at R, 0.65. 


The plate was cut 46 mm above the origin, and the lower section of the 
plate was discarded. The upper section now contained the radioactive 
band 25 mm above the lower edge. This section was developed a second 
time in Solvent B. with the solvent front moving in the same direction 
as during the first'development. The second development improved the 
separation of the radioactivity from a nonradioactive band visible under 
UV light. A band containing radioactive material (22 mm wide) was lo- Packard model 7201. 


AEI Scientific MS902C. 


4 Keuffel and Esser. 
5 Varian-Berthold. 


7 Beckman DU spectrophotometer. 8 Sephadex G-10. 
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Table I-Structure$ and R f  Values of Bunolol and Its Urinary Metabolites and Analogsb R, R, 


Rf Values in SolventC 


Compound R, R, R3 R, R* Rx A B C D E F 


I =O H H H H C(CH,), 0.78 0.71 0.31 0.38 0.53 0.43 
“C-IIId =O H H OHe H C(CH,), 0.75 0.67 0.27 0.24 0.40 0.34 
“C-IVd OH H H OHe H 0.75 0.64 0.30 0.24 0.33 0.21 
“C-IId OH H H H H ElEgfk 0.80 0.73 0.40 0.33 0.46 0.41 


~~ 


117 -~ OH H H H H $gCi)i 0.80 0.74 0.39 0.32 0.45 0.40 
Vf =O H H H OH 0.79 0.70 0.31 0.37 0.53 0.43 
VIf =O H H H H H 0.76 0.46 0.28 0.24 0.20 0.16 
Nadolol H OH OH H H C(CH,), 0.70 0.57 0.27 0.20 0.25 0.16 


a Subscripts for substituents are numbered according to the system for the carbon atoms in the tetralone ring system. b Approximately 10 pg of 
each compound was applied to each TLC plate. CUnwashed plates were used. Some Rfvalues were changed by prewashing with methanol. dPure iso- 
late from the unconjugated basic fraction. e The hydroxyl group probably is in this position, but  conclusive structural proof is lacking. f Synthetic. 


cated 65 mm above the cut lower edge of the plate. Following scraping, 
the radioactivity was eluted with methanol. 


The eluate was concentrated to 0.2 ml, and the concentrate was purified 
by preparative TLC in Solvent F. The metabolite was obtained from a 
12-mm wide band at R, 0.27 by scraping and eluting with methanol. The 
methanol solution was concentrated to 0.2 ml, and 2 ml of chloroform was 
added. The metabolite solution was purified by passage over a 4 X 6-mm 
column of diatomaceous earth9. After removal of the solvent, the sample 
weighed 3.8 mg; the calculated weight based on the radioactivity of bu- 
nolol was 2.1 mg. 


Isolation of Unconjugated 111-The fraction eluted from the dextran 
column from 80 to 105 ml was lyophilized, and the residue was extracted 
with methanol. The extracts were concentrated to approximately 0.3 ml. 
The concentrate containing 11-mg equivalents of bunolol was chroma- 
tographed in Solvent E using seven prewashed 20 X 20-cm TLC plates. 
The major radioactive peak at Rf 0.48 was scraped and eluted with 
methanol. The volume of the methanol extract was reduced to approxi- 
mately 0.2 ml, and the concentrate was chromatographed in Solvent D 
on four 20 X 20-cm TLC plates. 


A radioactive band at R, 0.29 represented 74% of the radiaactivity on 
the plate; the balance of the isotope was at  Rf  0.41. For further purifica- 
tion, the radioactive band at R, 0.29 was scraped from the plates and 
eluted with methanol. The methanol was concentrated to 0.5 ml and then 
passed over a 1 X 54-cm dextran columnlo equilibrated with methanol. 
A radioactive peak emerged from 29 to 31.6 ml. After evaporation of the 
methanol, the residue weighed 3.4 mg; the calculated weight based on 
the radioactivity of bunolol was 2.4 mg. 


Isolation of Unconjugated 11-The radioactive band at  R, 0.41 was 
eluted with methanol. Solvent evaporation left a residue weighing 30 mg, 
whereas the carbon-14 content corresponded to only 1.3 mg of bunolol. 
The material was purified by rechromatography in Solvent B and elution 
of the band at Rf 0.71 with methanol. After solvent removal, the residue 
weighed 1.7 mg; its radioactivity corresponded to 0.83 mg of bunolol. 


Isolation of I1 and IV after Enzymic Hydrolysis-A 368-ml aliquot 
of pooled urine from Dogs 1-3, containing 55-1ng equivalents of bunolol, 
was extracted repeatedly at pH 1.8 and 10.5 with ether to remove un- 
conjugated bunolol metabolites. The pH was brought to 6.5, and air was 
blown over the solution for 4 hr to remove residual ether. For each 100 
ml of urine, 0.2 ml of a preparation of aryl sulfatase-P-glucuronidase” 
was added. The amounts corresponded to 0.6 international unit of aryl 
sulfatase and 1.2 international units of 0-glucuronidase. 


After incubation at  37O for 15 hr, another 0.2 ml of enzyme solution 
was added and incubation was resumed for 7 hr. Then deconjugated acids 
were removed by three extractions at  pH 1.8 with ether. Bases were col- 
lected by four ether extractions at pH 10.5; radioactivity counting showed 
the presence of 8.6-mg equivalents of bunolol. The solution of bases was 
taken almost to dryness and chromatographed in Solvent E on 10 TLC 
plates. The two radioactive bands were eluted repeatedly with 10-ml 
portions of methanol. 


Hyflo Supercel Celite. 


Calbiochem. 
10 Sephadex LH-20. 
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The eluate of the slower moving material was purified further by 
preparative TLC in Solvent B on 12 TLC plates. The radioactive bands 
were eluted and contained carbon-14 equivalent to 1.3 mg of bunolol. This 
fraction represented IV. The fraction obtained by elution of the faster 
moving band was rechromatographed on nine plates in Solvent B, and 
elution yielded 1.3-mg equivalents of 11. 


Determination of Quantities of Metabolites in  Urine-All quan- 
tification experiments were conducted with urine pooled from Dogs 1-3. 
The amounts of metabolites in pooled urine were estimated by a sequence 
of fractionation steps. Conjugated bases were enzymatically hydrolyzed 
after ether extraction of the unconjugated bases. Following separation 
in Solvent E, the radioactive bands were collected by scraping the silica 
gel containing the radioactive metabolites off the plate, extracting the 
scraping5 four or five times with 1- or 2-ml portions of methanol, and 
concentrating the pooled methanol fractions to 0.1 or 0.2 ml. After de- 
tection of the major peak by radioscanning, its relative quantities were 
determined by planimetry. The amount of each urinary metabolite was 
calculated by multiplying the percentage of the dose in the urine by the 


1 2 3 4 5 6 
NUMBER OF EXTRACTIONS 


Figure %--Ether extraction of I (O), 2.7 pmoles; I I  (A), 2.0 pmoles; and 
IV ( O ) ,  2.3 pmoles, from aqueous solution. Each aqueous solution (16 
ml)  was extracted at p H  10 each time with 8 ml of ether. 







Table 11-UV Absorption Maxima and Molar Absorptivities of 
Synthetic Bunolol, Nadolol, and Unconjugated and 
Deconjugated Basic Bunolol Metabolites 


UV Absorption Molar 
Compound Peak, nm Absorptivity" 


I 


V 
Nadolol 


111 


I1 


I1 (deconjugated) 


IV 


IVb 


253 
310 
260 
270 
277 
253 
308 
27 1 
279 
27 1 
279 
272 
278 
272 


9000 
2400 
8210 
1080 
1060 
8800 
2740 
2450 
2380 
2210 
2080 
1810 
1760 
2550 


The absorption coefficients of I, V, and nadolol were determined from weighed 
samples. Coefficients for the other compounds were estimated from the carbon-14 
content of solutions. From deconjugated fraction. 


percentage of the dose in the ether fraction and by the percentages of the 
metabolite found on each successive TLC plate. 


Unconjugated I11 and IV were assayed in the same urine aliquot (32 
ml of the total pool of 805 ml). The specimens were extracted five times 
at pH 1.8 with two volumes of ether. The aqueous phase pH was brought 
to 10.5, and the solution was extracted with ether to collect the uncon- 
jugated bases. The latter ether extract was reduced to -0.2 ml and 
chromatographed on 20 X 20-cm plates in Solvent E. The radioactivity 
at Rf  0.43 represented 111, and the radioactivity at Rf 0.33 represented 
IV. Compound I11 was collected, eluted, and chromatographed succes- 
sively in Solvents C and B. Compound IV was assayed independently by 
successive TLC in Solvents B and C. 


Unconjugated I1 was assayed similarly using a 22-ml aliquot of the 
pooled urine. Since synthetic I1 was available, it was chromatographed 
in parallel with the urinary metabolite and located in TLC plates by ex- 


Table 111-Recovery of Bunolol Metabolites a t  Major Stages 
of Purification from Pooled 0-24-hr Urine of Dogs Dosed 
with 14C-Bunolol (10 mg/kg PO) 


Percent 
of 


Metab- Preceding 
olite Purification Step Step 


I1 


I11 


IV 


I1 (decon- 
jugated) 


IV' 


VI 


{Jnfractionated urine 61.2" 
Ether extract, PH 10 24.6 
Eluate a t  Rf 0.57 from TLC, Solvent E 52.4 


4.7 
Eluate a t  R, 0.73 from TLC. Solvent B 81.6 
Eluate a t  Rf 0.54 from TLC, Solvent C 


Unfractionhed urine 61.2" 
Ether extract, pH 10 24.6 
Eluate a t  Rf  0.43 from TLC, Solvent E 60.7 
Eluate at Rf 0.29 from TLC, Solvent C 83.5 


81.0 
Unfractionated urine 61,Z" 
Ether extract, pH 10 24.6 
Eluate a t  Rf 0.22 from TLC, Solvent E 29.6 
Eluate a t  Rf 0.50 from TLC, Solvent B 88.2 
Eluate a t  R, 0.32 from TLC, Solvent C 98.0 
Unfractionated urine 61.2" 


Eluate at Rf 0.65 from TLC, Solvent B 


Ether extract, pH lob 7.8 
Eluate a t  Rf 0.43 from TLC, Solvent E 45.6 
Eluate a t  Rf 0.53 from TLC, Solvent C 77.6 
Eluate a t  R; 0.83 from TLC; Solvent A 100 
Unfractionhed urine 
Ether extract. DH l o b  


61.2a 
7.8 


Eluate a t  R, 0.i3 from TLC, Solvent E 
Eluate at Rf 0.35 from TLC, Solvent C 
Eluate a t  Rf 0.78 from TLC, Solvent A 


50.8 
94.1 
92.0 


Unfractionated urine 61.2" 
Ether extract, pH 10 26.6 
Eluate a t  Rf 0.16 from TLC, Solvent E 
Eluate a t  Rj 0.28 from TLC, Solvent C 24.1 


11.0 


0.46 


Eluate at Rf 0.40 from TLC, Solvent B 
0 Percent of total dose excreted. Preceded by aryl sulfatase-glucuronidase 


treatment. From deconjugated fraction. 


pooled urine (54.9% of dose) 


PH 2. ether 1 


free acids (19.1% of dose) aqueous phase 


PH 10. ether 


free bases aqueous phase: 


dextran column (27.1% of dose) 
polar metabolites 


t t t 
65-80 ml 80-105 ml 105-140 ml: 


bunolol plus additional 
metabolites (4.6% of I IY ophilize I dose) 


1 lyophilize 1 
reparative TLC, preparative TLC, 
olvent E; elute Solvent E; elute 


at Rf 0.50 
g 
a t  Rf 0.37 


reparative TLC, g olvent B; elute 
a t  Rf 0.65 


I 


preparative TLC. 
Solvent D 


preparative TLC, elute a t  Rf 0.29: elute a t  Rf 0.41: 


at Rf 0.27: I11 (2.3% of dose) I1 (0.96% of dose) 


IV (0.89% of dose) 
Scheme I 


posure to iodine vapor. The sequence of developing solvents employed 
was E, C, and B. 


The quantities of basic metabolites extracted after enzyme hydrolysis 
were determined from a 100-ml aliquot of urine. After extracting un- 
conjugated acids and bases at pH 1.8 and 10.5 with ether and evaporating 
residual solvent, the pH was adjusted to 6.6 for incubation with aryl 
sulfatase-0-glucuronidase as described. An ether extract containing both 
deconjugated bases was chromatographed in Solvent E. The slower 
moving radioactive band contained IV, which was eluted and rechro- 
matographed sequentially in Solvents C and A. The faster moving band 
contained 11, which was eluted and also rechromatographed in Solvents 
C and A. 


Attempt to Identify Des- tert-butylbunolol (VI) in Urine-A 68-ml 
aliquot of pooled urine was extracted thoroughly with ether to remove 
acids a t  pH 1.8 and bases a t  pH 10.5. The extract of bases was concen- 
trated to 0.3 ml and then streaked onto several 20 X 20-cm TLC plates. 
Synthetic VI was spotted on both sides of the urine extract, and the plates 
were developed in Solvent E. 


Each plate had three major bands of radioactivity; none corresponded 
to the synthetic amine. The small quantity of radioactivity at the R, value 
of the reference compound was scraped from the plates, eluted, and re- 
chromatographed in Solvent C in parallel with the authentic compound. 
The process was repeated with Solvent B. 


RESULTS 


Figure 1 shows that I, 11, IV, and V are separable by adsorption chro- 
matography using a dextran'o column. Scheme I shows how this resolu- 
tion capability was employed to isolate 11-IV from the urine of Dog 4 
(which received three doses of 1%-bunolol). Scheme I1 shows the mass 
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spectral fragmentation patterns of 111 and IV, metabolites previously 
discussed (4) and now identified for the first time. The UV spectra of 
these metabolites are compared with the nadolol spectrum in Fig. 2. The 
positional isomers, nadolol and IV (Table I), have similar spectra (Table 
11), a finding that supports the identification of the metabolite by in- 
terpreting mass spectral data. The spectrum of I11 is very similar to that 
of bunolol (Table 11). 


Table I presents the structures and Rf  values in six solvents of the 
reference compounds used in this study and of purified bunolol metab- 
olites from dog urine. Table I1 lists the UV absorption maxima and the 
molar absorption coefficients of bunolol, nadolol, and unconjugated and 
deconjugated basic bunolol metabolites isolated from dog urine. 


Table I11 is a condensation of quantitative estimates a t  the major steps 
involved in the purification of unconjugated 11-IV and of I1 and IV after 
enzyme hydrolysis. Table I11 also shows that the total urinary excretion 
of the label in 24 hr was 61.2% of the administered dose and that VI could 
not be isolated from dog urine. 


The fractionation and chromatography studies showed that the pooled 
urine of Dogs 1-3 contained at  least 18 isotopically labeled compounds. 
The major fractions were four unconjugated acids that accounted for 
22.5% of the dose, three unconjugated bases (14.7% of dose), and an un- 
known number of unclassified polar metabolites (14.2% of dose). The 
minor fractions consisted of six conjugated acids (2.8% of dose) and four 
conjugated bases (7.0% of dose). 


Table IV further illustrates the extensive biotransformation of bunolol 
in the dog. Seven compounds represented 47% of the urinary radioac- 
tivity, and two acidic metabolites, ~-(5-oxytetralonyl)lactic acid (VII) 
and (5-oxytetralony1)acetic acid (VIII), accounted for almost half of the 
material identified. The balance consisted of unconjugated and conju- 
gated bases. Compounds I-IV were found in unconjugated form, and 
conjugated I1 was also present. Although IV was extracted after enzyme 
hydrolysis (Table III), this material was assigned to the unconjugated 
base. This assignment was based upon an extraction study that indicated 
that IV, collected after enzyme treatment, represented carryover from 
the unconjugated fraction. Briefly, the extraction experiments with pure 
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Scheme III 


compounds in aqueous solutions at pH 10 showed that six ether extrac- 
tions removed only 20% of IV whereas only three extractions removed 
a t  least 96% of I and I1 (Fig. 3). 


DISCUSSION 


The pathways proposed for bunolol biotransformation in the dog are 
illustrated in Scheme 111. Reductive as well as oxidative reactions are 
involved. The acidic metabolites were described earlier (5). The present 
study supports the depicted oxidation of the side chain to yield tert- 
butylamine rather than desalkylbunolol because the latter compound 
could not be detected in dog urine. This experimental observation and 
interpretation are consistent with the literature showing that the tert- 
butyl group is refractory to N-dealkylation (10 , l l ) .  


The presence of I1 in dog urine was mentioned previously (6), but its 
extensive conjugation was unknown. Compound I11 is a newly identified 
metabolite. Although synthetic work is needed for assignment of the 
position of the hydroxyl group, i t  is clear that the radical is in the satu- 
rated ring because the metabolite did not respond to the phenol spray 
test (9) whereas reference compound 8-hydroxybunolol (V) gave a strong 
color reaction. The hydroxylated metabolite was also readily distin- 


OH 
m/e 294 Table IV-Quantities of Identified Labeled Compounds in 


Pooled Urine in Dogs 1-3 


1 
m/e 86 OH 


I +  
OCH,CHCH,NH=C(CH,), 
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Scheme I I  


Percent of 


Compound of Dose Carbon-14 
Percent Urinary 


I" 
111" 
I1 
I1 (conjugated) 
IV 


V I I O  
VIII* 


Total 


0.4 
6.2 
0.3 
1.7 
6.0 


10.0 
4.3 


28.9 


0.7 
10.1 
0.5 
2.8 
9.8 


16.3 
7.1 


47.3 


a No conjugate detected. 
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guishable from the synthetic hydroxyl compound by dextran adsorption 
chromatography (Fig. 1) and by migration in Solvents D-F (Table I). 
Compound V could not be detected as a metabolite. 


Another newly identified metabolite is unconjugated IV. It is assumed 
tentatively that the second ring hydroxyl group is in the same position 
as in 111 and that the diol metabolite may be formed from this interme- 
diate and from 11. 


One cannot be certain about the oxidation of I1 or IV i n  uiuo. Never- 
theless, these conversions are postulated in Scheme 111 because I1 was 
oxidized readily i n  uitro by human and rat erythrocytes (7). In view of 
the P-adrenoceptor blocking activity of both I and I1 (6), it seems rea- 
sonable to speculate that I11 and IV are active metabolites and, therefore, 
to consider that I is not only an active compound but a prodrug which 
is converted to three active metabolites. 
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Effects of Adenine Nucleotides on Oxidation of 
P henothiazine Tranquilizers 


IRA BLEI 


Abstract The effects of adenosine diphosphate and triphosphate on 
the periodic acid oxidation of the phenothiazine tranquilizing drugs were 
studied. The principal effect was a marked reduction in the rate of for- 
mation and decay of the drug free radical. The oxidation rates of the 
nucleotide free drugs seemed to be most strongly influenced by the in- 
ductive effects of substituents at the 2-position of the phenothiazine 
nucleus. However, the oxidation rates of the drugs in the presence of 
nucleotide were most strongly influenced by the substituents a t  the 
10-position. Variations of the structure of substituents at the 10-position 
have only a modest effect on the electronic state of the phenothiazine 
nucleus. Therefore, the marked effect of structural variation in the 10- 
substituents in the presence of nucleotide on the periodate oxidation rate 
most likely is an expression of steric effects related to an interaction be- 
tween drug and nucleotide. 


Keyphrases Adenosine diphosphate and triphosphate-effect on 
periodic acid oxidation of various phenothiazines 0 Phenothiazines, 
various-periodic acid oxidation, effect of adenosine diphosphate and 
triphosphate Oxidation-various phenothiazines by periodic acid, 
effect of adenosine diphosphate and triphosphate 0 Nucleotides- 
adenosine diphosphate and triphosphate, effect on periodic acid oxidation 
of various phenothiazines 0 Tranquilizers-various phenothiazines, 
periodic acid oxidation, effect of adenosine diphosphate and triphos- 
phate 


This study was based on an effect observed during a 
fluorescence quenching study of chlorpromazine (1)- 
adenosine triphosphate (11) complex formation, previously 
studied by surface chemical methods (1) and later verified 
by spectroscopic techniques (2). In the presence of nu- 
cleotides, the phenothiazine drug oxidation rates caused 
by UV irradiation were markedly reduced compared with 


nucleotide free drug systems. It was felt that a study of this 
effect might reveal useful details regarding the nucleo- 
tide-drug interaction. The general objective of this work 
was not to obtain absolute rate constants or other kinetic 
parameters but rather to obtain relative reaction rates 
from oxidation systems identical with respect to all vari- 
ables except for structural variations of a group of phe- 
nothiazine tranquilizing drugs. 


EXPERIMENTAL 


Qualitative and quantitative analyses for phenothiazine free radicals 
were performed principally by spectrophotometry. The identity of the 
free radical was verified by parallel electron spin resonance measurements 
(3). The products of oxidation were characterized by TLC, spot tests (4), 
and UV-visible spectrophotometry (5). 


To use spectrophotometry for quantitative analysis, the initial drug 
concentration had to be about 1 X M. The system then had to be 
poised with respect to both nucleotide and oxidant concentrations. The 
nucleotide concentration was made high enough to assure maximal free 
radical formation. The periodic acid concentration was not too low so that 
too small a fraction of drug would be converted to semiquinone nor too 
high so that the reaction would proceed too rapidly for adequate quan- 
titation. A typical final reaction mixture was: drug, 1 X loe3 M ;  11, 1 X 
10-2 M ,  tromethamine (111)-hydrochloride buffer, pH 7.0,2 X M ;  
and periodic acid, 1 X loT2 M .  


A typical experiment was performed as follows. Drug, nucleotide, and 
buffer were added to a volumetric flask and diluted to a precalibrated 
mark with distilled water. An aliquot of periodic acid stock solution was 
then added to begin the reaction, followed by final adjustment of volume. 
Under these conditions, the final pH ranged from 3.0 to 4.0. 


Molar absorptivities were determined by periodic acid oxidation of 
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CO M M  U N I C A  TI  O N S  


Binding Rate of Antibacterials to 
Serum Proteins 


8o t /- 
Keyphrases Cefazolin-rate and extent of binding to serum protein, 
dogs 0 Protein binding, serum-cefazolin, rate and extent, dogs 


Binding, serum protein-cefazolin, rate and extent, dogs 0 Antibac- 
terials-cefazolin, rate and extent of binding to serum protein, dogs 


To the Editor: 


It is generally accepted that the equilibrium between 
protein and drug occurs instantaneously, i .e.,  within a 
fraction of a second (1). Measurement of the time neces- 
sary for the equilibrium between levothyroxine and serum 
protein showed that equilibrium was reached within 150 
msec (2). Other reports confirmed the rapidity of this 
binding reaction (3,4). 


Contrary to previously published reports, Waterman et 
u1. (5) reported that up to 50 min was required to attain the 
equilibrium between dog serum and several cephalosporin 
antibacterials. Cefazolin was approximately 20% protein 
bound to dog serum at 10 min after mixing and 80?h bound 
after 50 min. This reported (5) value for the maximum 
binding of cefazolin (80%) to canine serum proteins was 
vastly different from that reported by Nishida et ul. (6). 
They found 20% 1 hr after mixing of the drug-protein so- 
lution, but they did not measure binding as a function of 
time. 


If these results are truly representative of the time 
necessary for the attainment of the protein-binding 
equilibrium, the effect of this lag time on drug distribu- 
tion and elimination would be extremely complex. The 
cephalosporin antibacterials have a distributive phase with 
a half-life of 10 min (7). If it takes 50 min to reach the 
protein-binding equilibrium, then the drug will have dis- 
tributed before maximum binding is attained. This result 
would have a drastic effect on the tissue availability of 
unbound drugs. Due to the pharmacokinetic and possible 
clinical implications involved with prolonged rates of at- 
tainment of the protein-binding equilibrium, we decided 
to investigate the rate and extent of the binding of cefa- 
zolin to serum protein. 


Five milliliters of a 200-pg/ml solution of cefazolin in 
canine serum was added to 45 ml of canine serum at 37' 
to yield a serum cefazolin concentration of 20 pg/ml. Time 
zero was defined as the time the cefazolin was introduced 
into the flask containing the serum. The solution was 
stirred by a magnetic stirrer. At selected times during the 
hour after mixing, 7-ml samples of the cefazolin-serum 
solution were removed from the stirred flask and placed 
in the ultrafiltration apparatus1 having an ultrafiltration 
membrane with a molecular weight cutoff of 10,0002. 


Nitrogen gas (12 psi) was applied to the system, and the 
protein-free filtrate was collected. The first 0.4 ml of fil- 
trate samples was discarded since this portion was required 
to saturate all drug binding sites on the membrane. The 


Amicon MMC, Lexington, Mass. 
2 Amicon PM-10, Lexington, Mass. 


13 i 


1 I I I I 1 
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MINUTES 


Figure l-Cefazolin binding to canine serum. Samples were taken as 
a function of time after mixing of serum and cefazolin. Total cefazolin 
concentration was 20 figlml. Key: A, data from the present study; 
and 0,  data from Ref .  5.  


next 0.6 ml was collected, and the time of collection was 
noted. All filtrates were frozen until assayed microbio- 
logically using a disk diffusion assay with Bacillus subtilis 
as the test organism (8). 


All experiments showed that the binding equilibrium 
was attained within 3-5 min, the shortest possible mea- 
surement time with the ultrafiltration apparatus. Ap- 
proximately 48% of the total drug was in the protein-bound 
form throughout the hour interval of the experiment (Fig. 
l), which is higher than the previously reported value for 
the binding of cefazolin to canine serum (6) but signifi- 
cantly lower than the value reported by Waterman et al. 
(5). No changes in binding were found with canine serum 
as a function of time. The previously reported (5) pro- 
longed time to reach the protein-binding equilibrium was 
probably artifactual due to a technical problem with ul- 
trafiltration. 


Since a considerable species difference exists between 
the binding capacity of dog serum (48%) versus human 
serum (80%) (7), caution is advised in extrapolating ex- 
periments with a dog model to the human situation unless 
it has been previously established that the degree and 
extent of protein binding to serum protein are similar. This 
is especially true of comparative studies involving tissue 
or interstitial fluid distribution of drugs that are highly 
protein bound. For example, h comparison of cephalori- 
dine, cephradine, or cephalexin (all poorly bound) to 
cefazolin might show equivalent distribution patterns in 
the interstitial fluid of dogs (9) but vastly different pat- 
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terns in humans. Although other animal species represent 
convenient models for studying interstitial fluid distri- 
bution patterns of antibacterials, we feel that a significant 
potential for misinterpretation of the data exists unless the 
protein-binding characteristics of the antibacterial in the 
animal species are similar to those of humans. 
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REVIEWS 


Drug Fate and Metabolism: Methods and Techniques, Vol. 1. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016,1977.313 pp. 15 X 23 cm. Price 
$35.00. 
This volume is the first of a proposed series of texts on drug fate and 


metabolism. As indicated by the editors, the intent of this volume and 
future volumes is “to review all the techniques, physical, chemical, bio- 
logical, medical, and mathematical, which can be applied to the study 
of drug fate in the organism. It is addressed primarily to the research 
scientist and is devoted to methods, with only the minimal theory given 
for perspective, appreciation, and proper evaluation of results.” Volume 
I meets these goals, with the major emphasis being placed on the use of 
analytical methods. 


Chapters I and I1 deal with autoradiography and autoradiography in 
cytopharmacology. Both chapters were written by experts in their area 
of speciality and are of particular importance to a novice in autoradi- 
ography. Chapters 111 and IV explore the use of electrophoresis and 
ion-pair extraction and chromatography. Chapter V reviews protein 
binding, and Chapter VI briefly looks at  atomic absorption spectroscopy. 
The use of a fairly recent analytical method, spin immunoassay, is dis- 
cussed in Chapter VII. The last chapter describes facilities and other 
pertinent information needed in animal care. 


The editors state that “it was deemed proper to include chapters on 
methods that would not be modern methods of choice hut are of historical 
importance in evaluating the significance and limitations of the earlier 
studies in these fields.” The selection of these methods is one notable 
weakness that occurs in Volume I. All of the volumes in thisseries ap- 
parently will be required if an individual desires to have the methods most 
frequently used in drug metabolism. Another weakness is that the 
chapters have no rhyme or reason to their order. I t  would be more sensible 
to have the chapter on animal care a t  the beginning of the book since 
metabolism studies are based on the use of animals as a testing source. 


One strong feature of this text, in addition to its being well written, is 
a list of the source of supplies and equipment included in Chapters I and 
111. This list is particularly important in saving time that would otherwise 
be spent in looking for this material. The reviewer recommends this 


volume for the researcher in the area of drug metabolism, especially the 
analytical chemist, pharmacologist, and toxicologist. 


Reviewed by Gerald W. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI 49307 


Martindale: The Extra Pharmacopoeia. 27th Ed. Edited by AINLEY 
WADE and JAMES E. F. REYNOLDS. The Pharmaceutical Press, 
1 Lambeth High Street, London, SEI 7JN, England, 1977.19 X 25.4 
cm. 2077 pp. Price $60. Available from Rittenhouse Book Distributors, 
251 S. 24th St., Philadelphia, P A  19103. 
The 27th edition of “Martindale” is the largest ever published. It has 


been revised thoroughly and updated and extended in coverage. The book 
is divided into six main sections. Part I, the largest, contains monographs 
on more than 3100 drugs and ancillary substances in current use 
throughout the world. Drugs having similar uses or actions are grouped 
together. Part 2, Supplementary Drugs and Ancillary Substances, de- 
scribes 1040 new drugs ’.hat are too recently introduced or of insufficient 
importance to  be incluued in Part 1. Also in Part 2 are monographs on 
obsolescent drugs about which information may still be required. 


Part 3 gives the composition and source of more than 1450 over-the- 
counter medicines marketed in Great Britain. Part 4 is a Directory of 
Manufacturers, listing full names and addresses of over 1400 manufac- 
turers throughout the world. The Index to Clinical Uses, Part 5, is a guide 
to drug usage presented in alphabetical order of diseases. 


The final section, the General Index, has more than 43,000 entries. 
Substances are indexed by generic names, proprietary names, chemical 
names, and synonyms. 


This book represents the most comprehensive reference source of in- 
formation on drugs used throughout the world. Pharmacists as well as 
professionals and students in all health-related and scientific fields will 
find this book most valuable. It is a necessity in every pharmacy and 
medical library. 


Staff review 
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and diffuses to the surface as a vapor (13). Thus, regardless of the po- 
tential entry suction (14) increasing with decreasing particle size, the 
amount of migration tends to reach a limit. 


Physical Properties of Granulations-The bulk density, granule 
density, intraparticle porosity, and moisture content of the lactose 
granulations are given in Table VII. The average bulk density was 0.531 
g/cm3 with a range of 0.510-0.554 g/cm3. The average moisture content 
was 3.4% with a range of 3.0-4.1%. 


Although the intraparticle porosity increased with a decreased particle 
size of lactose, the changes in intraparticle porosity did not correlate well 
with the extent of propoxyphene hydrochloride migration in this series 
of granulations. Decreased capillary size and increased contact area with 
decreasing particle size probably are responsible for the observed re- 
sults. 


CONCLUSIONS 


Variations in particle size of the major diluent in wet granulations may 
result in differences in drug content uniformity in different batches of 
granules. Control of particle size of the major diluent can minimize drug 
migration and improve product uniformity in some formulations. 
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Drug Migration during Drying of Tablet Granulations 11: 
Effect of Binder Solution Viscosity and 
Drying Temperature 


J. W. WARREN, Jr.x, and J. C. PRICE 


Abstract The effect of binder solution viscosity and drying temper- 
ature on the intergranular migration of propoxyphene hydrochloride was 
studied. Wet granulations containing the drug were prepared using binder 
solutions with viscosities ranging from 1 to lo00 cps. Temperature studies 
were conducted using granulations prepared with a 3-cps binder solution 
and dried a t  40,50,60,70, and 80”. Drug migration decreased with in- 
creased binder solution viscosity, and insignificant migration occurred 
in granulations prepared with binder solutions having apparent viscosities 
above 90 cps. No significant effect on intergranular drug migration was 
observed within the drying temperature range studied. Tablets com- 
pressed from a granulation in which drug migration was high showed a 
greater tablet-to-tablet drug content variation than a granulation with 
lower migration, even though each dried granulation was thoroughly 
mixed before tableting. 


Keyphrases n Tablets-effect of binder solution viscosity and tem- 
perature on drug migration during drying Viscosity, binder solution- 
effect on drug migration during drying of tablet granulations 0 Drying 
temperature-tablet granulations, effect on drug migration Migration, 
drug-during drying of tablet granulations, effect of binder solution 
viscosity and temperature Dosage forms-tablets, effect of binder 
solution viscosity and temperature on drug migration during drying 


A study of warfarin sodium migration in wet granula- 
tions showed that the addition of 5% acacia and 15% alginic 
acid to a calcium phosphate granulation reduced drug 
migration (1). However, the extent of drug migration was 


not related to binder solution viscosity. Other reports dealt 
with the influence of solvent volume (2) and various 
granulation drying methods (3). The effect of drying 
temperature on intragranular migration of povidone was 
discussed (4), but apparently no investigations have been 
reported concerning the effect of drying temperature on 
intergranular migration. This study concerns the influence 
of binder solution viscosity and drying temperature on the 
extent of intergranular migration of a water-soluble drug, 
propoxyphene hydrochloride. 


EXPERIMENTAL 


The analytical method for the determination of propoxyphene hy- 
drochloride, the drying cell and sampling procedure, the coefficient of 
migration, the uniformity of the granulations, and the reproducibility 
of the granulation and drying procedures were described previously 
(5). 


Materials-Propoxyphene hydrochloride, corn starch, lactose, and 
magnesium stearate were USP grade. Dibasic calcium phosphate, povi- 
done’, and hydroxypropyl methylcellulose2 were NF grade. 


Formulations-Two formulations were used. Formula I contained 
(milligrams per 500-mg tablet): propoxyphene hydrochloride, 32; lactose, 


’ GAF Corp., New York, N.Y. 
Methocel E-15, Dow Chemical Co., Midland, Mich. 
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Table I-Binder Solutions Employed to Granulate  Formulas I 
and 11" Viscosity 


Table  11-Granulation Characterist ics as a Function of Binder 


Molecular Total Amount Granulation Moisture 
Content Weight of of Aqueous Apparent Weight Bulk Density, 


Formula Binder* Solution, ml Viscosity, cps Formula in Cell, g g/cm" after Drying, % 


I-BV1 - 150 
I-BV2 10,000 150 
I-BV3 40,000 150 
I-BV4 160,000 150 
I-BV5 360,000 150 


11-BVl - 200 
lLRV2 10.000 200 


I 
3 


10 
100 


1000 
1 
3 


I-BV1 79.0 0.513 
I-RV2 73.0 0.474 
I-RV3 75.0 0.487 
I-BV4 88.0 0.572 
I-BV5 80.0 0.520 


11-BV1 79.5 0.517 
11-BV2 80.1 0.520 


3.0 
2.7 
3.0 
3.8 
3.4 
4.0 
4.0 


imvi  innno 200 7 11-RV.? 79 n 0 51.1 3 5  __,""" .. - - _._ . _ ~ _  
11-BV4 160,000 200 90 11-BV4 87.0 0.565 
11-BV5 360,000 200 600 11-BV5 78.4 0.509 


II-RVT?l.Sa m n n 5x9 


3.0 
2.5 
qn 


1. Y ,  Y A "  YU." ".""" Y." 


a The amount of binders used was 22.5 g except in Formulas I-BV1 and 11-BV1 
where none was added. * Molecular weights as given by the manufacturer of povi- 
done. Manufacturer code numbers are k-15, k-30, k-60, and k-90 in order of in- 


Binder viscosity was 600 cps. 


creasing molecular weight. 


413; corn starch, 50; and magnesium stearate, 5. Formula I1 contained 
(milligrams per 500-mg tablet): propoxyphene hydrochloride, 32; dibasic 
calcium phosphate, 413; corn starch, 50; and magnesium stearate, 5. 


Wet Granulation-Each granulation batch weighed 750 g (1500 
tablets). The powders were blended for 15 min at low speed in a planetary 
mixer?, and water or binding solution then was added to form the wet 
granulation mass. Water or binder solution, 150 ml, was added to the 
lactose granulations (Formula I) and 200 ml was added to the dibasic 
calcium phosphate granulations (Formula 11). 


After addition of binder, the granulation was mixed for 10-12 min and 
wet screened through a No. 12 (1680 pm) U.S. standard sieve. The 
granulations were collected on porous paper and dried for 5 hr in a drying 
oven4. The drying temperature was 50" for the granulations in the binder 
solution viscosity studies. 


Effect of Binder Solution Viscosity on Migration-Various binder 
solution viscosities of povidone were achieved by employing molecular 
weight grades of 10,000, 40,000, 160,000, and 360,000. Each was incor- 
porated a t  a level of 3% (w/w) in both Formulas I and 11. Viscosity mea- 
surements were made at 25" with a rotational viscometer5. Binder solu- 
tion formulations and viscosities are given in Table I. 


The formulations were wet granulated, placed in drying cells, and dried 
(5). The coefficient of migration (5) for each formulation was calculated 
and tested for a significant correlation between the extent of propoxy- 
phene hydrochloride migration and increasing binder solution viscosity 
using Spearman's rank correlation method (6). 


Effect of Temperature on Migration-Formula 11, granulated with 
22.5 g of povidone of 10,ooO molecular weight in 200 ml of water (Formula 
II-BV2), was used for this study. The viscosity of the solution was 3 
cps. 


Five granulations, 750 ghatch, were prepared and dried in drying cells 
a t  40,60,60,70, and SO", respectively. Samples were taken and assayed 
as described previously (5). 


The coefficient of migration for each formulation was calculated and 
tested for a significant correlation (6) between the extent of propoxyphene 
hydrochloride migration and increased drying temperatures using 
Spearman's rank correlation method. 


Effect of Extent of Migration on Tablet  Content Uniformity- 
Formula 11-BV2, granulated with binder solution having an apparent 
viscosity of 3 cps, and Formula 11-BV5, granulated with binder solution 
having an apparent viscosity of 600 cps, were used to determine the effect 
of the extent of migration on the content uniformity of tablets. These 
formulas were selected because they had shown significant differences 
in drug migration in the dried granulations. The dried granulations were 
passed through a No. 20 sieve and mixed for 15 min in a twin-shell 
blender6. 


Five hundred tablets were compressed from each batch, using a sin- 
gle-station tablet compression machine equipped with 0.952-cm (0.38-in.) 
standard concave tooling. 


The USP content uniformity test was run on tablets from each for- 
mulation; 30 tablets were randomly selected from each batch, and 10 
individual tablets were assayed from the 30. The average drug content 
per tablet and the standard deviation were calculated for each batch of 
assayed tablets. 


Readco mixer K-20, Read Standard, York, Pa. 


Model RVT, Brookfield Engineering Labs., Stoughton, Mass. 
Model LR201, Patterson-Kelley Co., East Stmudsberg, Pa. 


4 Power-0-Matic 60, Blue M Electric Co., Blue Island, Il l .  


Table 111-Effect of Binder Solution Viscosity on Propoxyphene 
Hydrochloride Contenta of Formula I 


Formula Formula Formula Formula Formula 
Laver I-BV1 I-BV2 I-BV3 I-BV4 I-BV5 


1 39.38 40.61 37.67 33.05 31.02 
2 29.12 32.50 31.27 31.83 31.25 
3 24.12 24.35 24.70 31.85 31.92 
4 35.83 37.40 34.63 31.81 32.12 


Each value represents an average ol'three assay drtrrrninat~~ms of milligrams 
id propoxyphene hydrochloride/tJ.5 g of granulat ion. 


Table IV-Effect of Binder Solution Viscosity on Propoxyphene 
Hydrochloride Migrated from Inner Layers of Lactose 
Granulations 


Potential Amount Amount 
Amount Recovered from Depleted from 


in Inner Layers, Inner Layers, Inner Layers, 
Formula me mg % 


I-RVI 64.22 
i-Svi 67.42 
I-BV3 64.14 
I-BV4 64.27 
I-BV5 63.16 


53.24 17.1 
56.84 
55.98 
63.68 


15.7 
12.7 
0.92 


63.17 0.00 


Characterist ics of Granulations-The weight of the granulation 
contents in each drying cell and the moisture content for each granulation 
were determined (Table 11). The average bulk density for the lactose 
granulations (Formulas I-BV1-I-BV5) was 0.513 g/cm3 with a range of 
0.474-0.572 g/cm3. The dibasic calcium phosphate granulations (For- 
mulas 11-BVI-11-BV5 and 11-BVE15) had an average bulk density of 
0.527 g/cm3 with a range of 0.509-0.565 g/cm3. The average moisture 
content of the lactose granulations was 3.2% with a range of 2.7-3.8%; for 
the dibasic calcium phosphate granulations, the average was 3.2% with 
a range of 2.5-4.0%. 


RESULTS AND DISCUSSION 


Effect of Binder Solution Viscosity on Extent of Migration-The 
average assay values for propoxyphene hydrochloride in the four layers 
of the dried granulation for Formulas I-BV1-I-BV5 are summarized in 
Table 111. From these data, the percent of the potential amount of pro- 
poxyphene hydrochloride depleted from the center section (layers 2 and 
3) of each granulation in the drying cell was calculated as previously de- 
scribed (5) (Table IV). Increased binder solution viscosity retarded the 
depletion of drug from the center section of the granulation bed (Table 
IV). This result was particularly evident for Formulas I-BV4 (binder 
solution viscosity of 100 cps) and I-BV5 (binder solution viscosity of lo00 
cps), where the percent depletion was virtually equal to zero and rather 
uniform layers were observed. 


With Formulas I-BV1-I-BV3, the entry suction (5,7) tended to draw 
water from the interior of the bed to the evaporating surfaces of the drying 
cell because the binder viscosities were relatively low. However, as the 
binder viscosities were increased (Formulas I-BV4 and I-BV5), the entry 
suction could not draw the binder solution to the surface a t  the rate a t  
which evaporation took place. As the drying process continued, the binder 
solution was held in the capillaries or pores of the granulation bed and 
eventually the solvent evaporated from the interior of the bed and dif- 
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Table V-Effect of Binder  Solution Viscosity on Propoxyphene 
Hydrochloride Contenta of Formula I1 a f t e r  Drying 


Formula Formula Formula Formula Formula 
Layer 11-BV1 11-BV2 11-BV3 11-BV4 11-BV5 


1 46.09 46.79 43.98 35.76 30.89 
2 23.51 20.82 26.74 28.52 30.59 
3 17.26 18.91 24.89 26.79 31.88 
4 40.29 42.41 40.37 36.34 31.55 


'' Each value represents an average of three assay determinations of milligrams 
8 4  yropuxvphrnc~ hytlr(,chluride/l).5 g of'granulation. 


Table VI-Propoxyphene Hydrochloride Depleted from Inne r  
Layers of Dibasic Calcium Phosphate Granulations 


Potential Amount Amount 
Amount Recovered from Depleted from 


in Inner Layers, Inner I,ayers, Inner Layers, 
Formilla me mr 90 


11-BV1 63.57 
11-BV2 64.47 
11-BV3 67.99 
11-BV4 63.71 
11-RV5 62.46 


40.71 35.9 
39.73 38.4 
51.63 24.0 
55.31 13.2 
62.47 0 


fused through the bed as a vapor (6,7). When vapor diffusion occurs from 
the interior of the bed, it follows that the drug will be deposited from the 
point of evaporation and more uniform layers will be seen in Formulas 
I-BV4 and I-BV5. 


The average propoxyphene hydrochloride assay values for four layers 
of Formulas 11-BV1-11-BV5 are summarized in Table V. From these data, 
the amount of propoxyphene hydrochloride depleted from the center 
section (layers 2 and 3) of each granulation was calculated (Table VI). 
Increased binder viscosity retarded the depletion of drug from the center 
section of the granulation bed with Formula 11. Relatively uniform layers 
in Formula 11-BV5 (with 600-cps binder solution) can also be attributed 
to the entry suction concept as explained for the lactose granulations 
(Formulas I-BV1-I-BV5). 


With dibasic calcium phosphate (Formula II), more uniform layers did 
not occur until 600-cps binder solution was used; with lactose (Formula 
I),  rather uniform layers were observed with 100-cps binder solution. 
There are three possible reasons for this result. 


1. The particle size of the primary excipient, dibasic calcium phosphate 
(57% passes a No. 325 sieve), in Formula I1 was smaller than the particle 
size of the primary excipient, lactose (80% retained by a No. 325 sieve), 
in Formula I. Therefore, the resultant entry suction (1,5) for Formula 
I 1  was greater. 


2. The amount of binder solution in Formula I1 was greater; thus, with 
more solution to evaporate, more drug was carried to the surface. Also, 
the larger amount of water (200 ml compared to 150 ml in the lactose 
formula) resulted in somewhat lower viscosities for the binder solu- 
tions. 


3. Since the particle size of the dibasic calcium phosphate was smaller 
than the particle size of the lactose, increased granule surface contact in 
the dibasic calcium phosphate granulations may have facilitated inter- 
granular solvent flow (5). Therefore, a higher binder solution viscosity 
would have been required to retard the flow of solvent from the interior 
of the bed. 


To determine if a correlation existed between the extent of propoxy- 
phene hydrochloride migration and increasing binder solution viscosity, 
the coefficient of migration for Formulas I-BV1-I-BV5 and Formulas 
11-BV1-11-BV5 was calculated as previously described (5) using Spear- 
man's rank correlation method. The formulas were ranked from 1 to 5 
relative to increasing binder solution viscosity and then ranked from 1 
to 5 according to the calculated coefficient of migration, with rank 1 
representing the smallest coefficient and rank 5 representing the largest 
(Tables VII and VIII). 


The critical value for r, a t  n = 5 is 0.900 a t  the 0.05 level of significance. 
Therefore, the values computed in Tables VII and VIII, r, = -0,900, are 
significant at the 0.05 level. A significant negative correlation indicates 
that there was an inverse relationship between the extent of migration 
and increasing binder solution viscosity. That is, as the binder viscosity 
increased in both Formulas I and 11, the extent of propoxyphene hydro- 
chloride migration decreased. 


The ability of a binder solution, other than povidone, to retard the 
migration of propoxyphene hydrochloride in the granulation bed was also 
investigated. Formula I1 was granulated with 8% (w/v) hydroxypropyl 


Table  VII-Spearman's Rank Correlation Determination for  
Effect of Binder Solution Viscosity (Formula I) on Extent of 
ProooxvDhene Hvdrocbloride Migration 


Binder 
Viscosity Coefficient of Coefficient 


Formula Rank Migration Rank d, d;' 


I-BV1 1 0.204 5 -4 16 
I-BV2 2 0.199 4 -2 4 


0 0  I-BV3 3 0.166 3 
I-BV4 4 0.014 1 3 9  
I-BV5 5 0.016 2 3 2  


38 


6 2 di2 
n 3  - n 


i = l  - 6(38) r,=1------1--=-0.900 
(5)" - 5 


Table  VIII-Spearman's Rank Correlation Determination for 
Effect of Binder Solution Viscosity (Formula 11) on Extent of 
Propoxyphene Hydrochloride Migration 


Binder 
Viscosity Coefficient of Coefficient 


Formula Rank Migration Rank d, d r 2  


11-BV1 1 0.406 4 -3 9 
11-BV2 2 0.408 5 -3 9 
11-BV3 3 0.260 3 0 0  
11-BV4 4 0.141 2 2 4  
11-BV5 5 0.018 1 


Table IX-Comparison of Propoxyphene Content" of Layers of 
Dried Granulations Prepared from Different Binder Solutions 
of Equal Viscosity 


Layer Formula 11-BV5, mg Formula 11-BVEl5, mg 


1 30.89 32.52 
2 30.59 31.03 
3 31.88 3 1.03 
4 31.55 32.78 


Each value represents an average of three assay determinations of milligrams 
of propoxyphene hydrochloride/0.5 g of granulation. 


Table X-Analysis of Variance Comparing Formula 11-BV5 with 
Formula IT-BVEIS 


Degrees Sumof Mean 
Source of Freedom Squares Square F Ratio F (0.99) 


Formula 1 2.5020 2.5020 4.7515 8.53 
Layer 3 5.8911 1.9637 3.7293 5.29 
Interaction 3 5.8082 1.9361 3.6768 5.29 
Error - 16 8.4250 0.5266 


23 22.6263 


methylcellulose. This solution had an apparent viscosity of approximately 
600 cps, which was comparable to the povidone apparent viscosity of 600 
cps used to granulate Formula 11-BV5. The methylcellulose granulation 
was designated as Formula 11-BVE16. The average assay values for 
Formula I1 granulated with povidone and methylcellulose, respectively, 
are given in Table IX. 


T o  compare Formula 11-BVE15 with Formula 11-BV5, a two-factor 
analysis of variance was used (Table X).  Since the calculated F value for 
the formula factor is not significant a t  p = 0.01, there is apparently no 
difference between the extent of migration in Formulas 11-BVE15 (with 
methylcellulose) and 11-BV5 (with povidone). Also, since the calculated 
F value for layers is not significant, there is no apparent difference among 
the layer assay values within a formulation or when the layers of each 
formulation are compared. The interaction F value is not significant. 
Therefore, retardation of migration of propoxyphene hydrochloride 
appears to be a function of binder solution viscosity rather than a specific 
binding material. 


Effect of Temperature  on Migration-The average assay results 
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Table XI-Effect of Drying Temperature  on  Propoxyphene 
Hydrochloride Content" of Granulation Layers of Formula II- 
BV2 


Layer 40" 50" 60" 70" 80" 


1 45.15 46.09 48.02 48.65 43.18 
2 21.01 23.51 24.46 21.99 26.23 
3 19.65 17.26 19.47 19.35 21.40 
4 40.70 40.29 38.92 39.66 38.03 


a Each value represents an average of three assay determinations of milligrams 
of propoxyphene hydrochloride/0.5 g of granulation. 


Table XII-Spearman's Rank Correlation Determination for  
Effect of Temperature  on Extent  of Propoxyphene 
Hydrochloride Migration in  Formula I1 


Drying Temperature Coefficient Coefficient 
Temperature Rank of Migration Rank di di2 


40" 1 0.380 2 -1 1 
50° 2 0.408 5 -3 9 
60" 3 0.382 3 0 0  
70" 4 0.407 4 0 0  
80" 5 0.299 1 4 1 6  


26 


for Formula I1 granulated with 3-cps povidone and dried a t  40,50,60, 
70, and 80' are summarized in Table XI. 


T o  test for a significant correlation between the extent of migration 
and increased drying temperatures, the coefficient of migration for the 
granulation dried a t  each temperature was calculated. By using Spear- 
man's rank correlation method, the results a t  each temperature were 
ranked from 1 to 5 relative to increased drying temperature, with rank 
1 representing the smallest coefficient of migration and rank 5 repre- 
senting the largest (Table XII). 


The critical value for rs a t  n = 5 is 0.900 a t  the 0.05 level of significance. 
The rs value of -0.300 computed in Table XI1 is not significant. There 
apparently is not a significant correlation between the extent of inter- 
granular migration of propoxyphene hydrochloride and increasing drying 
temperature. 


Travers (3), investigating the intergranular migration of sodium 
chloride, explained that heat transfer by convection is slow and, therefore, 
evaporation is also slow enough to maintain a solvent flow to the evapo- 
rating surfaces. Since heat transfer, which occurs by surface absorption, 
is slow, the capillary state or film continuity is maintained between in- 
dividual granules. As the capillary state is maintained and solvent flow 
continues toward the evaporating surfaces, the solute is transported with 
the solvent and the solute concentration reaches a maximum near the 
evaporating surfaces of the granulation bed. Between 40 and 80°, heat 
transfer and subsequent evaporation were apparently slow enough to 
maintain a solvent flow to the evaporating surfaces of the top and bottom 
layers. Consequently, migration of propoxyphene hydrochloride was not 
significantly different among the temperatures employed. 


Effect of Extent  of Migration on Tablet  Content Uniformity- 
The final phase of this study was to determine the effect of migration on 
the content uniformity of tablets. Formula 11-BV2, which exhibited 
considerable drug migration, and Formula 11-BV5, which showed little 
migration, were used. 


The assay values for the 10 tablets from Formula 11-BV2 are given in 
Table XIII. The average assay value was 30.661 f 1.458 (SD)  mg of 
propoxyphene hydrochloridehablet. The range was 88.1-102.6% of theory 
(32 mg of propoxyphene hydrochloriddtablet). The average tablet weight 
was 0.506 f 0.05 (SO) g. 


The assay values for the 10 tablets from Formula 11-BV5 are given in 
Table XIV. The average assay value was 31.981 * 0.626 (SD)  mg ofpro- 
poxyphene hydrochloride/tablet. The range was 96.1-102.4% of theory 
(32 mg of propoxyphene hydrochloridehablet). The average tablet weight 
was 0.496 f 0.04 (SD)  g. 


Both tablet hatches conformed to the USP content uniformity test, 
and the data were not significantly different when tested statistically. 
However, the range of assay values was greater in the granulation ex- 


Table  XIII-Propoxyphene Hydrochloride Content of Tablets 
Made from Formula 11-BV2 (Granulated with 3-cps Binder 
Solution) 


Theoretical Amount 
Tablet Amount Recovered 


Tablet Weight, per Tablet, per Tablet, Difference, 
mg mg mg Number g 


1 0.502 32.13 28.18 3.95 
2 0.500 32.00 30.40 1.60 
3 0.514 32.90 30.36 2.53 
4 0.508 32.51 30.53 
5 0.507 32-45 


8 0.502 32.13 28.43 3.70 ~ ~. -. . 


9 0.506 32.38 31.28 1.11 
10 0.510 32.64 31.87 0.77 


Table  XIV-Propoxyphene Hydrochloride Content of Tablets 
Made from Formula 11-BV5 (Granulated with 600-cps Binder 
Solution) 


Theoretical Amount 
Amount Recovered 


Tablet Tablet per Tablet, per Tablet, Difference, 
Number Weight mg mg mg 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 


0.500 
0.498 
0.493 
0.504 
0.499 
0.493 
0.491 
0.493 
0.495 
0.501 


32.00 
31.87 
31.55 
32.26 
31.94 
31.55 
31.42 
31.55 
31.63 
32.06 


30.75 1.25 
32.78 0.91 
31.51 0.04 
32.43 0.17 
31.95 0.01 
31.58 0.03 
32.19 0.77 
31.58 0.03 
32.57 0.89 
32.47 0.41 


hibiting the greatest drug migration, in line with previous results (1). 
Content uniformity of tablets made from granulations showing a large 
amount of migration can be expected to be highly dependent on how well 
the granulation has been mixed after drying; less thoroughly mixed 
granulations should show greater variation. 


CONCLUSIONS 


Drug migration during drying of wet granulations was found to be a 
significant problem with a soluble drug, propoxyphene hydrochloride, 
formulated with a t  least two types of diluents (lactose and dibasic calcium 
phosphate). A drying temperature of 40-80" appears to have little effect, 
but an increase in binder solution viscosity can minimize migration with 
either diluent. 
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BOOKS 


REVIEWS 


Introduction to  Pharmaceutical Dosage Forms. By HOWARD C. 
ANSEL. Lea & Febiger, Washington Square, Philadelphia, PA 19106, 
1976.415 pp. 18.5 X 26 cm. Price $22.50. 
In this second edition, the organization and content have been exten- 


sively revised. References have been updated and take into account the 
current literature. The purpose of the book still remains to present to “the 
beginning student introductory concepts of dosage form design, manu- 
facture, and utilization” of drugs, with emphasis given to the drug entities 
listed in the official compendia. By selecting the route of administration 
as the framework, the author has succeeded admirably in meeting this 
purpose. 


The content of the revised edition reflects accurately the changes in 
curricula taking place in schools of pharmacy and in the practice of 
pharmacy. It will enable the student to integrate easily basic scientific 
pharmaceutic concepts with current concepts in patient care, thus pre- 
senting a refreshing view in a basic pharmaceutics textbook. The books 
value is increased by the discussion of such topics as drug standards and 
good manufacturing practices and by the new appendix chapter which 
addresses information vital to the beginning pharmacy student. 


While the author extends his appreciation to many who have cooper- 
ated in this effort, one strong point of the second edition, as of the first, 
is its uniformity ol’style. 


This reviewer feels somewhat disappointed in the complete exclusion 
of a discussion of contact lens solutions, which probably differ in dosage 
form design and use sufficiently from ophthalmic solutions to deserve 
some recognition. Also somewhat disappointing is the all too brief dis- 
cussion of radiopharmaceuticals. Nevertheless, it is easy to recommend 
adoption of this book by those responsible for teaching basic pharma- 
ceutics courses. Furthermore, the book can serve well as a reference source 
for those in industry and research. 


Reuiewed by Peter P. Lamy 
School of Pharmacy 
University of Maryland 
Baltimore, MD 21201 


Dispensing of Medication. 8th Ed. Edited by JOHN E. HOOVER. 
Mack Publishing Co., Easton, PA 18042,1976.654 pp. 18 X 26 cm. 
This book represents a modern approach to the subject as evidenced 


by the omission of many chapters dealing solely with the compounding 
of medications on the industrial level or the type of material presented 
in “Preparations” courses. Most authors have presented information 
concerned not only with the fabrication of dosage forms but also with the 
anatomy and physiology of the body organ systems as well as drug ab- 
sorption from the various sites. This approach is entirely in keeping with 
the announced intention of the editor to “aid the patient-oriented 
pharmacist.” 


Keeping this intent in mind while reading the text reveals a lapse from 
time to time. Thus, while an excellent review of bioavailability is pre- 
sented, one wonders if the dispensing pharmacist who is deeply involved 
in patient care should expect to receive some direct pointers regarding 
bioequivalent evaluation of specific products. The chapter on dermato- 
logicals could have presented a clearer description of the effect of oint- 
ment bases in percutaneous absorption and the extent that the clinical 
symptoms determine the selection of dosage form or base in the treatment 
of dermatologic conditions. One wonders if it is still necessary to belabor 
the “ideal monodisperse” suspension or to cover the subject of pills. 


An excellent balanced approach makes the chapter on parenterals 
useful to both hospital and industrial pharmacists. If the pharmacist is 
to monitor parenteral therapy in a rational manner, as suggested by the 
authors, should not criteria for the use of intravenous administration be 
provided? 


The last chapter, Compounding and Dispensing Information, is over 
300 pages and contains a wealth of information on drug interactions and 
incompatibilities. Unfortunately, a portion of this chapter is not pre- 
sented in a format that allows the reader to utilize this information to the 


best advantage. The last 170 pages of this chapter, entitled Specific 
Compounding and Dispensing Information, is an extremely valuable tool. 
It presents physical-chemical properties of drugs and drug products by 
nonproprietary and/or trade names and gives data including incompa- 
tibilities, stability, choice of bases, information the pharmacist must 
consider when dispensing the drug, and information to be given the pa- 
tient. This type of information should be at  every pharmacist’s finger- 
tips. 


This book represents a valuable addition to the library of the practicing 
pharmacist, especially one who is interested in ensuring that patients 
receive proper and optimal pharmaceutical care. The majority of it is well 
written, concise, and explicit while covering the necessary subjects and 
should serve the student well as a text. 


Reviewed by Noel 0. Nuessle 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64110 


Pharmacognosy. 7th Ed. By VARRO E. TYLER, LYNN R. BRADY, 
and JAMES E. ROBBERS. Lea & Febiger, Washington Square, 
Philadelphia, PA 19106, 1976. 537 pp. 18.5 X 26 cm. Price $21.50. 
This book is a revised and updated edition of the single standard 


textbook for pharmacognosy. It is the only reference suitable for general 
use by students in pharmacognosy in the United States. The unique 
position it holds attests to the usefulness of older editions over the past 
years but precludes comparisons with other books on the same 
subject. 


Most of the book is unchanged from the last edition; new chapters 
mainly represent rearrangement of material (e.g., Steroids and Peptide 
Hormones) taken from other sections. Other chapters have been updated, 
but none is totally rewritten. The drugs included are divided into chapters 
based upon the chemical (e.g., volatile oils and alkaloids) or therapeutic 
category (e.g., antibiotics and immunizing agents) classifications. Three 
chapters at the end contain introductory information on subjects difficult 
to find in other pharmacy books: Allergens, Poisonous Plants, and Pes- 
ticides. 


The book has been revised with the expectation of making it more 
applicable to the “patient-oriented pharmacist.” This approach can be 
detected in the information given regarding cardiac glycosides, in the 
immunization schedule, and in the list of diseases caused by various 
microorganisms. This aspect of the revision could have been expanded, 
because the use given for colchicine is simply “suppressant for gout” and 
the only use listed for caffeine is “central stimulant,” even though the 
caffeine-containing prescription specialties listed are all used as anal- 
gesics. A few misleading statements have remained such as ephedrine 
“depressing . . . cardiac muscle action” and dextrose as a “fluid . . . re- 
plenisher.’’ 


The book is recommended as a textbook for all undergraduate phar- 
macognosy students. 


Reviewed by C. Dwayne Ogzewalla 
College of Pharmacy 
University of Cincinnati 
Cincinnati. OH 45267 


Analytical Profiles of Drug Substances, Vol. 5. Edited by KLAUS 
FLOREY. Academic, 111 Fifth Ave., New York, NY 10003,1976. xi 
+ 560 pp. 16 X 23.5 cm. Price $22.50. 


This is the fifth in a series of compilations under the sponsorship of 
the Pharmaceutical Analysis and Control Section of the APhA Academy 
of Pharmaceutical Sciences. It is the intent of these volumes to make 
available in a single source important information about drug substances 
which is scattered through the scientific literature or which may be filed 
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Flow Rates and 
Repose Angles of Wet-Processed Granulations 
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Abstract The equation of McDougall and Evans was found not to 
apply to granulations. The functional relationships among volumetric 
powder flow rates, angles of repose, and particle size were demonstrated 
to exhibit maxima (rather than minima) in five common pharmaceutical 
granulations produced by wet processing. The angular behavior of 
granules (such as the experienced range of angles) is explained oia sup- 
ported stacking geometries, and the shallow maxima in the angle of repose 
versus granule diameter was derived from this model. 


Keyphrases Granulations, wet processed-relationships among 
volumetric powder flow rates, angles of repose, and particle size 0 Flow 
rates, powder-relationship to angles of repose and particle size in wet- 
processed granulations Repose angles-relationship to volumetric 
powder flow rates and particle size in wet-processed granulations 0 
Particle size-relationship to  volumetric powder flow rates and angles 
of repose in wet-processed granulations 0 Dosage forms-wet-processed 
granulations, relationships among volumetric powder flow rates, angles 
of repose, and particle size 


Many publications have dealt with flow rates and repose 
angles (1-11). Attempts to relate these two properties 
failed to generate firm conclusions or equations of general 
validity (12, 13) for powders. Flow properties are of par- 
ticular interest to the pharmaceutical researcher and 
technologist because of the effect of flow properties on the 
quality of the resulting solid dosage forms (2). 


BACKGROUND 


Repose angle measurements for powders have been viewed with the 
purpose of obtaining information on the cohesion of a powder. There is 
a theoretical correlation between the cohesion and the repose angle of 
a smooth slant heap (14), but such factors as the bulk density of the 
sample, i e . ,  the extent of its consolidation prior to measurement, affect 
the repose angle (15,16). Therefore, it is not possible to draw quantitative 
conclusions regarding the cohesion from repose angles. For materials 
above 100 pm, this approach is still followed since such powders cannot 
be tested in shear cells due to crushing during consolidation and low 
cohesion and tensile strength. The repose angle, a, relates to the diameter, 
d ,  of a fine powder (17) uia the inverse relationship a = (9 /d)  + s, where 
9 and s are constants for a particular powder. For a coarse powder or 
granulation, experimental evidence (16) indicates that a, when measured 
uia flow from a funnel, gives rise to a shallow maximum a t  a particular 
particle diameter. Hence, a = h ( d ) ,  where h denotes “function of.” 


Flow rates, W ,  are a function of partide diameter (181, so W = g ( d ) ,  
where g denotes “function of.” This function has a maximum a t  a par- 
ticular diameter (18). Since W = g ( d )  and 01 = h ( d ) ,  i t  follows that d = 
h-’(a) and W = g[h-*(a)] in the regions where h ( d )  is a monotonically 
increasing or decreasing function; i.e., there must be a relationship be- 
tween W and a, i x . ,  W = f ( c ~ ) ,  where f denotes “function of.” The func- 
tionalities h and g are not universal but depend on experimental pa- 
rameters such as orifice diameter. 


McDougall and Evans (1) derived such a relationship on theoretical 
grounds: 


P D ’ . ~  =j[( l  + 3p’)//~]O.~ (Eq. 1) 


where W is the flow rate, g is the gravitational acceleration, p is the 
coefficient of internal friction, p is apparent density, and D is the diameter 
of the efflux tube. 


One purpose of this study was to examine whether extrema in a = h ( d )  
and W = g ( d )  can logically produce extrema in W = f(a). 


It is a general rule (9) in solid dosage form technology that a repose 
angle of 25-40° is a good working range. Therefore, for theory to fall in 


Table  I-Formulas for Granulations Used in the  Repose Angle 
Studies 


Granulation 
Ingredient I I1 111 IV v 


- - -  FD&C Yellow No. 5, g 
Starch USP (dry), g 180 440 100 - - 


6 -  


Lactose USP, g 1515 1755 1375 1000 1000 
Starch USP (paste), g 45 15 - 
Water, g 450 300 - 90 117 


- -  
Sucrose USP, g - 1110 - - -  
Povidone, g _ -  
Alcohol USP (95%), g _ -  
Acacia, g - -  
Gelatin, g - -  - - 


40 - - 
360 - - 


-- 10 - 
13 


line with practice, Eq. 2 should yield a maximum in this repose angle 
range. Theoretical Eq. 2 is depicted in Fig. 1, and it is seen that the flow 
rate has a minimum (not a maximum) a t  p = 0.6. For a cohesionless 
powder: 


p = tan a (Eq. 2) 


so p = 0.6 corresponds to LY = 30”. Kaneniwa et al. (17) classified powders 
of particle size below 50 pm as being cohesive, and Pilpel (16) classified 
powders in the 50-150-pm range as mildly cohesive; larger fractions are 
essentially noncohesive. These ranges are, of course, general rules and 
do not apply to all powders [carboxymethylcellulose and pyrogenic silica 
being notable exceptions (IS)]. 


This study dealt with granulations of particle diameters above 150 pm. 
The intent was to show that repose angles of granulations essentially 
depend on the stacking characteristics, which explain the shallow maxima 
in N versus d curves. 


1 oo 2 oo 30° 40’ 
REPOSE ANGLE, a 


Figure 1-W/j as a func t ion  of a (= tan-’ p )  according t o  Eq. I .  
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Figure 2--Flow rates as a function o f  repose angle based on a 100-g 
powder charge. Granulation V had relatively close cr values (30.6-31.6) 
and could not be graphed in the  scaling shown. Key: 0, Granulation 1; 
0,  Granulation II ;  8 ,  Granulation IKI; and @, Granulation IV. 


angle, a, is then given by t a n - l [ h / ( G ) ] ,  The flow rate was recorded 
by an electric timer. 


Granulations 1-111 were tested again in a similar fashion using 100 g 
of each rather than 250 cc. 


The porosities of the powder heaps were determined by determining 
the apparent densities of the heap and the particle density (not true 
density) of the granules. Since the height and the base area of the heap 
are known, the volume, v ,  can be calculated. The apparent density, p' ,  
can then be calculated from the weight, L ,  as p' = L/v.  


The particle densities were determined as follows. The procedure for 
determining true density pycnometrically using organic solvents was 
followed. The figure thus obtained was the volume of liquid displaced, 
V1, per sample weight, 41, of granules. Since some (but not total) solvent 
penetration can be expected, the particles were removed from the solvent 
and subjected to a drying curve. The point where the falling rate started 
was noted; the volume of solvent at this point corresponds to the volume 
of voids, V2, penetrated by the liquid. Hence, the particle density, pp,  is 
ql/(vl + VZ), and the bed porosity, I b ,  is then given by f b  = 1 - (p' /  
P P ) .  


Povidone granulations could not be included in the part of the study 
dealing with a versus 6 relationships, because of the solubility of povidone 
in organic solvents. 


RESULTS AND DISCUSSION 


Figure 1 shows that the flow of a particular granulation through a 
particular orifice should have a minimum for a granulation with an angle 
of repose of about 30'. Equation 1 predicts this finding because the de- 


P 


~'211!@ 10 


1 1 I I I I I I I 
200 400 600 800 1000 1200 1400 1600 


G R A N U L E  D I A M E T E R ,  ym 
a 


Table 11-Repose Angles at which Flow Was Maximum 


Repose Angle at Maximum 
Flow 


Granulation Amount cc/sec g/sec 
I 250 cc 29.6' 29.6' 


II 250 cc 29.4' 29.4' 
I11 
IV 
V 


250 cc 31.6' 29.8O 
220 cc 30.4' 29.2' 
200 cc 30.8' 30.8' 


I 100 e 30.7' 30.7' 
I1 100 g 29.3' 29.3' 


V 100 g 31.6' 30.6' 


111 100 g 31' 31' 
IV 100 g 31' 30' 


I1 100 g 29.3' 29.3' 


V 100 g 31.6' 30.6' 


111 100 g 31' 31' 
IV 100 g 31' 30' 


rivative with respect to w of Eq. 1: 


equals zero when p = tan (Y = l/d or when a = 30°. The second deriv- 
ative of Eq. 3 is: 


+ 0.5j[(l + 3fi2)/y]-0.h(2/fi3) (Eq. 4) 


This equation, when p = 1 / 6  is inserted, gives the following value of the 
second derivative: 


-= -0 + 0.5j[(l t 1)/d]-0,s2.3fi 
dw2 


(Eq. 5) 


which is larger than zero. Therefore, Eq. 1 does predict a minimum at 
a repose angle of 30' for a cohesionless powder. In contrast, the granu- 
lations reported here showed a maximum in flow rate at about 30-33" 
(Fig. 2 and Table 11). 


The different repose angles in this study were obtained by separating 
different mesh cuts of the granulations. Flow, of course, is a function of 
the mean diameter of the powder sample (10). The flow of the granula- 
tions is shown as a function of granule size in Fig. 3, and the flow exhibited 
the same dependence as reported elsewhere in the literature for powders 
(10) and granulations (19). 


The repose angle, (Y, is plotted as a function of d ,  the mean mesh frac- 
tion diameter, in Fig. 4. A maximum occurred; this finding is somewhat 
different, functionally, from what has been reported in the literature for 
fine powders (4, 11) but is in accordance with some findings regarding 
coarse materials (16). 


The behavior of granules is shown in Figs. 2-4; there are, of course, only 
two independent relations out of the three. The functional relations from 
Figs. 2,3,  and 4, respectively, are: 


w = f (a )  (Eq. 6) 


and: 
W = g ( d )  


(Y = h ( d )  


10 cd 


Figure 3-Flow rates as a func t ion  of granule diameter. Figure 3a is based o n  a 250-cc powder charge; Fig. 3b is based o n  a 100-g charge. Key:  0, 
Granulation I;  a, Granulation II;  0,  Granulation I I I ;  0, Granulation IV; and 6, Granulation V.  
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Figure 4-Repose angles as a function of particle diameter. Eachpoint 
represents the average of the  five granulations, and the bars indicate 
the  90% confidence limits on  the  average. 


That a maximum can exist in all of the functional relationships is best 
demonstrated by approximating the curves in Figs. 2 and 4 by parabolas, 
i.e.: 


and: 


( a  - amax) = -k z(d - drnax)' 0%. 10) 


where the subscript max denotes the maximum value of the dependent 
variable or the value of the independent variable a t  which the dependent 
variable attains its maximum. The curves in Figs. 2 and 4 imply that 
extrema may occur but that they need not necessarily occur. One re- 
striction in the argument given is that it assumes coinciding maxima in 
a a n d  W. 


If Eq. 10 is inserted in Eq. 9, then: 


W - Wmax = -klk22(d - drnax)l (Eq. 11) 


which describes a curve with a maximum, i.e., o f  the shape shown in Fig. 
3. 


A closely packed heap of spheres is shown in Fig. 5, and one (of many 
possible) metastable heap of loose packing is shown in Fig. 6. The porosity 
of a heap, as opposed to solid populations in confining vessels, has not 
been covered to any extent in the literature (18,19). The apparent density 
of spheres in cylinders was discussed by Scott (20), who overcame dif- 
ficulties stemming from wall effects (21) by plotting the packing density 
(1 - c) versus the reciprocal o f  the vessel diameter (I/&). He found a 
linear relationship, which, when extrapolated to l/& - 0 f i e . ,  to DO - 
m), gave a porosity of 0.36. This value compares favorably with the 
findings of Berg e t  al. (22) that one-dimensional vertical shaking of steel 


SIDE VIEW 


4 


.R 3 


Figure 5-A closely packed heap of spheres. Key: top  (AC'B'), un- 
supported by extra unloaded spheres; and left part of bottom (ACCI), 
supported by an  extra unloaded sphere (e.g., A) i n  each layer [i.e., 
cross-hatched (B) spheres disappear 1. 


SIDE VIEW 


TOP VIEW 


Figure 6-Loose packing resulting from removing every second sphere 
f rom every second layer in  the  supported structure shown in  Fig. 5. T h e  
partially depleted layer is shown by cross-hatched spheres in an  arbi- 
trary layer. 


spheres gave a porosity of 39% and that three-dimensional shaking gave 
26% porosity and with the findings of Newitt and Conway-Jones (23) of 
a porosity of 38% for closely packed (wet) sand. 


In each of these cases, the populations of steel balls or particles were 
confined by a vessel which, of course, makes them different from a heap. 
If a heap of spheres were cohesive, then loosely and closely packed heaps 
would have repose angles of the order of 60" as shown in Fig. 5. Indeed, 
Berg et al. (24) found a 60" angle of the powder remaining in a cubical 
container (where there is wall support). However, the 60" figure does not 
correlate with the finding here that the angles are in a range of 28- 
36'. 


To evaluate the porosity of a conical heap, as shown in Fig. 5, circles 
were drawn as shown in Fig. 7 with radii 1.5 d ,  2.5 d ,  . . . , q d/2  about an 
arbitrarily chosen central sphere ( S )  in every second layer. For instance, 
as shown in Fig. 7, in layer 3 a circle with radius 2.5 d is drawn around the 
central sphere and there are q = 5 spheres in the diagnoal layer. In al- 
ternate layers, circles of radii d ,  2 d ,  . . . , q d/2 were drawn around the 
center of the diagonal which now is a t  the point (P)  where two spheres 
touch. The number of spheres in a circle (layer) was counted with the 
arbitrary rule that if the center of a sphere were inside the circle, then 
the sphere was also "inside" the circle, i.e., part of the layer. 


For instance in Fig. 7, N and M are part of layer 4 but not part of layer 
3. In this fashion it is possible to calculate the number of spheres in the 
top layer, the next highest layer, and so on; i.e., the number of spheres 
can be calculated for successive values of q. The distance between each 


VIEW FROM ABOVE 


Figure 7-Spheres in two-dimensional close packing. In  one layer, the 
center will be in the center of a sphere (S); in the layer above and below 
it, the  center of the  layer will be between two spheres ( P ) .  Spheres are 
counted as being inside the circle (part of the  layer) if the center of a 
sphere is inside the circle. For instance, N and Mare part of layer 4. The  
dotted sphere is not part of layer 3. 
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Figure 8-Packing densities of heaps as a function of the number of 
spheres on the diagonal of  the base (number of layers in the heap)  
(upper curve). By assuming various asymptote values, subtracting these 
from the packing densities, and plotting them semilogarithmically 
versus q, the best straight line, i.e., the one with the smallest residual 
of squares (lower curue), occurred with a n  asymptote value of 0.62. 


layer is (fi/2)d, so that the height of the cone is [ (q  - 1)(.\/2/2) + l ] d ,  
which approaches q&/2 for large values of q. The area of the base is 
~ ( d q ) ~ / 4 ;  i.e., the cone volume can be calculated. Dividing the volume 
of all spheres by the cone volume then gives the packing density and, 
hence (by subtracting the latter from one ), the porosity. Figure 8 shows 
that the packing density approaches 0.62 (i.e., c = 0.38). The bed po- 
rosities found in this study ranged from 0.28 to 0.54. 


Making reference to Fig. 5 and noting that there are q spheres on the 
base diagonal, one sees that AC’ - qd/2 and B’C’ - q f i  d/2 as q - m .  


The repose angle hence approaches: 


cr = tan-l[qdv‘%(qd)] = 54.7O (Eq. 12) 


This value is obviously much higher than is generally encountered for 
cohesionless powders and granulations. 


A conical heap (Fig. 5) is only stable if: ( a )  the friction between the 
plane support and the lower (outside) spheres is sufficiently high, and 
( 6 )  the friction between spheres is sufficiently high to support the outside 
spheres. If this is not the case, the spheres “slip” out until there are suf- 
ficient spheres in the horizontal plane without spheres over them that 
can serve as retainers of the first sphere in the plane that carries spheres 
above it. If the cross-hatched spheres are removed, the shallower cone 
results, which has two supporting spheres on each diagonal. The diagonal 
of the base still contains q spheres, but the first layer above contains q 
- 3 and the ith layer above the base contains q - 3i spheres on the di- 
agonal. There would be q/3 layers in the center and the repose angle for 
large values of q would equal: 


(Eq. 13) 


With these assumptions and restrictions, it can be assessed that a closely 
packed conical heap has a repose angle of aC = 25.2’ and a porosity of tc 


= 0.38. 
Loosely packed structures can be visualized in many ways. Figure 6 


shows an example of a loose structure constructed by removing every 
second sphere in every second layer of the supported structure shown in 
Fig. 5. Therefore, the packing density would be 0.75 X 0.62 = 0.46; i.e., 
the porosity would be 0.54. The repose angle is obtained by noting that 
there are q (four) spheres to the right (and to the left) of the base center 
and that there are also q (four) layers (which are d.\/2/2 cm apart). Hence, 
the repose angle for large values of q approaches: 


a = tan-’ [(qd&/2)/(qd)] = tan-’(fi /2) = 35.3’ (Eq. 14) 


a = tan-’ [(q/3)(fi/2)/(q/2)] = tan-l(v‘%3) = 25.2’ 


(v 
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The experimentally determined bed porosities ranged from 0.28 to 0.54, 
in agreement with the calculations, as is the fact that the repose angles 
ranged from 28.1 to 35.8’. 


SUMMARY 


1. For monodisperse granulations, experimental flow rates maximize 
(not minimize) a t  a particular repose angle around 30’. 


2. Based on packing geometries and support layers, the expected re- 
pose angles should be 25.2-35.3’, which correlates well with experimental 
data ranging from 28.1 to 35.8’. 


3. Based on packing geometries and support layers, the expected po- 
rosities should be 0.3M.54; the experimentally determined bed porosities 
were in a range of 0.28-0.54. 
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guishable from the synthetic hydroxyl compound by dextran adsorption 
chromatography (Fig. 1) and by migration in Solvents D-F (Table I). 
Compound V could not be detected as a metabolite. 


Another newly identified metabolite is unconjugated IV. It is assumed 
tentatively that the second ring hydroxyl group is in the same position 
as in 111 and that the diol metabolite may be formed from this interme- 
diate and from 11. 


One cannot be certain about the oxidation of I1 or IV i n  uiuo. Never- 
theless, these conversions are postulated in Scheme 111 because I1 was 
oxidized readily i n  uitro by human and rat erythrocytes (7). In view of 
the P-adrenoceptor blocking activity of both I and I1 (6), it seems rea- 
sonable to speculate that I11 and IV are active metabolites and, therefore, 
to consider that I is not only an active compound but a prodrug which 
is converted to three active metabolites. 
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Effects of Adenine Nucleotides on Oxidation of 
P henothiazine Tranquilizers 


IRA BLEI 


Abstract The effects of adenosine diphosphate and triphosphate on 
the periodic acid oxidation of the phenothiazine tranquilizing drugs were 
studied. The principal effect was a marked reduction in the rate of for- 
mation and decay of the drug free radical. The oxidation rates of the 
nucleotide free drugs seemed to be most strongly influenced by the in- 
ductive effects of substituents at the 2-position of the phenothiazine 
nucleus. However, the oxidation rates of the drugs in the presence of 
nucleotide were most strongly influenced by the substituents a t  the 
10-position. Variations of the structure of substituents at the 10-position 
have only a modest effect on the electronic state of the phenothiazine 
nucleus. Therefore, the marked effect of structural variation in the 10- 
substituents in the presence of nucleotide on the periodate oxidation rate 
most likely is an expression of steric effects related to an interaction be- 
tween drug and nucleotide. 


Keyphrases Adenosine diphosphate and triphosphate-effect on 
periodic acid oxidation of various phenothiazines 0 Phenothiazines, 
various-periodic acid oxidation, effect of adenosine diphosphate and 
triphosphate Oxidation-various phenothiazines by periodic acid, 
effect of adenosine diphosphate and triphosphate 0 Nucleotides- 
adenosine diphosphate and triphosphate, effect on periodic acid oxidation 
of various phenothiazines 0 Tranquilizers-various phenothiazines, 
periodic acid oxidation, effect of adenosine diphosphate and triphos- 
phate 


This study was based on an effect observed during a 
fluorescence quenching study of chlorpromazine (1)- 
adenosine triphosphate (11) complex formation, previously 
studied by surface chemical methods (1) and later verified 
by spectroscopic techniques (2). In the presence of nu- 
cleotides, the phenothiazine drug oxidation rates caused 
by UV irradiation were markedly reduced compared with 


nucleotide free drug systems. It was felt that a study of this 
effect might reveal useful details regarding the nucleo- 
tide-drug interaction. The general objective of this work 
was not to obtain absolute rate constants or other kinetic 
parameters but rather to obtain relative reaction rates 
from oxidation systems identical with respect to all vari- 
ables except for structural variations of a group of phe- 
nothiazine tranquilizing drugs. 


EXPERIMENTAL 


Qualitative and quantitative analyses for phenothiazine free radicals 
were performed principally by spectrophotometry. The identity of the 
free radical was verified by parallel electron spin resonance measurements 
(3). The products of oxidation were characterized by TLC, spot tests (4), 
and UV-visible spectrophotometry (5). 


To use spectrophotometry for quantitative analysis, the initial drug 
concentration had to be about 1 X M. The system then had to be 
poised with respect to both nucleotide and oxidant concentrations. The 
nucleotide concentration was made high enough to assure maximal free 
radical formation. The periodic acid concentration was not too low so that 
too small a fraction of drug would be converted to semiquinone nor too 
high so that the reaction would proceed too rapidly for adequate quan- 
titation. A typical final reaction mixture was: drug, 1 X loe3 M ;  11, 1 X 
10-2 M ,  tromethamine (111)-hydrochloride buffer, pH 7.0,2 X M ;  
and periodic acid, 1 X loT2 M .  


A typical experiment was performed as follows. Drug, nucleotide, and 
buffer were added to a volumetric flask and diluted to a precalibrated 
mark with distilled water. An aliquot of periodic acid stock solution was 
then added to begin the reaction, followed by final adjustment of volume. 
Under these conditions, the final pH ranged from 3.0 to 4.0. 


Molar absorptivities were determined by periodic acid oxidation of 
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Figure 1-Time course of periodic acid oxidation of chlorpromazine 
with and without adenosine triphosphate. The reaction mixture con- 
tained:drug, 1 X 10-3M;periodic acid, 1 X 10-2M;pH 7.0 buffer, 2 X 
1W2M; and I t ,  1 X M. Key: A, absorbance a t  525 nm, drug alone; 
0, absorbance at  525 nm, drug plus 11; and 0, 0, electron spin resonance 
signals, drug plus II. 


the drugs in 2 M H2S04 (3). The log of absorbance varied linearly with 
time. Furthermore, different concentrations of periodic acid resulted in 
lines with correspondingly different slopes, all converging on the same 
absorbance value when extrapolated back to zero time. The zero-time 
absorbance values were used to compute the molar absorptivities. The 
value of the I free radical obtained in this way compares well with pre- 
viously published data (6). The absolute values of absorptivities for the 
drug free radicals were not critical for comparison of initial reaction rates. 
This comparison required only that the values were correct relative to 
each other, and the approach described was sufficient to that end. 


The drugs in this study were chlorpromazine', promazine', triflu- 
operazine', fluphenazine2, triflupromazine2, and thi~r idazine~.  Nucleo- 
tides I1 and adenosine diphosphate (IV)4 were used without purification. 
All other materials were reagent grade. Spectrophotometric measure- 
ments5 and electron spin resonance spectra6 were taken at room tem- 
perature. 


RESULTS AND DISCUSSION 


Phenothiazine oxidation is considered to proceed in acid media through 
two consecutive steps (7): 


H+ + R = S+ + e (Eq. 1) 


S + = T + + e  0%. 2) 


where R represents the totally reduced form of the drug, S+ is the free 
radical or semiquinone, and T+ is the totally oxidized phenazathionium 
cation. Depending upon pH and concentration, T+ can react with water 
to form either sulfoxide or aromatic hydroxylated derivatives. 


Over a wide range of experimental conditions and types of drugs and 
nucleotides, the initial stage of the oxidation process resulted only in the 
formation of semiquinone. The second stage of oxidation, semiquinone 


1 Smith Kline and French 
2 E. R. Squibb. 


4 Sigma Chemical Co. 
Sandoz. 


Hitachi-Coleman model 124 double-beam spectrophotometer. 
Varian E3 ESR spectrometer. 


HOURS 


Figure 2-Time course of promazine oxidation by periodic acid in the 
presence of I I .  The reaction mixture contained: promazine, 1 X 
M;periodic acid, 5 X 10-3 M; II, 1 X M; and p H  7.0 buffer, 2 X 
M. Key: 0, absorbance of the drug free radical a t  5lOnm;and 0, twice 
the absorbance of iodine a t  515 nm in carbon tetrachloride. Iodine was 
extracted from reaction mixtures by shaking an  aliquot of reaction 
mixture with an  equal volume of carbon tetrachloride. 


decay in the presence of nucleotide, resulted in complex mixtures of io- 
dine and dehalogenated, demethylated, and variably hydroxylated 
phenothiazine derivatives. The work therefore focused on the initial re- 
action of the oxidation process-uiz., semiquinone formation, for two 
reasons. First, that  approach minimized analytical and kinetic com- 
plexities. Second, since the effects of nucleotide on both free radical 
formation and decay probably reflected the same underlying molecular 
mechanism, little information would be lost by not studying the decay 
process. 


The likelihood of complexation was presumed to be maximized in the 
pH range from 2.0 to 7.0, where the drug was cationic and the nucleotide 
was anionic. It would have been most desirable to poise the system as close 
to pH 7.0 as possible. However, at about that  pH, several complicating 
phenomena occur: formation of neutral (insoluble) drug base, formation 
of drug micelles dependent upon salt type and concentration, and for- 
mation of insoluble periodic acid salts. By employing the described 
conditions, the system was optimized with respect to the electrostatic 
state of the drug and nucleotide and solution homogeneity. 


The reaction of periodate with the phenothiazines is illustrated by two 
types of experiments in Fig. 1. Curve 1 represents the periodic acid oxi- 
dation of I measured spectrophotometrically; curve 2 represents the same 
system, with I1 added, measured both spectrophotometrically and by 
electron spin resonance spectroscopy. In all cases, the data are presented 
as percent of maximum signal of the free radical and absorbance: 


) 100 (Eq.3) 
observed signal 
maximum signal 


96 maximum signal = 


The assumption was that both the absorbance and intensity of the 
electron spin resonance signal were linearly related to free radical con- 
centrations at the drug concentration used. The periodic acid oxidation 
of drug in nucleotide-free systems, as illustrated by curve 1 of Fig. 1, was 
typically biphasic, with the rapid appearance of the free radical followed 
by its equally rapid decay. Under these conditions, the oxidation ap- 
peared to be complete within about 10 min. The presence of I1 dramati- 
cally altered the rates of formation and decay of the free radical, as il- 
lustrated by curve 2 of Fig. l .  The absorbance and electron spin resonance 
data fell on the same curve, satisfying the assumptions concerning the 
relationship of the free radical concentration to both absorbance and the 
electron spin resonance signal and also permitting the legitimate use of 
absorbance as a measure of the free radical concentration in these sys- 
tems. The addition of I1 had a marked stabilizing effect on the I free 
radical. Similar effects were observed when IV replaced 11. 


As the reaction proceeded, other striking differences were observed 
between the pure drug and nucleotide-containing systems (Fig. 2). The 
free radical-stabilizing effects of I1 were best illustrated by the oxidizing 
system employing promazine, since this drug was the least stable phe- 
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Table I-Initial Rates of Drug  Free Radical Formation versus 
Drug  Potency a 


Average 


liters/mole cm mp 


0 1 I I I 


5 10 15 20 
MINUTES 


Figure 3-Time course of oxidation of chlorpromazine in the presence 
of uarying quantities of 11. The reaction mixture contained: drug, 1 X 


M; and no 
I1 (curue 1 ), 5 X lO-5M I 1  (curue 2 ) ,  1 X M II (curue 3) ,  2 X 10-4 
M I 1  (curue 4 ) ,  or 3 X M I I  (curue 5 ) .  


nothiazine. The upper biphasic curve represents the appearance and 
decay of the promazine free radical in the presence of 11. The periodate 
concentration was half that  of the system illustrated in Fig. 1. The 
maximum concentration of the free radical occurred after -4 hr. Under 
the same conditions without 11, the maximum free radical concentration 
was reached in about 5 min and totally decayed in about 20 min. 


The lower curve traces the appearance of iodine. For ease of visual- 
ization, the iodine concentrations are presented as double their actual 
values. Only in the drug-nucleotide systems is iodine a product of the 
drug-periodate reaction. In nucleotide-free, drug-periodate systems, the 
oxidant is reduced to iodate and no iodine is formed. The time course of 
iodine generation is typical for that  of the final product of a two-step 
consecutive reaction system, here probably two consecutive oxidation 
steps. Furthermore, although detailed analyses of the drug oxidation 
products were not undertaken, spot tests and TLC indicated the presence 
of demethylated, dehalogenated, and aromatic hydroxylated products 
in the systems containing nucleotides. However, only the sulfoxide was 
produced in the nucleotide-free systems. 


Control experiments showed that the nucleotide had no effect on the 


M; periodic acid, 5 X 10-3 M; pH 7.0 buffer, 2 X 
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Figure 4-Time eourse of oxidation of 1 X M promazine by 1 X 
M periodic acid in 2 X M pH 7.0 buffer. Curues are labeled 


to represent elapsed times of reaction prior to addition of II sufficient 
to bring the solutions to 1 x M with respect to nucleotide. 


Promazine a75 7000 1 X lo4 (510 nm) 750 
Chlorpro- 250 1750 1 X lo4 (525 nm) 550 


Thioridazine 65 4850 1.5 X lo4 (625 nm) 300 
Triflupro- 40 - 5 X lo3 (500 nm) 200 


mazine 


mazine 


azine 
Trifluoper- 17 630 9.5 X lo3 (500 nm) 9 


FluDhenazine 6 1320 5 x 103 (510 nml 6 


a A typical reaction mixture contained drug, 1 X lO-3M; adenosine diphosphab 
M, and periodic acid, (IV), 1 X 10+ M ;  111-hydrochloride pH 7.0 buffer, 2 X 


1 x 10-2 M .  


periodic acid oxidation of sodium metabisulfite, sodium sulfite, aniline, 
and o-phenylenediamine. Furthermore, exposure of I1 to 0.1 M periodic 
acid for 24 hr had no effect on the nucleotide’s ability to stabilize the drug 
free radical. The effects of I1 concentration on the initial rate of periodate 
oxidation of chlorpromazine are illustrated in Fig. 3. Curve 1 represents 
a nucleotide-free system in which free radical rapidly forms and decays. 
Curves 2-5 represent similar systems with increasing I1 concentra- 
tions. 


These differences in oxidation rates and the nature of products between 
systems with and without nucleotide are best explained as consequences 
of nucleotide-drug complex formation. In an earlier study, intercalation 
or complexation also seemed to provide the basis for the ability of 
deoxyribonucleic acid to stabilize the I free radical (8). This finding posed 
the next question: if a complex was formed, was the complex oxidized 
directly or did the free drug arise from complex dissociation. 


This question was probed by the following experiments (Fig. 4). 
Compound I1 was added as dry powder to buffered promazine-periodic 
acid systems a t  30,60,90, and 300 sec after the oxidation was begun. For 
reference purposes, the lowest curve is a system without nucleotide; the 
free radical concentration rose to a maximum in about 1 min and then 
began to decay. From the data in Fig. 4, it is clear that  the sooner nucle- 
otide is added to the drug-oxidant system, the greater is the extent of 
stable free radical formation. An alternative view is that  the extent of 
stable free radical formation and/or accumulation depends upon the 
concentration of unoxidized drug. The first oxidation step in the drug- 
nucleotide systems therefore appears to be subsequent to a process re- 
quiring both the presence of nucleotide and unoxidized drug-viz., 
complex formation. 


I t  seemed desirable to attempt to correlate the effects of nucleotide 
on drug oxidation with some pertinent biological data. The specific ap- 
proach was to obtain initial oxidation rates of drug-nucleotide systems 
under identical experimental conditions, varying only the nature of the 
drug. The goal was to determine whether or not a reasonable relationship 
between these oxidation rates and the “clinical effectiveness,” i.e., human 
drug dosage for a specific behavioral end-point, could be established. 
Although the specific values for drug dosage (9) may be controversial, 
the relative values of dose ucrsus drug type seem well established. 
Therefore, it was considered satisfactory to use these values to explore 
the relationship between the oxidation rate of the drug-nucleotide 
complex and drug structure. Accordingly, the results of experiments 
designed to obtain these data along with experimental conditions are 
presented in Table I and Fig. 5. Reference to Fig. 5 indicates an apparent 
correlation of initial oxidation rates of drug-nucleotide systems with 
clinical dosages. There appears to be no correlation of initial oxidation 
rates of nucleotide-free drug systems with drug dosages (Table I). 


The differences in oxidation rates among the different drug-nucleotide 
systems may be viewed as reflecting differences in the degree of steric 
hindrance to oxidation as a result of complex formation. Figure 6 illus- 
trates the manner in which nucleotide and drug might interact to form 
a complex. 


In Fig. 6A, space-filling models of I1 and chlorpromazine are poised 
in a relationship allowing an approach favoring complexation. In Fig. 6B, 
the approach is complete and shows a close complementary fit. There 
appears to be ample opportunity for salt formation between phosphate 
groups of I1 and the quaternized terminal nitrogen of the drug’s pendant 
3-(N,N-dimethylamino)propyl group. As a result of this apposition, the 
hydrophobic moieties approach in such a way as virtually to “bury” the 
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INITIAL OXIDATION RATE X 5 X lo7, rnoles/liter/rnin 
Figure 5-Initial rates of phenothiatine drug free radical formation 
in  the presence of I V a s  a function of drugpotency. The  rates u’ere ar- 
bitrarily scaled for convenient comparison of values. Experimental 
details may be found in Table I .  


sulfide sulfur within the domain of the complex (see arrows) and to hinder 
severely the approach of an oxidant, particularly one as bulky as per- 
iodate. Complexation should also reduce the electrostatic attraction 
between the drug cation and the oxidant anion. 


Reference to Fig. 6 shows that the plane of the phenothiazine nucleus 
is normal to the plane formed by the purine and ribose-phosphate 
moieties of the nucleotide. The substituent at  the 2-position is removed 
from the area of contact between the two molecules. Therefore, it should 
have only an electronic inductive effect on the oxidation rate rather than 
a steric effect. 


Promazine and chlorpromazine differ in structure only a t  the 2-posi- 
tion. Reference to Table I indicates a significant effect on the rates of drug 
oxidation by the nucleotide. However, the ratios of promazine oxidation 
rate to that of chlorpromazine in the presence and absence of nucleotide 
are the same to within f7%. This result indicates that the inductive ef- 
fects on the oxidation rate caused by substituents a t  the 2-position con- 
tinue to operate, apparently unmodified by complexation, along with the 
superposition of steric effects caused by substituents a t  the 10-posi- 
tion. 


Substituents at  the 10-position are intimately involved in the proposed 
complex, and differences there should be reflected in the extent to which 
oxidation rates are modified. Fluphenazine, trifluoperazine, and triflu- 
promazine have identical substituents a t  the 2-position but differ in 
structure at  the 10-position. They demonstrated significant differences 
in drug oxidation rates in the presence of nucleotide, not related simply 
to their oxidation rates in nucleotide-free systems (Table I). However, 
the extent of oxidation rate reduction for these three drugs in the presence 
of nucleotide did seem to be related to the dimensions of the substituents 
at  the 10-position; the larger the dimensions, the greater was the reduc- 
tion in the oxidation rate. These facts are consistent with the proposal 
that drugs and nucleotide interact to form a sterically hindered reduc- 
tant. 


The experimental systems described required drug concentrations 
much higher than would ever be encountered in an in uiuo situation. Even 
so, the general relationships demonstrated with this model system would 
not be significantly altered by decreasing drug concentrations to those 
comparable to the in viuo situation where nucleotide concentrations may 
be orders of magnitude greater than those of the drugs. 


The relationship described in Fig. 5 is consistent with the view that, 
within a family of similarly acting drugs, differences in effectiveness are 


Figure 6-Photographs of space-filling models. Key: A, I I  and chlor- 
promazine as they might approach insolution; and B, view of apossible 
model of the resulting complex. The arrows point to the ring sulfur 
atoms for reference. 


related to differences in absorption rates, distributions, and metabolic 
fates. In this particular case, the data indicate that the differences may 
be principally related to metabolic fate: oxidation. Furthermore, the 
clinical or apparent effectiveness of the phenothiazine tranquilizers did 
not correlate with the oxidation rate of free drug but rather of a drug- 
nucleotide complex. Implicit in this finding is the possibility that the 
drugs may exist within the cell to a significant extent in the form of 
drug-nucleotide complexes. The data presented here support the prob- 
ability of the in uitro existence of such complexes. 
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REVIEWS 


Drug Fate and Metabolism: Methods and Techniques, Vol. 1. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016,1977.313 pp. 15 X 23 cm. Price 
$35.00. 
This volume is the first of a proposed series of texts on drug fate and 


metabolism. As indicated by the editors, the intent of this volume and 
future volumes is “to review all the techniques, physical, chemical, bio- 
logical, medical, and mathematical, which can be applied to the study 
of drug fate in the organism. It is addressed primarily to the research 
scientist and is devoted to methods, with only the minimal theory given 
for perspective, appreciation, and proper evaluation of results.” Volume 
I meets these goals, with the major emphasis being placed on the use of 
analytical methods. 


Chapters I and I1 deal with autoradiography and autoradiography in 
cytopharmacology. Both chapters were written by experts in their area 
of speciality and are of particular importance to a novice in autoradi- 
ography. Chapters 111 and IV explore the use of electrophoresis and 
ion-pair extraction and chromatography. Chapter V reviews protein 
binding, and Chapter VI briefly looks at  atomic absorption spectroscopy. 
The use of a fairly recent analytical method, spin immunoassay, is dis- 
cussed in Chapter VII. The last chapter describes facilities and other 
pertinent information needed in animal care. 


The editors state that “it was deemed proper to include chapters on 
methods that would not be modern methods of choice hut are of historical 
importance in evaluating the significance and limitations of the earlier 
studies in these fields.” The selection of these methods is one notable 
weakness that occurs in Volume I. All of the volumes in thisseries ap- 
parently will be required if an individual desires to have the methods most 
frequently used in drug metabolism. Another weakness is that the 
chapters have no rhyme or reason to their order. I t  would be more sensible 
to have the chapter on animal care a t  the beginning of the book since 
metabolism studies are based on the use of animals as a testing source. 


One strong feature of this text, in addition to its being well written, is 
a list of the source of supplies and equipment included in Chapters I and 
111. This list is particularly important in saving time that would otherwise 
be spent in looking for this material. The reviewer recommends this 


volume for the researcher in the area of drug metabolism, especially the 
analytical chemist, pharmacologist, and toxicologist. 


Reviewed by Gerald W. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI 49307 


Martindale: The Extra Pharmacopoeia. 27th Ed. Edited by AINLEY 
WADE and JAMES E. F. REYNOLDS. The Pharmaceutical Press, 
1 Lambeth High Street, London, SEI 7JN, England, 1977.19 X 25.4 
cm. 2077 pp. Price $60. Available from Rittenhouse Book Distributors, 
251 S. 24th St., Philadelphia, P A  19103. 
The 27th edition of “Martindale” is the largest ever published. It has 


been revised thoroughly and updated and extended in coverage. The book 
is divided into six main sections. Part I, the largest, contains monographs 
on more than 3100 drugs and ancillary substances in current use 
throughout the world. Drugs having similar uses or actions are grouped 
together. Part 2, Supplementary Drugs and Ancillary Substances, de- 
scribes 1040 new drugs ’.hat are too recently introduced or of insufficient 
importance to  be incluued in Part 1. Also in Part 2 are monographs on 
obsolescent drugs about which information may still be required. 


Part 3 gives the composition and source of more than 1450 over-the- 
counter medicines marketed in Great Britain. Part 4 is a Directory of 
Manufacturers, listing full names and addresses of over 1400 manufac- 
turers throughout the world. The Index to Clinical Uses, Part 5, is a guide 
to drug usage presented in alphabetical order of diseases. 


The final section, the General Index, has more than 43,000 entries. 
Substances are indexed by generic names, proprietary names, chemical 
names, and synonyms. 


This book represents the most comprehensive reference source of in- 
formation on drugs used throughout the world. Pharmacists as well as 
professionals and students in all health-related and scientific fields will 
find this book most valuable. It is a necessity in every pharmacy and 
medical library. 
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Direct Spectrophotometric Determination of 
Sulfathiazole in Presence of 
Sulfadiazine and Sulfamerazine 


LAWRENCE J. DOMBROWSKI x, ROBERT S. BROWNING, and 
EDWARD L. PRATT 


Abstract A direct spectrophotometric method for the quantitative 
determination of sulfathiazole and the total pyrimidyl sulfonamide 
content in a mixture containing sulfadiazine and sulfamerazine is re- 
ported. This three-component system was readily reduced to the problem 
of a simple two-component system analysis. Based on dual isoabsorptive 
wavelength spectroscopy, simultaneous equations were developed that 
required absorbance measurements a t  only two selected wavelengths, 
both isoabsorptive. The location of the isoabsorptive wavelengths was 
dependent on the pH of the solvent medium, and 0.1 M HCl gave the best 
results. The validity of the derived equations was demonstrated in a re- 
covery study involving synthetic mixtures containing varying quantities 
of the three sulfonamides. The recovery was linear over a wide concen- 
tration range, and the precision of the method was about 1%. 


Keyphrases CI Sulfathiazole-spectrophotometric analysis in mixtures 
with sulfadiazine and sulfamerazine 0 Spectrophotometry-analysis, 
sulfathiazole in mixtures with sulfadiazine and sulfamerazine 0 Sul- 
fonamides-sulfathiazole, spectrophotometric analysis in mixtures with 
sulfadiazine and sulfamerazine Antibacterials-sulfathiazole, spec- 
trophotometric analysis in mixtures with sulfadiazine and sulfamera- 
zine 


Previous quantitation methods for sulfonamides in 
mixtures include paper chromatography (1,2), precipita- 
tion followed by UV absorbance measurement (3), com- 
plexometric titration (4), partition chromatography, TLC, 
and GLC (5-10). Most of these procedures require sepa- 
ration of the individual sulfonamides and are time con- 
suming. 


BACKGROUND 


A direct spectrophotometric procedure was investigated to determine 
sulfonamides in combination more rapidly. Quantitative spectrophoto- 
metric analysis of two components in one system generally has been 
simplified by the use of simultaneous equations (11, 12). This process 
requires that absorbance measurements be made at  two wavelengths, A1 
and X2, chosen so that the absorptivity ratio, al/az, is a maximum at  XI 
and a minimum at  hz. Knowledge of the four absorptivity values then 
permits the determination of both components in an unknown. Dual 
wavelength measurements were used to determine the relative concen- 
tration of two components by a graphical absorbance-ratio method (13). 
This method was greatly simplified when one selected wavelength was 
isoabsorptive, i.e., a wavelength where numerical values of the individual 
absorptivities are equal. However, application of direct spectrophoto- 
metric analysis to three-component systems generally has not found much 
use because it requires absorbance measurements at wavelengths where 
the absorptivity ratios for the various components differ substantially. 
Therefore, this type of analysis is limited, in part, by the width of the 
individual absorption band. In addition, there is almost a complete lack 
of true three-component systems with isoabsorptive points. 


Both sulfamerazine (I) and sulfadiazine (11) in 0.1 M HCl exhibit two 
isoabsorptive points at 239 and 279 nm, respectively. By using these 
analytical wavelengths, it was possible to determine the content of sul- 
fathiazole (111) in a mixture containing all three sulfonamides without 
interference. Also, the sum total concentration of sulfamerazine and 
sulfadiazine was simultaneously obtained. Based on dual isoabsorptive 
wavelength spectroscopy, equations for the three-component system were 
readily reduced to equations for a two-component system, which greatly 
simplified the analysis. The method is illustrated by recoveries from a 
series of solution mixtures containing varying proportions of the three 
sulfonamides. 


I: R = CH:, 
11: R = H 


I11 
In certain cases where complete analyses are not required, the direct 


method based on dual isoabsorptive wavelength spectroscopy may be 
simple to use. 


EXPERIMENTAL 


Chemicals and Reagents-All sulfonamides were USP or NF grade. 
Acetate buffer was prepared by dissolving 27.3 g of sodium acetate 
trihydrate in 1000 ml of water and adjusting the pH to 6.0 with acetic 
acid. 


Instrumentation-UV spectra of sulfamerazine', sulfadiazine', and 
sulfathiazole2 were obtained using a recording ~pectrophotometer~ with 
matched I-cm cells. 


Preparation of Solutions-Individual stock solutions of I, 11, and 
I11 were prepared to contain 100.0 pg of drug/ml of 0.1 M HCl. Various 
aliquots of each stock solution ranging from 1.0 to 6.0 ml were transferred 
to 100-ml volumetric flasks, diluted to volume with 0.1 M HCl, and mixed 
(Table I). The total sulfonamide concentration in the final dilution was 
between 10.0 and 12.0 Hglml, and the sulfathiazole concentration was 
between 1.0 and 5.0 pg/ml. 


Analysis of Tablets-A quantity of the finely powdered tablet mix- 
ture, equivalent to 100 mg of total sulfonamides, was transferred to a 
250-ml erlenmeyer flask. Exactly 100 ml of 0.1 M HCl was added, and 
the flask was shaken mechanically for 15 min to dissolve the sulfonamides. 
The solution was filtered, and 2.0 ml of the filtrate was transferred to a 
100-ml volumetric flask and diluted to volume with 0.1 M HCl. Its ab- 
sorbance was measured a t  239 and 279 nm with 0.1 M HCl as a refer- 
ence. 


RESULTS AND DISCUSSION 


Figure 1 shows the spectra of sulfadiazine (curve D) and sulfamerazine 
(curve M), which have two isoabsorptive points located at  239 and 279 
nm, respectively. The spectrum for sulfathiazole is represented by curve 
T. At either one of these analytical wavelengths, Beer's law for a mixture 
containing the three sulfonamides may be written in general as: 


Aobs = b(alc1 -I ~ Z C Z  -I a3c3) (Eq. 1) 


where c1, c2, and c3 are the sulfamerazine, sulfadiazine, and sulfathiazole 
concentrations, respectively. 


At both isoabsorptive wavelengths, the absorptivities are equal (a  1 = 
a2 = aiso) and the sum total concentration of the isoabsorptive species 
is ct = c1 + c2. Consequently, the three-component system is reduced to 
a two-component system with 


A' = b(a;,,ct f Q Q ' C ~ )  at  239 nm (Eq. 2) 


1 Lederle Laboratories, Pearl River, N.Y. 
2 Eli Lilly, Indianapolis, Ind. 


Perkin-Elmer model 323. 
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Table I-Preparation of Sulfonamide Mixtures 


Total 
Aliquots of Stock Solution, 


ml in Final 


Table 11-Recoveries from Synthetic Mixtures 


Sulfathiazole cta 


Sample pg/ml Recovery, % rg/ml Recovery, % 


1 3.94 98.5 5.93 98.8 
Sample I I1 I11 Dilution, gglml 


1 3.0 3.0 4.0 10.0 
2 3.0 4.0 3.0 10.0 
3 4.0 3.0 3.0 10.0 
4 3.0 3.0 4.0 10.0 
5 2.0 4.0 4.0 10.0 
6 4.0 2.0 4.0 10.0 
7 4.0 4.0 2.0 
8 5.0 4.0 1.0 
9 5.0 3.0 3.0 
10 3.0 5.0 3.0 
11 3.0 3.0 5.0 
12 4.0 4.0 3.0 
13 5.0 5.0 1.0 
14 4.0 4.0 4.0 
15 5.0 5.0 2.0 
16 5.0 2.0 5.0 
17 2.0 5.0 5.0 


10.0 
10.0 
11.0 
11.0 
11.0 
11.0 
11.0 
12.0 
i2.o 
12.0 
12.0 


18 3.0 4.0 5.0 12.0 
19 5.0 6.0 1.0 12.0 


and: 


A” = b(&, ct + a3”c3) a t  279 nm (Eq. 3) 


Equations 2 and 3 can be used to determine the actual concentration 
of sulfathiazole and the total concentration of sulfadiazine and sulfa- 
merazine. These simultaneous equations, when solved, yielded 


and  


To test the validity of Eqs. 4 and 5, the absorbance values at 239 and 
279 nm were obtained for the series of mixed solutions listed in Table I. 
For the calculations, the experimentally derived absorptivity” values for 
each sulfonamide in 0.1 M HCI at  X I  and Xz were employed. The XI and 
X2 values were 57.1 and 12.6 for sulfadiazine, 57.1 and 12.6 for sulfa- 
merazine, and 11.3 and 50.9 for sulfathiazole, respectively. The resulting 
recovery data for both sulfathiazole and the quantity ct are shown in 
Table 11. These results agree well with the known amounts of substances 
added. 


The average recoveries found for sulfathiazole and the ct were 100.2 
f 1.1 and 99.6 f 0.6%, respectively. A 1.2-11.0-fold excess of the mixed 
pyrimidyl sulfonamides did not interfere with the sulfathiazole deter- 
mination. Likewise, sulfathiazole did not interfere with the determination 
of the total pyrimidyl sulfonamide content. In addition, the sum of the 


0.6 C A  


I I 
260 290 320 350 


WAVELENGTH, nm 
Figure 1-UV spectra of sulfamerazine (curue M), sulfadiazine (curue 
D), and sulfathiazole (curue T )  in 0.1 M HC1. Concentration is 10.0 
!.g/ml. 


4 Defined as the absorbance divided by the concentration expressed in grams 
per liter. 


6 4.00 100.0 6.03 100.5 
7 2.01 100.5 8.02 100.3 
8 1.00 100.0 8.84 98.2 
9 2.97 99.0 7.98 99.8 


10 2.99 99.7 7.96 99.5 
11 5.01 100.2 5.96 99.3 
12 3.06 102.0 8.00 100.0 
13 1.00 100.0 9.94 99.4 
14 4.07 101.8 7.98 99.8 
15 2.03 101.5 9.97 99.7 
16 4.98 99.6 6.94 99.2 
17 4.98 99.6 6.94 99.2 
18 4.96 99.2 6.95 99.3 
19 1.03 103.0 10.90 99.1 


Average 100.2 f 1.1 99.6 f 0.6 
a ct = sum of sulfamerazine and sulfadiazine concentration. 


sulfathiazole content and the quantity ct from Table I1 agreed well with 
the total sulfonamide concentrations given in Table I. The average re- 
covery for the latter based on all 19 determinations was 99.7 f 0.5%. 


The effect of various excipients on the recovery from synthetic tablet 
mixtures also was investigated. The following excipients did not interfere 
when added individually or in combination to an equal weight of the 
mixed sulfonamides: starch, talc, magnesium stearate, microcrystalline 
cellulose, lactose, sodium lauryl sulfate, and dibasic calcium phosphate. 
The average recoveries for sulfathiazole and the ct in the presence of these 
excipients were 99.8 f 1.0 and 100.0 f 0.8%, respectively. 


Table 111 shows the results obtained from an analysis of an experi- 
mental triple sulfa tablet preparation. Five individual determinations 
were made from a single composite, and the resulting assays were in good 
agreement with the claimed levels. 


The excellent recovery data reported with this procedure result from 
absorbance measurements taken at or near plateau regions in the spec- 
trum. This fact is evident in Fig. 1 where the slope AAIAX is essentially 
constant a t  the wavelengths of interest. The first isoabsorptive wave- 
length (XI )  is near the absorbance maximum of both pyrimidyl sulfon- 
amides centered at 243 nm; the second isoabsorptive wavelength (A,) is 
located at the minimum between the first and second absorption bands 
of these same compounds. In addition, A, and A2 occur at the minimum 
and maximum absorbances of sulfathiazole. Consequently, at these an- 
alytical wavelengths, the values of the absorptivity ratios and 
aLJa3” are 5.05 (max) and 0.25 (min), respectively. These conditions are 
most favorable for the spectrophotometric determination of two com- 
ponents based on absorbance measurements a t  two selected wave- 
lengths. 


The location and intensity of the absorption bands in the UV absorb- 
ance spectra of 1-111 are both dependent on the solvent pH. Two addi- 
tional pHs were examined to determine if the corresponding spectra were 
amenable to analysis by Eqs. 4 and 5. Figures 2 and 3 show the resulting 
spectra obtained in pH 6 acetate buffer and 0.1 M NaOH. Dual isoab- 
sorptive points were found for the pyrimidyl compounds and showed a 
bathochromic displacement with increasing pH. For example, XI shifted 
from 239 nm in acid to 249 nm in pH 6 buffer and to 266 nm in 0.1 M 


Table 111-Assay Results on a n  Experimental Triple Sulfa Tablet 
Compositea 


Assav Results. % of Claim 
Sulfamerazine 


Determination Sulfathiazole plus Sulfadiazine 


1 98.4 99.1 
2 98.4 98.7 
3 98.9 98.7 
4 98.4 98.4 
5 98.9 98.7 


Average 98.6 f 0.3 98.7 f 0.3 
Claimed milligrams per tablet are: sulfathiazole, 186; and sulfamerazine plus 


sulfadiazine, 317. 
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O.* t + 230 260 290 320 350 


WAVELENGTH, nm 
Figure 2-UVspectra of sulfamerazine (curve M), sulfadiazine (curve 
D), and sulfathiazole (curve T )  in pH 6 acetate buffer. Concentration 
is 10.0 pglml. 


WAVELENGTH, nm 
Figure 3-UV spectra of sulfamerazine (curve M ) ,  sulfadiazine (curve 
D), and sulfathiazole (curve T )  in 0.1 M NaOH. Concentration is 10.0 
iigglml. 


NaOH. Similarly, the shift observed for Xz was from 279 to 291 nm at the 
intermediate pH and finally to 303 nm in base. 


Figures 2 and 3 show that the isoabsorptive points all occur on the steep 
slope of an absorption band. Also, the absorptivity ratios (aiso/u& with 
one exception, are near unity. Consequently, absorbance measurements 
a t  these particular wavelengths in either solvent system are prone to 
considerable error and are not suitable for precise quantitative spectro- 
photometric analysis. This fact was demonstrated in a recovery study 
where both systems were applied to a synthetic tablet mixture. Based 
on six individual determinations, the best relative standard deviation 
obtained was only 6%. The use of 0.1 M HCl offers the obvious advantage 
of providing better precision. 


The proposed method should be well suited for the routine analysis 
of a large number of samples. Both content uniformity testing and dis- 
solution rate determinations of triple sulfa tablets would be practical 
examples. 
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BOOKS 


REVIEWS 


Introduction to  Pharmaceutical Dosage Forms. By HOWARD C. 
ANSEL. Lea & Febiger, Washington Square, Philadelphia, PA 19106, 
1976.415 pp. 18.5 X 26 cm. Price $22.50. 
In this second edition, the organization and content have been exten- 


sively revised. References have been updated and take into account the 
current literature. The purpose of the book still remains to present to “the 
beginning student introductory concepts of dosage form design, manu- 
facture, and utilization” of drugs, with emphasis given to the drug entities 
listed in the official compendia. By selecting the route of administration 
as the framework, the author has succeeded admirably in meeting this 
purpose. 


The content of the revised edition reflects accurately the changes in 
curricula taking place in schools of pharmacy and in the practice of 
pharmacy. It will enable the student to integrate easily basic scientific 
pharmaceutic concepts with current concepts in patient care, thus pre- 
senting a refreshing view in a basic pharmaceutics textbook. The books 
value is increased by the discussion of such topics as drug standards and 
good manufacturing practices and by the new appendix chapter which 
addresses information vital to the beginning pharmacy student. 


While the author extends his appreciation to many who have cooper- 
ated in this effort, one strong point of the second edition, as of the first, 
is its uniformity ol’style. 


This reviewer feels somewhat disappointed in the complete exclusion 
of a discussion of contact lens solutions, which probably differ in dosage 
form design and use sufficiently from ophthalmic solutions to deserve 
some recognition. Also somewhat disappointing is the all too brief dis- 
cussion of radiopharmaceuticals. Nevertheless, it is easy to recommend 
adoption of this book by those responsible for teaching basic pharma- 
ceutics courses. Furthermore, the book can serve well as a reference source 
for those in industry and research. 


Reuiewed by Peter P. Lamy 
School of Pharmacy 
University of Maryland 
Baltimore, MD 21201 


Dispensing of Medication. 8th Ed. Edited by JOHN E. HOOVER. 
Mack Publishing Co., Easton, PA 18042,1976.654 pp. 18 X 26 cm. 
This book represents a modern approach to the subject as evidenced 


by the omission of many chapters dealing solely with the compounding 
of medications on the industrial level or the type of material presented 
in “Preparations” courses. Most authors have presented information 
concerned not only with the fabrication of dosage forms but also with the 
anatomy and physiology of the body organ systems as well as drug ab- 
sorption from the various sites. This approach is entirely in keeping with 
the announced intention of the editor to “aid the patient-oriented 
pharmacist.” 


Keeping this intent in mind while reading the text reveals a lapse from 
time to time. Thus, while an excellent review of bioavailability is pre- 
sented, one wonders if the dispensing pharmacist who is deeply involved 
in patient care should expect to receive some direct pointers regarding 
bioequivalent evaluation of specific products. The chapter on dermato- 
logicals could have presented a clearer description of the effect of oint- 
ment bases in percutaneous absorption and the extent that the clinical 
symptoms determine the selection of dosage form or base in the treatment 
of dermatologic conditions. One wonders if it is still necessary to belabor 
the “ideal monodisperse” suspension or to cover the subject of pills. 


An excellent balanced approach makes the chapter on parenterals 
useful to both hospital and industrial pharmacists. If the pharmacist is 
to monitor parenteral therapy in a rational manner, as suggested by the 
authors, should not criteria for the use of intravenous administration be 
provided? 


The last chapter, Compounding and Dispensing Information, is over 
300 pages and contains a wealth of information on drug interactions and 
incompatibilities. Unfortunately, a portion of this chapter is not pre- 
sented in a format that allows the reader to utilize this information to the 


best advantage. The last 170 pages of this chapter, entitled Specific 
Compounding and Dispensing Information, is an extremely valuable tool. 
It presents physical-chemical properties of drugs and drug products by 
nonproprietary and/or trade names and gives data including incompa- 
tibilities, stability, choice of bases, information the pharmacist must 
consider when dispensing the drug, and information to be given the pa- 
tient. This type of information should be at  every pharmacist’s finger- 
tips. 


This book represents a valuable addition to the library of the practicing 
pharmacist, especially one who is interested in ensuring that patients 
receive proper and optimal pharmaceutical care. The majority of it is well 
written, concise, and explicit while covering the necessary subjects and 
should serve the student well as a text. 


Reviewed by Noel 0. Nuessle 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64110 


Pharmacognosy. 7th Ed. By VARRO E. TYLER, LYNN R. BRADY, 
and JAMES E. ROBBERS. Lea & Febiger, Washington Square, 
Philadelphia, PA 19106, 1976. 537 pp. 18.5 X 26 cm. Price $21.50. 
This book is a revised and updated edition of the single standard 


textbook for pharmacognosy. It is the only reference suitable for general 
use by students in pharmacognosy in the United States. The unique 
position it holds attests to the usefulness of older editions over the past 
years but precludes comparisons with other books on the same 
subject. 


Most of the book is unchanged from the last edition; new chapters 
mainly represent rearrangement of material (e.g., Steroids and Peptide 
Hormones) taken from other sections. Other chapters have been updated, 
but none is totally rewritten. The drugs included are divided into chapters 
based upon the chemical (e.g., volatile oils and alkaloids) or therapeutic 
category (e.g., antibiotics and immunizing agents) classifications. Three 
chapters at the end contain introductory information on subjects difficult 
to find in other pharmacy books: Allergens, Poisonous Plants, and Pes- 
ticides. 


The book has been revised with the expectation of making it more 
applicable to the “patient-oriented pharmacist.” This approach can be 
detected in the information given regarding cardiac glycosides, in the 
immunization schedule, and in the list of diseases caused by various 
microorganisms. This aspect of the revision could have been expanded, 
because the use given for colchicine is simply “suppressant for gout” and 
the only use listed for caffeine is “central stimulant,” even though the 
caffeine-containing prescription specialties listed are all used as anal- 
gesics. A few misleading statements have remained such as ephedrine 
“depressing . . . cardiac muscle action” and dextrose as a “fluid . . . re- 
plenisher.’’ 


The book is recommended as a textbook for all undergraduate phar- 
macognosy students. 


Reviewed by C. Dwayne Ogzewalla 
College of Pharmacy 
University of Cincinnati 
Cincinnati. OH 45267 


Analytical Profiles of Drug Substances, Vol. 5. Edited by KLAUS 
FLOREY. Academic, 111 Fifth Ave., New York, NY 10003,1976. xi 
+ 560 pp. 16 X 23.5 cm. Price $22.50. 


This is the fifth in a series of compilations under the sponsorship of 
the Pharmaceutical Analysis and Control Section of the APhA Academy 
of Pharmaceutical Sciences. It is the intent of these volumes to make 
available in a single source important information about drug substances 
which is scattered through the scientific literature or which may be filed 
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Smooth Muscle Relaxant Properties and Vasomotor 
Actions of 2 -Amino- 1 - p  -nitrophenylpropane- 1,3 -diol 


SACHCHIDANANDA BANERJEE x, CHANDAN MITRA, and 
ARUN KUMAR MIJKHERJEE 


Abstract Experiments with the guinea pig ileum, trachea, and vas 
deferens, the rat fundal strip, the rabbit jejunum and aortic strip, and 
the toad heart indicated that 2-amino-l-p-nitrophenylpropane-I,3-diol, 
the hydrolytic product of chloramphenicol, inhibited smooth muscles. 
Its action was direct and not through any mediators. After intravenous 
administration, the compound produced vasodepression followed by an 
overshooting rise of blood pressure. Vasodepression was not mediated 
by adrenergic, cholinergic, or histaminergic mechanisms. Hypertension 
was a sympathomimetic effect. Muscle relaxant and cardiovascular effects 
of the compound were similar to those of chloramphenicol, although it 
had no antibacterial effect. 


Keyphrases 0 2-Amino- 1 -p -nitrophenylpropane-1,3-diol-evaluated 
for smooth muscle relaxant and vasomotor activities, various guinea pig, 
rat, rabbit, and toad muscles Chloramphenicol and hydrolytic prod- 
uct-evaluated for smooth muscle relaxant and vasomotor activities, 
various guinea pig, rat, rabbit, and toad muscles 0 Relaxants, smooth 
muscle-chloramphenicol and its hydrolytic product evaluated, various 
guinea pig, rat, rabbit, and toad muscles 0 Vasomotor activity-chlor- 
amphenicol and its hydrolytic product evaluated, various guinea pig, rat, 
rabbit, and toad muscles 


In an earlier study (l), chloramphenicol inhibited 
smooth muscles, decreasing both the height and frequency 
of spontaneous contractions; the induced relaxation was 
not mediated through adrenergic, cholinergic, or hista- 
minergic mechanisms. Chloramphenicol is hydrolyzed to 
2-amino-1-p -nitrophenylpropane-1,3-diol (I), which has 
no antibacterial properties (2). Therefore, it was of interest 
to determine if I has muscle relaxant properties like 
chloramphenicol (11) to associate or dissociate the anti- 
bacterial and muscle relaxant properties of 11. Cardio- 
vascular effects of these two compounds also were inves- 
tigated. 


EXPERIMENTAL 


The experimental procedures with smooth muscles of various animal 
species were the same as described earlier for I1 (1). Compound I was used 
in place of 11. 


Adult cats of either sex, 2 . U  kg, were anesthetized with phenobarbital 
sodium, 150 mg/kg im. Standard pharmacological methods (3) were used 
for the cat spinal preparation and blood pressure recording. 


RESULTS 


Effect of I-On Isolated Guinea Pig Ileum-The agonist was ace- 
tylcholine. A significant alteration in the height of contraction of the 
guinea pig ileum was observed with a relatively higher dose of I, 80 pg/ml 
of bath. Incremental increases in concentrations from 80 to 1280 pg/ml 
of bath progressively inhibited the height of contraction (Table I). 


On Isolated Rat Fundal Strip, Isolated Guinea Pig Trachea, Isolated 
Guinea Pig Vas Deferens, and Isolated Rabbit Aortic Strip-The ago- 
nists used were 5-hydroxytryptamine, histamine, epinephrine, and 
epinephrine for the fundal strip, trachea, vas deferens, and aortic strip, 
respectively. The height of contraction (relaxation in the guinea pig 
trachea) was significantly altered at  a relatively high concentration of 
I, 250 pg/ml of bath. Incremental increases in I concentration from 250 
pg to 2 mg/ml of bath progressively reduced the height of contraction 
(Table I). 


On Perfused Toad Heart-Reductions in the rate and height of con- 


Table I-Compound I-Induced Inhibition of Smooth Muscles 
Using Various Agonists 


Inhibition 
Compared to 


Agonist-Induced 
Tissue Agonist, Compound I, Contractiona, 


Preparation pg/ml of Bath pglml of Bath % 


Guinea pig Acetylcholine, 80 23 f 4 
ileum 0.66 160 40 f 4 


320 52 f 15 
640 66 f 15 .. ~~ 


1280 88 f 3 
Rat fundus 5-Hydroxy- 250 20 f 2 


strip trwtamine. 500 32 f 3 
0.25 1000 63 f 7 


2000 79 i 1 
Guinea pig Histamine, 250 11 f 2  


trachea 6.0 500 2 9 f  1 
1000 54 f 6 
2000 80 f 4 


Guinea pig Epinephrine, 250 6 f 0.5 
vas deferens 1.4 500 1 9 f  1 


1000 45 f 1 
2000 92 f 3 


Rabbit aortic EDineDhrine. 250 20 f 2 - .  
strip 15 500 51 f 5 


1000 83 f 6 
2000 90 f 3 


Values are means of seven observations f SE. 


traction of the spontaneously beating toad heart could be observed when 
the minimum dose of I was 250 pg. Incremental increases in the concen- 
tration of I from 250 p g  to 2 mg progressively reduced the amplitude of 
contraction, but the frequency of the beat changed significantly only 
when the I dose was 2 mg, which produced a state of heart contracture 
(Table 11). Although the action of the compound was similar to that of 
chloramphenicol, a much higher dose of the latter was needed to change 
significantly the frequency of the heart beat and to inhibit contraction 
totally (1). 


Epinephrine and histamine were used, and Compound I reduced the 
force and rate of contraction of the heart stimulated by these agonists. 
The protocol and pattern of experiments were similar to those for 
chloramphenicol(1). 


To ascertain that the action of I was direct and not mediated through 
inhibition or release of mediators, the effects of several blocking agents 
were studied. The experiments were similar to those described for 
chloramphenicol(1). The action of I was direct and not influenced by 
mediators (Table 111). 


On Isolated Rabbit Ileum-Epinephrine, 0.133 pg/ml of bath, pro- 
duced maximal relaxation. An increase in the concentration of epi- 
nephrine to 0.267 pglml of bath diminished the relaxation response. 
Phentolamine hydrochloride, 2.5 pg/ml, was added to the bath. After 0.5 
hr, epinephrine, 0.133 pglml of bath, was added. The dose of phen- 
tolamine was sufficient to block the maximum epinephrine-induced re- 
laxation, indicating the total block of adrenergic a-receptors. Compound 


Table 11-Compound I-Induced Inhibition of Rate (Frequency) 
and Height (Amplitude) of Contraction of Toad Heart 


Inhibition", % 


Dose of I, mg Frequency/min Amplitude, mm 


0.25 16 f 3 20 f 3 
0.50 18 f 6 30 f 4 
1 .oo 22 f 4 68 f 2 
2.00 78 f 4 100 (total) 


a Values are means of seven observations f SE. 
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Table 111-Effect of I on the Perfused Toad Heart with Various Agonists and Blocking Agents * 
Effect of Combined Effect 


Agonist or Agonist or ofA onistor 
Effect of I Blocker Used Blocker Blocfer plus I 


Heart Beats per Minute 
Control 


44 f 2 33 + 2 (3 mg) Epinephrine (0.2 pg) 57 f 1, p < 0.005 40 f 4 
41 f 0.5 20 + 5 (3 mg) Histamine (10 pg) 53 f 1, p < 0.005 13 f 4 
55 f 2 22 f 5 (3 mg) Propranolol(O.2 p /ml) 50 f 3 17 f 6 
6 9 f 2  35+2(4mg)  Atropine (0.25 pg/gml) 68 f 4 31 f 3 
44 f 1 29 f 1 (4 mg) Physostigmine (5 pg/ml) 39 f 1 23 f 4 


24 f 0.5 Complete inhibition (3 mg) Epinephrine (0.2 pg) 69 f 1, p < 0.005 Complete inhibition 
25 f 1 Complete inhibition (3 mg) Histamine (10 pg) 32 f 5 Complete inhibition 
25 f 2 Complete inhibition (3 mg) Propranolol(0.2 p /ml) 20 f 3 Complete inhibition 
64 f 3 Complete inhibition (4 mg) Atropine (0.25 pg/&l) 64 f 7 Complete inhibition 
29 f 1 Complete inhibition (4 mg) Physostigmine (5 pg/ml) 25 f 2 Complete inhibition 


Height of Contraction, mm 


0 Values are means of seven observations f SE. Figures in parentheses are the doses of the drug. Total doses of I and agonists are per milliliter of perfused fluid. Differences 
in the values in columns 1 and 4 and in columns 2 and 5 are not statistically significant except where p values are given. 


I, 2 mg/ml of bath, when added to the combined presence of blocker 
(phentolamine) and challenger (epinephrine), produced almost the same 
degree of relaxation as the control response of I. 


On Isolated Rabbit Jejunum-The dose, pattern, and protocol of 
experiments were similar to those used with I1 (1). The minimum con- 
centration of I to produce alteration in the frequency and amplitude of 
spontaneously occurring rhythmic pendular contraction was 250 pg/ml 
of bath. Higher concentrations produced a dose-dependent reduction 
in the frequency of spontaneous contractions. At concentrations above 
2 mg/ml of bath, the jejunum was paralyzed. The normal control rhythm, 
however, could be restored by washing (Table IV). 


When the jejunum was stimulated with 0.01 pg of atetylcholine/ml of 
bath, the frequency of pendular contractions, 15/min, did not change. 
The addition of 1 mg of I/ml of bath in the presence of the same amount 
of acetylcholine reduced the frequency of contractions to four/min (Table 
IV). When barium chloride was added as a nonspecific stimulant, 25 
pg/ml of bath, the frequency of jejunal contractions did not change sig- 
nificantly. Addition of I, 2 mg/ml, reduced the frequency of contractions 
from 12 to five/min. The reduction could be reversed by washing (Table 
IV). 


On Isolated Guinea Pig Trachea-The protocol and pattern of ex- 
periments were similar to those used with I1 (1). Addition of 6 pg of his- 
tamine/ml of bath produced a sustained contraction of the trachea, which 
could be antagonized minimally by 0.25 mg of I/ml and maximally by 2 
mg/ml. When I was added before histamine to the bath, the histamine 
response diminished. The reduction in the height of contraction was dose 
dependent (Table V). 


Diphenhydramine hydrochloride, 2.5 pglml, inhibited the histamine 
response by approximately 76%. The addition of I in the bath, 1 mg/ml, 
further reduced the height of contraction; the total inhibition was 86%. 
Propranolol hydrochloride, 2.5 pg/ml, also reduced the histamine re- 
sponse by lo%, but the addition of I to propranolol reduced the histamine 
response to 82% (Table V). 


On Calcium Release in Bath Fluid-Experiments were performed 
with the isolated rabbit jejunum and rabbit aortic strip as described 
previously for I1 (1). The presence of I did not influence the concentration 
of calcium in the bath, indicating no change in the availability of calcium 
in the tissues. 


Cardiovascular Response to  I and 11-In experiments with cats, 
intravenous injections of both I and 11, 2.5-50 mg/kg, progressively de- 


Table IV-Effect of I on Pendular Contractions of the Isolated 
Rabbit Jeiunum 


Pendular 
Drugs Used per Contractions 


Milliliter of Bath per Minutea 
Control 
I, 0.25 mg 
I, 0.50 mg 
I, 1.00 mg 
I, 2.00 mg 
Acetvlcholine. 0.01 UE 


12 f 0.44 
11 f 0.40 
10 f 0.40 
7 f 1.00 
2 f 0.50 


15 f 0.45 
.I 


p h s  I, 1 mg 4 f 1.00 
12 f 0.45 
5 f 1.00 


Barium chloride, 25 pg 


Values are means of six observations f SE. 
plus I, 2 mg 


creased blood pressure. The vasodepressor responses at higher dose levels 
were prompt and longer in duration (5-10 min). Repeated intravenous 
administration, 2.5 mg/kg, a t  5-min intervals over 30 min, showed no 
evidence of tachyphylaxis or anaphylaxis; i.e., the vascular response 
neither decreased nor increased. Regardless of the dose-response rela- 
tionship, blood pressure did not promptly return to the preinjection 
control levels. The responses of I were similar to those of 11. 


Vasodepressive Response to  I and 11- With Antihistaminic-To 
determine if the vasodepressor response to I and I1 was due to the release 
of endogenous histamine, I and I1 were administered 30 min before and 
after producing histamine block in cats. An intravenous test dose of 
histamine acid phosphate, 0.5 pgkg, was injected 20 rnin before and after 
the intravenous injection of antazoline methanesulfate, 4 mg/kg, to ex- 
amine the efficiency of the histamine block. After a satisfactory, but 
varying, degree of histamine block was established in each animal, the 
intravenous injection of I and 11, 20 mg/kg, produced a vasodepressor 
response in all animals that was identical in pattern and degree to the 
preblock control response (Table VI). 


With 0-Adrenergic Blockade-To determine if I and I1 produced the 
vasodepressor response through direct stimulation of 0-adrenergic re- 
ceptors, they were injected intravenously, 20 mgkg, to cats before and 
after complete &receptor block by propranolol hydrochloride, 0.3 mg/kg. 
To appraise the adequacy of the block, a challenging dose of isoproterenol 
sulfate, 0.01 mgkg, was administered intravenously after the propranolol 
injection. No significant alteration in the vasodepressor responses of I 
and I1 was observed between the pre- and postblocked conditions (Table 
VI). 


With Atropine-To determine if I and I1 produced the vasodepressor 
response by elaboration of mediator acetylcholine, they were adminis- 
tered before and after producing acetylcholine block in cats. An intra- 
venous test dose of acetylcholine, 1 pgkg, was administered 15 min before 
and 45 min after atropine sulfate, 1 mg/kg iv, to examine the efficacy of 
the block. The marked vasodepressor responses to acetylcholine were 
blocked adequately by atropine sulfate in all experiments. After the block 
was established, the intravenous injection of both I and 11, 20 mg/kg, 
produced a vasodepressor response in all animals that was identical in 
pattern and degree to the preblock control response (Table VI). 


With a-Adrenergic Blockade-Compounds I and I1 were injected 


Table V-Effect of I on the  Height of Contraction of Guinea Pig 
Trachea with Agonist and Blocking Agents 


Height of 
Drugs Used per Contrac- 


Milliliter of Bath tiona, mm 


Histamine, 6 pg 
plus I, 0.25 mg 
plus I, 0.50 mg 
plus I, 1 mg 
plus I, 2 mg 


Histamine, 7 pg 
Diphenhydramine, 2.5 pg, plus histamine, 7 pg 
Diphenhydramine, 2.5 pg, plus histamine, 7 pg, plus I, 1 


Propranolol, 2.5 pg, plus histamine, 7 pg 
Propranolol, 2.5 pg, plus histamine, 7 pg, plus I, 2 mg 


13.0 f 0.47 
11.5 f 0.47 
9.0 f 0.57 
6.0 f 1.00 
2.5 f 0.70 


22.0 f 3.40 
5.3 f 0.40 
3.0 f 0.57 


20.0 f 2.20 
4.0 f 1.00 


mg 


a Values are means of six observations f SE. 
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Table VI-Effect of Pretreatment with Blocking Agents on the 
Vasodepressor Action of I and I1 in Anesthetized Cats. 


Reduction in 
Blood Pressure 


Reduction Using Blockers 
followed by I 


11, % Blocker Used or 11, % 


11,20 mg/kg 


with I or 


56 f 6 Antazoline methanesulfate, 4 mg/kg 56 f 8 
42 f 5 41 f 5 
45 f 5 Propranolol hydrochkride, 0.3 mg/kg 41 f 5 


Atropine sulfate, 1 m /kg 


43 f 4 Phentolamine hydrochloride, 5 mg/kg 44 f 4 
38 f 5 Physostigmine salicylate, 0.3 mg/kg 48 f 3 


38 f 6 Antazoline methanesulfate, 4 mg/kg 35 f 4 
47 f 6 Atropine sulfate, 1 mg/kg 45 f 5 
33 f 4 Propranolol hydrochloride, 0.3 mg/kg 39 1 4 


I, 20 mg/kg 


33 f 6 Phentolamine hydrochloride, 5 mg/kg 43 f 6 
40 f 13 Physostigmine salicylate, 0.3 mg/kg 49 f 14 


Values are means of five observations f SE. The mean control blood pressure 
was 90 f 7 mm Hg. 


intravenously, 20 mg/kg, to cats before and after complete a-receptor 
blockade with phentolamine hydrochloride, 5 mg/kg. The adequacy of 
the block was tested by intravenous injection of a challenging dose of 
epinephrine, 1 pg/kg, after the injection of phentolamine. The vasode- 
pression observed was similar in all respects to the pretreated control 
response of I and I1 in all animals (Table VI). 


With Physostigrnine-To determine if the vasodepressor action of I 
and I1 was potentiated or prolonged by acetylcholinesterase inhibition, 
they were injected, 20 mg/kg, before and after the intravenous adminis- 
tration of physostigmine salicylate, 0.3 mg/kg. One hour after physo- 
stigmine injection, there was no significant change in the vasodepressor 
response to either I or I1 (Table VI). Atropine block of the muscarine 
effects of the elevated acetylcholine level induced by physostigmine also 
failed to modify the characteristic vasodepressor response to both I and 
11. 


Effect of Spinal Transection or  Vagotomy on Vasodepressor 
Action of I and 11-Elimination of effects of higher centers by spinal 
transection or of vagal stimulation by bilateral vagotomy could not modify 
the vasodepressive effect of either I or 11. 


Table VII-Vasopressor Response of I and I1 in  Anesthetized 
Cats 


Rise in 
Blood 


Drug Used Pressure”, % 


11,20 mg/kg 39 f 9 
plus pretreatment for 1 hr with phentolamine, 5 


plus pretreatment for 1 hr with propranolol, 0.3 


plus pretreatment for 1 hr with phentolamine, 5 


plus pretreatment for 1 hr with propranolol, 0.3 


2 1 1 7  


10 f 5 


31 f 5 
3 9 f 4  


mg/kg 


mdkg 


mgkg 


mdkg 


I, 20 mg/kg 


0 


Epinephrine, 1 pg/kg 27 f 5 
76 f 7 
44 f 8 
82 f 9 
50 f 15 
94 f 12 
93 f 5 


plus pretreatment for 1 hr with I1 


plus pretreatment for 1 hr with I1 
Epinephrine, 2 pglkg 


Epinephrine, 4 pglkg 
plus pretreatment for 1 hr with I1 
plus pretreatment for 1 hr with I 


Values are means of five observations f SE.  The mean control blood pressure 
was 88 f 3 mm Hg. 


Response to I and I1 with 8-Adrenergic, Acetylcholinergic, or 
Histaminergic Blockades in Isolated Rabbit Aortic Strip Prepa- 
ration-Both I and I1 produced significant dose-dependent relaxation 
in the aortic strip after a contraction was produced by the agonist epi- 
nephrine. After a satisfactory epinephrine-induced contraction for 4 min, 
either I or 11,4 mg/ml of bath, was added at the peak height of contrac- 
tion. The muscle relaxation effect immediately ensued, continued for the 
next 6 min, and was not inhibited by propranolol (0-adrenergic blocker), 
atropine (cholinergic blocker), or antazoline (histaminergic blocker) in 
concentrations of 40 pg/ml of bath added to the bath 10-15 min prior to 
the addition of I or 11. 


Vasopressor Response of I and I1 in Cats-The vasodepression 
produced by I and I1 was followed by a compensatory overshooting rise 
of blood pressure much higher than the basal blood pressure. The re- 
sponse persisted after spinal transection. After a-receptor block with 
phentolamine, 5 mg/kg, for 1 hr, I and I1 behaved differently. The after 
rise of blood pressure was enhanced by I and did not change significantly 
with 11. After @-receptor block with propranolol, 0.3 mg/kg for 20-30 min, 
the vasopressor effects of I and I1 were checked. Epinephrine injected 
intravenously in cats pretreated with I and I1 produced a Potentiated 
vasopressor response in all animals in comparison with the control epi- 
nephrine-induced vasopressor response (Table VII). The response was 
present in spinal transected preparations also. 


DISCUSSION 


Experiments with I clearly indicated a close correlation of results ob- 
tained with I1 (1). Like 11, I not only inhibited the autogenous contractile 
drive but also was active when the contractile mechanism was magnified 
by agonists. Compound I inhibited smooth muscles, nonspecifically acting 
as a nonspecific spasmolytic substance, and the muscle relaxation seemed 
due to a direct action like that of 11. 


The most significant cardiovascular response to both I and I1 was the 
persistent hypotensive action on rapid intravenous injection, which could 
not be inhibited by any of the mediator blocking agents (Table VI). Both 
I and I1 had relaxation effects on rabbit aortic strips not influenced by 
propranolol, atropine, and antazoline. Therefore, I and I1 possibly acted 
directly on vascular smooth muscle, leading to vasodepression in intact 
animals. 


Vasodepressive action of I and I1 was followed by an overshooting rise 
of blood pressure, which could be prevented by @-receptor block. Epi- 
nephrine-induced vasopressor response was potentiated after intravenous 
administration of I and I1 (Table VII). These observations indicated that 
the rise in blood pressure after intravenous administration of I and I1 was 
possibly due to a sympathomimetic effect. 


On hydrolysis, I1 loses dichloroacetic acid and I is formed, which has 
no bactericidal property (2). The smooth muscle relaxation properties 
of I1 seem to be due to the I moiety. 
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Quantitative Analysis of Methadone in Biological Fluids 
Using Deuterium-Labeled Methadone and 
GLC-Chemical-Ionization Mass Spectrometry 


D. L. HACHEY *x, M. J. KREEK *, and D. H. MATTSON * 


Abstract 0 The (+)-, (-)-, and (f)-2Hs-methadones, which contained 
five deuterium atoms in one aromatic ring, were synthesized for use in 
clinical pharmacological studies and as internal standards. GLC- 
chemical-ionization mass spectrometry was used to determine plasma 
and urinary methadone levels by an inverse isotope dilution assay. Plasma 
drug levels could be determined to 10 pmoles/ml, and urine levels could 
be measured to 5 pmoles/ml. Plasma methadone levels were examined 
in several patients undergoing methadone maintenance therapy. These 
levels generally ranged between 100 and 400 ng/ml(32&1300 pmoles/ml) 
after an average oral dose of 1 mg/kg/day. The methadone half-life was 
28.8 f 4.8 hr. 


Keyphrases 0 Methadone-GLC-chemical-ionization mass spectro- 
metric analysis in plasma and urine, deuterium-labeled enantiomers and 
racemate synthesized GLC-chemical-ionization mass spectrometry- 
analysis, methadone in plasma and urine Deuterium-labeled com- 
pounds-(+)-, (-)-, and (f)-2HS-methadones synthesized 0 Stereoiso- 
mers-(+)-, (-I-, and (*b2H5-rnethadones synthesized Narcotic an- 
algesics-methadone, GLC-chemical-ionization mass spectrometric 
analysis in plasma and urine, deuterium-labeled enantiomers and race- 
mate synthesized 


Low level quantitation of methadone in biological 
samples is most commonly done by GLC using the internal 
standard technique (1). This method, however, cannot 
detect quantities less than 10 ng/ml reliably and with high 
precision. Stable isotope-labeled compounds have recently 
proved useful as internal standards for quantitation of 
drugs and drug metabolites in biological fluids (2,3). The 
technique, which involves adding a large excess of labeled 
compound directly to the biological sample, was first uti- 
lized to study the metabolism of nortriptyline (4). Re- 
cently, chemical-ionization mass spectrometry and deu- 
terium-labeled morphine were used to monitor the possible 
abuse of narcotics by methadone maintenance patients 
( 5 ) .  


l-2H3-Methadone and a methadone homolog were used 
to measure plasma levels and turnover rates of methadone 
simultaneously in human subjects (6). In this technique, 
ion intensities were measured by electron-ionization mass 
spectrometry, using the ion resulting from loss of a methyl 
group (M - 15). Quantitative data were obtained by 
comparing peak heights of methadone and l-2H3-metha- 
done to the internal standard, 2-dimethylamino-4,4-di- 
phenyl-5-octanone. Since the chemical properties of 
deuterated drugs are virtually identical with those of the 
parent compound, this procedure overcomes problems 
caused by incomplete extraction and derivatization and 
also minimizes absorptive losses encountered on GLC. 
Chemical-ionization mass spectrometry offers a significant 
advantage in determining isotope ratios on compounds 
obtained from biological sources by improving the 
uniqueness of a particular ion and thus minimizing inter- 
ferences from ions due to natural biological contaminants 
(7). 


The present paper reports synthesis of deuterium-la- 


c1- 


CHCN &cHcN NaOH 


H5 


I 


CH,CH,MgBr 


toluene CH&H,CCCH&HN(CH& 
I 


I1 III 
Scheme I 


beled methadone and its use in measuring picomolar 
quantities of methadone in biological fluids by GLC- 
chemical-ionization mass spectrometry. In addition, the 
synthesis of (+)-2H5-methadone and (-)-2H5-methadone 
also is described. These two compounds will be useful in 
studies of the pharmacological behavior of individual 
methadone enantiomers. 


EXPERIMENTAL 


Melting points were determined using standard techniques, and the 
uncorrected values are reported unless noted differently. Proton NMR 
spectra were obtained in deuterochloroform at 220 MHzl. The data are 
presented in parts per million (ppm) relative to tetramethylsilane. Optical 
rotations were measured using a polmimeter9 GLC analyses were carried 
out using a 1.83-m X 1-mm i.d. glass column packed with 10% W-98 on 
80-100-mesh Gas Chrom Q3. 


Electron-impact mass spectra were run at a source temperature of 150' 
using an ionization potential of 30 eu'. Chemical-ionization mass spectra 
were obtained a t  a source pressure of 0.4 torr methane or isobutane and 
a source temperature of 150°5. Isotope ratios were measured using the 
stable isotope ratiometer-multiple-ion detection system described 
elsewhere (8). 
Synthesis-2-Phenyl-2-(zH~-phenyl)acetonitrile (I) was prepared 


by alkylation of 2Hc-benzene with a-bromophenylacetonitrile according 
to a procedure described by Schultz et al. (9) and suitably modified by 
using carbon disulfide as the solvent for the Friedel-Crafts reaction 
(Scheme I). Thus, from 50 g (0.595 mole) of 2Hs-benzene6, 42 g (0.212 
mole, 36% yield) of I was obtained as pale-yellow crystals. The product 
was pure by GLC analysis. 


(*)-, (+)-, and (-)-4-Dimethylamin0-2-phenyl-2-(~H~-phenyl)- 
valeronitriles (11)-Compound I, 42.0 g (0.212 mole), and 47.5 g (0.300 


1 Model HR-220, Varian Analytical Instruments Division, Palo Alto, CA 


Model M4 QIII, Carl Zeiss, West Germany. 
3 Model 1440 gas chromatograph, Varian Aerograph, Walnut Creek, CA 


Model 270 mass spectrometer, Perkin-Elmer, Norwalk, CT 06852. 
BiosDect auadruDole chemical-ionization mass soectrometer. Scientific Re- 


94303. 


94598. 


search Iistruments, Baltimore, MD 21207. 
6 Containing 99 atom % 2H, Aldrich, Milwaukee, WI 53233. 
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mole) of 1-dimethylamino-2-chloropropane hydrochloride were combined 
in 30 ml of water containing 24 g (0.0600 mole) of sodium hydroxide (10) 
(Scheme I). The reaction mixture was stirred at 88' for 6 hr and then 
cooled, and the product was isolated in ether. The ethereal solution was 
washed with 0.1 N NaOH, and the labeled product was extracted into 
3 N HCl. The aqueous solution was washed twice with ether to remove 
neutral products. 


The free base was obtained by adjusting the pH to 12 with sodium 
hydroxide, extraction into ether, and drying over magnesium sulfate. The 
ethereal solution was clarified with activated charcoal, filtered, and then 
evaporated to dryness. The oily product was crystallized three times from 
hexane to give 23.8 g (0.084 mole, 40% yield) of (&)-II. The racemic 
product was resolved into pure enantiomers by crystallization of the 
tartrate salt as described by Pohland et al. (11). For this reaction, 23.8 
g (0.084 mole) of (&)-I1 and 6.65 g (0.045 mole) of (+)-tartaric acid were 
combined in acetone and refluxed. Sufficient water was added to dissolve 
the reagents. Crystallization was induced by evaporating the solvent in 
the cold and allowing the product to crystallize at  -10' overnight. The 
(-)-I1 bitartrate salt was recrystallized once more from acetone. 


The free base, obtained after neutralization with hydroxide, was 
crystallized twice from hexane. The yield was 8.02 g (0.028 mole, 67% 
yield) of white prisms, mp 97.5-99.0' [lit. (12) mp 99-101'1. The specific 
rotation of the product was [a]?' -50.9' (1-dm cell, 1.0205 g/mU [lit. (11) 
[a]$ -50.0'1. The mother liquors obtained from the resolution were 
combined, and the free base [primarily the (t)-enantiomer] was recov- 
ered. Resolution of the (+)-enantiomer was attempted by treatment of 
the base with (-)-tartaric acid in the manner just described, but crys- 
tallization could not be induced. The free base was recovered and crys- 
tallized twice from hexane to give 11.6 g of (t)-11, mp 87.5-90.0' (cor- 
rected) [lit. (9) mp 97-loo']. 


The specific rotation was determined in ethanol, [a]20".' +31.3" (1-dm 
cell, 1.087 g/ml) [lit. (11) [a]S5 +50.0"]. This specific rotation represents 
an 81% enantiomeric purity. The electron-impact mass spectrum (30 ev) 
showed a base peak at  m/e 72 [M+ - 'CH2C(C6H5)(C62H5)CN]. a weak 
molecular ion a t  m/e 283 (M+), and a characteristic ion at  m/e 197 [M+ 
- .CH$H(CH*)N(CH3)2]. The material was pure by GLC analysis. 


(*), ( t ) - ,  and (-)-2H5-Methadones (111)-Compound (-)-I& 8.021 
g (0.028 mole), was dissolved in 100 ml of anhydrous toluene and treated 
with ethylmagnesium bromide (0.060 mole) at  reflux temperature under 
nitrogen. The intermediate imine was hydrolyzed with 3 N HCI at  reflux 
temperature for 1 hr. Following isolation in ether, (-)-I11 was recrystal- 
lized twice from methanol to give 7.064 g (0.022 mole, 79%) of white 
prisms, mp 96.5-97.0' (corrected) [lit. (12) mp 98.7-99.0'1. The product 
was analyzed by GLC on a 1.83-m X I-mm i.d. glass column packed with 
3% W-98 on 80-100-mesh Gas Chrom Q at 190' and exhibited a single 
peak at  288 sec (the nitrile had a retention time of 232 sec under these 
conditions). 


The electron-impact mass spectrum (30 ev) showed a base peak at  m/e 
72 [M+ - .CHsC(C6H5)(C62H5)CocH2cH3], a weak molecular ion at  m/e 
314 (M+, 0.4%), and several low intensity ions of diagnostic importance. 
These ions aie m/e 172 [M+ - CHZCHCO - CH#H(CH3)N(CH&I, 228 
[M+ - .CH2CH(CH3)N(CH&], and 299 [M+ - CHz]. The chemical- 
ionization mass spectrum (0.4 torr methane, source temperature 130') 
exhibited an intense pseudomolecular ion a t  m/e 315 (MH+), a base peak 
at  m/e 72 [MH+ - CH&(CfiHS)COCH2CH3], and a minor ion at m/e 270 


The NMR spectrum (0.1 M in deuterochloroform) showed proton 
resonance signals a t  6 0.47 (d, J = 6.5 Hz, C7 methyl), 0.83 (t, J = 7 Hz, 
C1 methyl), 2.10 (s, N-methyl protons), 2.32 (m, Ca methylene and c6 
methine protons), and 7.15-7.40 (m, aromatic protons) ppm. The NMR 
spectrum was identical with the published spectrum (13). Integration 
of the aromatic proton signal indicated a 50% deuterium content. The 
isotope composition was determined by methane chemical-ionization 
mass spectrometry on a probe sample using the protonated molecular 
ion and contained 1.2% 2Ho, 1.6% 2Hl, 2.9% 2H2, 8.9% 2H3, 16.8% *H4, and 
68.6% 2Hs species. Since the long-term stability of methadone is poor, 
it was converted to the hydrochloride salt in ethanolic hydrochloric acid. 
The hydrochloride was recovered in 97% yield after two crystallizations 
from ethanol. 


Compound (+)-I11 was prepared from 6.013 g (0.021 mole) of the cor- 
responding nitrile [(%)-I11 in 64% yield. The crystalline product, mp 
95-96' (corrected) [lit. (12) mp 98.7-99.0'1, was pure by GLC and ex- 
hibited mass spectra identical with those obtained for the (-)-enan- 
tiomer. The free base, 3.389 g (0.0107 mole), was converted to the hy- 
drochloride salt in 98% yield. Racemic methadone, (f)-111, was obtained 
by combining equimolar amounts of (+)- and (-)-111. 


Standard Solutions-Methadone hydrochloride and 2Hs-methadone 


[MH+ - HN(CH&]. 


Table I-Linear Regression Analysis Data for Urine and Plasma 
Dilution Curves" 


Curve Slope f SD Jntercept f SD r 


Urineb 0.9986 f 0.0091 0.2221 f 0.0129 0.9999 
Urine 0.9975 f 0.021 1 0.2364 f 0.0302 0.9982 
Plasma 1.0107 f 0.0153 0.1793 f 0.0221 0.9992 
Plasma 1.0352 f 0.0140 0.2040 f 0.0200 0.9993 


Regression data were calculated using the log of the difference in the isotope 
ratio between dilution standards and blank values uersus the log of the molar ratio 
of methadone present in the sample to the internal standard added to the sample. 
b Determined using 3.85 nmoles of internal standard. All other curves were prepared 
using 1.54 nmoles of internal standard. 


hydrochloride were dissolved in water to give a nominal concentration 
of 1 mg/ml. In these studies, either the racemate or one enantiomer was 
used. Stock solutions of urine and plasma, obtained from healthy, 
drug-free adult donors, were made by serial dilution of a 1-ml aliquot of' 
the aqueous methadone hydrochloride stock solution with urine or 
plasma. Concentrations of these solutions ranged from 0.3 pmole to 289 
nmoles/ml of unlabeled methadone. An aqueous solution of 2H5- 
methadone hydrochloride (3.074 nmoles/ml) was prepared for use in 
adding the labeled internal standard to the biological samples. 


Sample Preparation-Plasma or urine, 1 ml, was treated with the 
appropriate amount of internal standard and allowed to equilibrate a t  
room temperature for 1.5 hr. The sample was adjusted to pH 9 with 2 ml 
of 0.5% ammonium hydroxide, and the solution was extracted with 5 ml 
of ethyl acetate. The aqueous layer was discarded, the organic phase was 
extracted a second time with 0.5% ammonium hydroxide, and the aqueous 
phase was discarded. Then the methadone was back-extracted into 2 ml 
of 0.05 N HCI, and the organic phase was discarded. 


The aqueous phase was adjusted to pH 9 and extracted with 5 ml of 
ethyl acetate. The ethyl acetate extract was dried over sodium sulfate 
and evaporated under nitrogen. The samples were dissolved in 20 PI of 
ethyl acetate to give a nominal concentration of 25 ng of methadone/pl. 
A 5-rl aliquot was analyzed by GLC-chemical-ionization mass spec- 
trometry. 


Mass Spectrometric Analysis-Methadone samples were analyzed 
using isobutane chemical-ionization mass spectrometry (0.5 torr source 
pressure and 160' source temperature). Samples (about 50-100 ng each) 
were introduced through the GLC inlet system and were analyzed on a 
1.8-m X 1-mm i.d. glass column packed with 10% W-98 on 80-100-mesh 
Gas Chrom Q at a temperature of 180' and a helium flow rate of 9.2 
ml/min. Under these conditions, methadone had a retention time of 7.3 
min and the pyrrolidine metabolite had a retention time of 4.3 min. Iso- 
tope ratios were measured using the stable isotope radiometer-multi- 
ple-ion detection system described by Klein et al. (8). 


Standard Dilution Curves-Urine dilution curves were routinely 
prepared by treating 1 ml of urine stock solutions with 1.75-3.85 nmoles 
of 2Hh-methadone hydrochloride. Plasma dilution curves were prepared 
by treating 1 ml of plasma stock solutions with 1.75 nmoles of 2 H ~ -  
methadone hydrochloride. In all cases, a plasma or urine blank value also 
was determined. 


Isotope ratios were obtained using isobutane chemical ionization and 
by monitoring the protonated molecular ions at  m/e 310 and 315 for 
methadone and 2H5-methadone, respectively. Dilution curves were 
constructed by plotting the log of the difference in the isotope ratio be- 
tween the dilution standard and the plasma or urine blank against the 
log of the mole ratio of methadone to the internal standard. 


RESULTS AND DISCUSSION 


The most attractive position for labeling methadone with deuterium 
is on one of the aromatic rings. These positions are chemically inert and 
offer the advantage that several deuterium atoms may be introduced into 
the molecule from an inexpensive precursor (2HG-benzene). Although 
methadone and its pyrrolidine and pyrroline metabolites may be hy- 
droxylated in the aromatic ring, this metabolic pathway is minor and does 
not interfere with the use of I11 for quantitative purposes. 


To relate the observed isotope ratio to the mole composition of an 
isotopic mixture, standard isotope dilution curves were routinely pre- 
pared for both plasma and urine methadone standards by adding a known 
amount of internal standard (typically 2-4 nmoles) to each sample. The 
samples were allowed to  stand a t  4O for 1.5 hr to permit equilibration of' 
protein-bound methadone with the internal standard. Samples were then 
extracted and analyzed. In both cases, plasma and urine blank values also 
were determined. 
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Figure 1-Comparison of plasma methadone levels by GLC and by 
GLC-chemical-ionization mass spectrometry (r = 0.79 and slope = 0.93). 
These data were obtained over 6 months from several individuals 
undergoing maintenance therapy. 


The protonated molecular ions observed at m/e 310 and 315 in the 
isobutane chemical-ionization mass spectra for methadone and 2Hs- 
methadone, respectively, were used to measure the isotope ratios. Stan- 
dard isotope dilution curves were used to relate the observed integrated 
ion intensity ratio of methadone to 2Hs-methadone (1:310/1:31~) present 
in a sample to the mole ratios of methadone to 2Hs-methadone 
(MzHo/MzHs) in that sample. The logarithm of the difference in the iso- 
tope ratio between the dilution s p p l e  and the plasma or urine blank (log 
D): 


was plotted on the ordinate. 
The logarithm of the mole ratio of methadone, MzHO, present in a 


sample to the amount of internal standard, MzH5, added to the sample 
(log M): 


log D = log [(1310/1315)sample - (1310/1315)blankI (Eq. 1) 


logM = log 5 (Eq. 2) [ MzH] 
was plotted on the abscissa. 


The technique of using the difference in isotope ratios between the 
standard and the unknown yields more reproducible data by minimizing 
small daily variations in mass spectrometer performance. Plasma and 
urine methadone isotope dilution curves were prepared for concentrations 
ranging from 0.3 pmole to 289 nmoles/ml. Both curves covered a useful 
linear range of 5 pmoles/ml to 289 nmoles/ml. These concentrations are 
typical of those encountered in samples obtained from patients receiving 
methadone maintenance therapy at doses of 40-100 mg/day. Occasion- 
ally, there was interference in the plasma methadone assay from a com- 
ponent in blood that obscured both the GLC peak and the ion at m/e 310. 
This contaminant was difficult to remove completely, and it interfered 
with the plasma assay below 10-15 pmoles/ml. Back-extraction of 
methadone into dilute hydrochloric acid, as described, partially elimi- 
nated this interference. 


To preserve the accuracy of isotope ratio measurements throughout 
the calculations (the coefficient of variation is typically 5% at an isotope 
ratio of 1001), the data were treated as logarithms. Slopes and intercepts 
were calculated using standard linear regression techniques (14). The 
linear regression data (Table I) were obtained over 6 months and show 
excellent long-term reproducibility. The slight difference observed in 
the slopes and intercepts between plasma and urine curves was not sta- 
tistically significant. The correlation coefficients indicate a tight fit of 
the data to the regression line. 


The GLC-chemical-ionization mass spectrometric method presented 
was used to determine urinary methadone levels in a sample obtained 
immediately postpartum from an infant whose mother was maintained 
on methadone during pregnancy. Two samples (500 and 100 ~ 1 )  were 
analyzed. The samples contained 19.0 f 1.1 and 19.6 f 1.1 pg/ml (22.6 
pg/ml by GLC), respectively, for the runs, indicating that the determi- 
nation was independent of sample size. 


Plasma methadone levels in several individuals receiving a daily oral 
maintenance dose (1 mg/kg) of methadone were examined by a GLC 
method (15) and by the described procedure. Figure 1 shows the corre- 
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Figure %-Plasma methadone levels observed in an individual receiving 
80 mglday (1 mgfkglday) of methadone. Levels were measured by GLC 
(0 )  and GLC-chemical-ionization mass spectrometry (m). 


lation between plasma drug levels measured by these two methods. Linear 
regression analysis of these data gives a slope of 0.93 ( r  = 0.79 and n = 
30) and an intercept of 90 ng/ml. These data suggest that the difference 
from zero of the intercept may be due either to overestimation by the 
GLC-chemical-ionization mass spectrometric procedure or to underes- 
timation by the GLC procedure. In the former case, the presence of a 
background ion at mle 310 would raise the estimated mole ratio and give 
inflated values for methadone present in the sample. Since this effect did 
not occur in those direct recovery studies conducted on aqueous, urinary, 
and plasma standards, this contaminant possibility is not the cause. 


Methadone is extensively bound to both albumin and globulin fractions 
of plasma proteins (16). Presumably, solvent extraction of a drug causes 
denaturation of plasma proteins and allows equilibration of free and 
bound methadone. However, using ethyl acetate, the extent of protein 
denaturation is not known and may be incomplete. Methadone may also 
be occluded in the denatured protein matrix that occurs at the interface 
between the organic and aqueous phases and may not be completely 
extracted. Quantitative studies of plasma methadone levels by GLC in- 
volve adding a small mass (-1-5 ng) of 3H-methadone to the sample to 
serve as a recovery marker in the extraction of methadone from plasma7. 
It is assumed that the radiotracer is fully equilibrated with the 100-400 
ng of methadone present and bound to plasma proteins and that all 
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Figure 3-Pharrnacokinetic analysis of plasma methadone levels in 
an individual receiving 100 mg of methadonelday PO. Methadone leuets 
were measured by GLC-chemical-ionization mass spectrometry. The 
rapidly changing curve (- - -)  represents the distribution phase (a) of 
the plasma methadone level-time profile (T,/zo = 0.79 hr). The slowly 
changing curve (. . a)  represents the elimination phase (8) of the drug 
(Tl,zs = 28.8 hr). 


of radiolabeled methadone through the extraction and back-extraction 
pr~%?~~~scribed ranges from approximately 55 to 65% for plasma and from 
approximately 85 to 90% for urine (M. J. Kreek, C. L. Gutjahr, J. W. Garfield, D. 
V. Bowen, and F. H. Field, Ann. N.Y. Acad. Sci., in press). The remainder of the 
radioactivity is left in the aqueous, protein-containing fraction. 
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binding sites are equivalent, which may not be the case (17). Incomplete 
equilibration of the small mass of radiolabeled methadone with various 
protein-bound fractions of methadone may result in an artificially high 
estimate of drug recovery based on recovery of the radioactive marker. 
If this were true, the apparent dilution would respond to changes in the 
specific activity of the radioactive marker. These studies are currently 
in progress. 


Data presented in Fig. 2 show the plasma methadone levels in an in- 
dividual maintained on 80 mg of methadone/day. Plasma methadone 
levels were measured for 2 successive days following administration of 
the maintenance dose at  0 and 24 hr. Plasma drug levels generally ranged 
between 100 and 400 ng/ml and were consistent with those obtained 
previously (18,19). The GLC curve showed consistently lower plasma 
levels than the GLC-chemical-ionization mass spectrometric curve, even 
though the profiles of the plasma disappearance curves were very simi- 
lar. 


Data obtained using the GLCxhemical-ionization mass spectrometric 
procedure are sufficiently accurate and reproducible to permit phar- 
macokinetic studies in human subjects. Figure 3 shows the plasma 
methadone disappearance curve for a study conducted in a patient re- 
ceiving 100 mg of methadone/day. These data were fitted to a two-com- 
ponent exponential function [y = 1876 exp (-0.87t) + 268 exp (-0.024t)l 
by a weighted nonlinear, least-squares computer program. The half-life 
for the elimination phase (p) of the plasma disappearance curve was 28.8 
f 4.8 hr. Methadone clearance, defined as the sum of all hepatic and renal 
excretory routes and biotransformation pathways (20), was 125 ml/min 
in this patient*. 


The described procedure has a lower detection limit of about 5 
pmoles/ml in urine and about 10 pmoles/ml in plasma. Since the required 
sample volume is only 1 ml, the assay is actually about five times more 
sensitive than the procedure described by Sullivan et al. (6), which re- 
quires 4 ml of plasma. The limiting factor in their procedure is the low 
abundance of the ion [mle 294 (M - 15)+] used for quantitative ion ratio 
measurements. The procedure described here uses one of the most intense 
ions in chemical-ionization mass spectrum of methadone [mle 310, 
(MH)+l. 


The sensitivity of the present method is also about a factor of 15-20 
better than GLC procedures (19,21), which require a larger volume of 
plasma. This method will permit more accurate measurement of low 
methadone levels present in adolescent heroin addicts on methadone 
maintenance therapy who are receiving lower dosages (5-40 mg/day) and 
in newborn infants whose mothers are maintained on methadone. This 
method will also permit studies in animal models in which plasma 
methadone levels are lower and turnover rates are much faster than in 
humans. 
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REVIEWS 


Drug Fate and Metabolism: Methods and Techniques, Vol. 1. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016,1977.313 pp. 15 X 23 cm. Price 
$35.00. 
This volume is the first of a proposed series of texts on drug fate and 


metabolism. As indicated by the editors, the intent of this volume and 
future volumes is “to review all the techniques, physical, chemical, bio- 
logical, medical, and mathematical, which can be applied to the study 
of drug fate in the organism. It is addressed primarily to the research 
scientist and is devoted to methods, with only the minimal theory given 
for perspective, appreciation, and proper evaluation of results.” Volume 
I meets these goals, with the major emphasis being placed on the use of 
analytical methods. 


Chapters I and I1 deal with autoradiography and autoradiography in 
cytopharmacology. Both chapters were written by experts in their area 
of speciality and are of particular importance to a novice in autoradi- 
ography. Chapters 111 and IV explore the use of electrophoresis and 
ion-pair extraction and chromatography. Chapter V reviews protein 
binding, and Chapter VI briefly looks at  atomic absorption spectroscopy. 
The use of a fairly recent analytical method, spin immunoassay, is dis- 
cussed in Chapter VII. The last chapter describes facilities and other 
pertinent information needed in animal care. 


The editors state that “it was deemed proper to include chapters on 
methods that would not be modern methods of choice hut are of historical 
importance in evaluating the significance and limitations of the earlier 
studies in these fields.” The selection of these methods is one notable 
weakness that occurs in Volume I. All of the volumes in thisseries ap- 
parently will be required if an individual desires to have the methods most 
frequently used in drug metabolism. Another weakness is that the 
chapters have no rhyme or reason to their order. I t  would be more sensible 
to have the chapter on animal care a t  the beginning of the book since 
metabolism studies are based on the use of animals as a testing source. 


One strong feature of this text, in addition to its being well written, is 
a list of the source of supplies and equipment included in Chapters I and 
111. This list is particularly important in saving time that would otherwise 
be spent in looking for this material. The reviewer recommends this 


volume for the researcher in the area of drug metabolism, especially the 
analytical chemist, pharmacologist, and toxicologist. 


Reviewed by Gerald W. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI 49307 


Martindale: The Extra Pharmacopoeia. 27th Ed. Edited by AINLEY 
WADE and JAMES E. F. REYNOLDS. The Pharmaceutical Press, 
1 Lambeth High Street, London, SEI 7JN, England, 1977.19 X 25.4 
cm. 2077 pp. Price $60. Available from Rittenhouse Book Distributors, 
251 S. 24th St., Philadelphia, P A  19103. 
The 27th edition of “Martindale” is the largest ever published. It has 


been revised thoroughly and updated and extended in coverage. The book 
is divided into six main sections. Part I, the largest, contains monographs 
on more than 3100 drugs and ancillary substances in current use 
throughout the world. Drugs having similar uses or actions are grouped 
together. Part 2, Supplementary Drugs and Ancillary Substances, de- 
scribes 1040 new drugs ’.hat are too recently introduced or of insufficient 
importance to  be incluued in Part 1. Also in Part 2 are monographs on 
obsolescent drugs about which information may still be required. 


Part 3 gives the composition and source of more than 1450 over-the- 
counter medicines marketed in Great Britain. Part 4 is a Directory of 
Manufacturers, listing full names and addresses of over 1400 manufac- 
turers throughout the world. The Index to Clinical Uses, Part 5, is a guide 
to drug usage presented in alphabetical order of diseases. 


The final section, the General Index, has more than 43,000 entries. 
Substances are indexed by generic names, proprietary names, chemical 
names, and synonyms. 


This book represents the most comprehensive reference source of in- 
formation on drugs used throughout the world. Pharmacists as well as 
professionals and students in all health-related and scientific fields will 
find this book most valuable. It is a necessity in every pharmacy and 
medical library. 


Staff review 


1664 I Journal of Pharmaceutical Sciences 








Synthesis, Physicochemical Properties, and 
Antitumor Activities of 
Analogs of l-Phenyl-3-benzyl-3-methyltriazenes 


WILLIAM J. DUNN, III', and M. J. GREENBERG 


~ 


Abstract To study the effect of substituents on the antitumor ac- 
tivities of analogs of l-phenyl-3-benzyl-3-methyltriazenes, a series of 
compounds was designed and synthesized in which the substituent on 
the 1-phenyl was an electron-withdrawing group and the substituent on 
the 3-benzyl had a broad range of physicochemical properties, Of the 13 
analogs prepared and tested against Sarcoma-180 in the mouse, five 
showed significant activity. The results were submitted to discriminant 
analysis to determine structure-activity relationships. 


Keyphrases Triazenes, substituted-synthesized, antitumor activity 
evaluated, mice Antitumor activity-evaluated in various substituted 
triazenes, mice Structure-activity relationships-various substituted 
triazenes evaluated for antitumor activity 


For l-phenyl-3,3-dimethyltriazenes (I) (l), activity 
against Sarcoma-180 in the mouse recently was reported 
to be a function of the Hammett sigma constant for X, the 
phenyl group substituent. This relationship is given by: 


$130 = 3.41 (&0.03) - 0.69 ( f0 .09)~  (Eq. 1) 


where pC130 is -log C130, and C is the molar concentration 
per kilogram of mouse required to increase the lifespan of 
the treated group 30% over the control. The derivatives on 
which the equation is based were designed using the cluster 
analysis scheme proposed by Hansch et al. (2). 


The unusual aspect of this relationship is that activity 
is a function of the electronic nature of X. In a study of the 
structure-activity requirements of triazenes of Structure 
11, Hansch et al. (3) proposed that lipophilicity is signifi- 
cant in determining the level of activity against L-1210 in 
the mouse. 


This report describes the synthesis and evaluation, as 
antitumor agents, of a series of triazenes of general 
Structure 111. 


EXPERIMENTAL 


n = 13 r2 = 0.85 s = 0.09 


Synthesis-The triazenes were prepared by coupling the appropriate 
benzylamine with a diazonium cation using the procedure of Rondestvedt 


N=N-N (CH,), x a- 
I 


0 


I 


111 


and Davis (4). The benzylamines were obtained commercially or were 
prepared using a reported procedure (5). The procedure is illustrated here 
for the synthesis of IIIb. The structures were verified by IR, PMR, and 
mass spectrometric methods (Table I). 


For IIIb, p-chlorobenzaldehyde (35.1 g) in dry benzene (75 ml) was 
placed in a three-necked flask equipped with a distilling trap. An aliquot 
of 200 ml of benzene saturated with methylamine was added, and the 
mixture was refluxed for 24 hr. Benzene was distilled at reduced pressure, 
and the imine that resulted was dissolved in absolute methanol. To this 
mixture was added sodium borohydride (14 g) in 70 ml of methanol. 


After refluxing for 4 hr, the mixture was cooled to Oo and acetone was 
added to decompose the excess hydride. The mixture was extracted with 
3 N HC1 and ether to remove unreduced starting material. The amine 
was regenerated with 6 N sodium hydroxide and extracted with ether. 
The amine was dried, taken up in ether, and purified as the hydrochloride. 
The yield was 16.4 g (34%), mp 204' [lit. (5) mp 205'1. 


The amine (9.08 g) was reacted with the diazonium cation generated 
from p-aminobenzoic acid (5.48 g) and sodium nitrite (2.76 g) at -5'. The 
coupling reaction with the benzylamine at 0' yielded 6.20 g (51%) of tri- 
azene, mp 168' (methanol). 


Anal.-Calc. for C15H14ClN302: C, 59.31; H, 4.99; N, 13.84. Found: C, 
59.70; H, 4.76; N, 14.11. 


Partition Coefficients-1 -0ctanol-water partition coefficients were 
determined according to a reported procedure (6). Those for the car- 
boxylic acids were determined at pH 7.4 and corrected for ionization using 
the pKa = 4.20 determined for p-(3,3-dimethyl-l-triazeno)benzoic acid 
by the method of Bordwell and Cooper (7). 


Hydrolysis-Each p-(3-benzyl-3-methyl-I-triazeno)benzoic acid was 
dikolved in methanol (10 ml). A 1-ml aliquot was taken from this solution 
and placed in a 100-ml volumetric flask. The volume was adjusted to 100 
ml with pH 7.0,O.Ol M phosphate buffer, preheated to 37'. The disap- 
pearance of the maximum absorption for each triazene was followed 
spectrophotometrically. 


Rate constants were calculated from the absorbance data using the 
technique of Guggenheim (8), and tll2 values are given in Table I. Rate 
constants also were determined as a function of pH for triazenes IIIa and 
IIIc (Fig. 1). 


Biological Testing-The triazenes were tested for activity against 
Sarcoma-180 ascitic tumor in the mouse using a modification of the 
procedure of Sartorelli et al. (9). Donar mice were sacrificed by asphyx- 
iation with chloroform, followed by removal of the top skin layer of the 
intraperitoneal cavity, and fluid was removed. A threefold dilution of this 
fluid was made with sterile saline, and 0.1 ml (approximately 2 X I@ cells) 
was injected into 1518-g female albino Swiss mice. Each test group was 
composed of six mice; a control group of six mice was determined for each 
test. 


The triazenes were suspended in sterile saline and administered on 
alternate sides of the intraperitoneal cavity 24 hr after implantation. This 
dosing was repeated daily for 3 days. Initial dosage levels were set at 0.25, 
0.38, and 0.50 of the LDm for that particular drug; other dosage levels were 
in this range. The mice were observed daily, and the day of death was 
recorded. 


A dose-response curve was generated from which the log dose (milli- 
grams per kilogram) required to give TIC = 130% was obtained. The error 
in such a determination can be as high as 25%. Compound IIId, although 
active, did not give a suitable dose-response curve from which a standard 
response curve could be obtained. 


The LD50 values were determined by the procedure of Turner (10) 
using suspensions prepared as previously described. The LD50 values 
reported were the moles per kilogram of animal lethal to 50% of a group 
of five mice in 1 week. Each LD50 was determined from a dose-response 
curve derived from at  least four test groups. The activities are reported 
in Table I. 


Discriminant Analysis-Analyses were carried out using a standard 
statistical package. The physicochemical constants were either deter- 
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Figure I-The pH-rate profile for l l la (0) and I I lc  (A). 


mined or obtained from published compilations (11, 12) (Table 11). In 
the analysis, prior probabilities for activity or inactivity were set as being 
equal. 


RESULTS AND DISCUSSION 


The synthetic procedures used to prepare this class of compounds 
generally gave good yields. The partition coefficients show that they were 
very lipophilic; the tert- butyl analog was too lipophilic to obtain a reliable 
measurement. At pH 7, the triazenes were relatively stable to hydrolysis, 
with t 1/2 in the range of 2.5-4.0 days. Hydrolysis is acid catalyzed, as can 
be seen from the pH-rate profile in Fig. 1. 


The mass spectral fragmentation for the triazenes in this study pro- 
duced fragments resulting mainly from cleavage of the 2-3-nitrogen bond 
of the triazene group. Thus, the fragmentation patterns were those of the 
diazonium cation and the henzylamine that resulted from such cleavage. 
For analogs in which X = COOH and Y varies, the fragmentation is given 
in Scheme I. When Y is electron withdrawing, the base peak is the benzoic 
acid cation; it is the substituted tropylium ion when Y is electron do- 
nating. 


There was very little difference in the antitumor activities on a molar 
basis. The same was true for the toxicities; the analogs were essentially 
equitoxic. Since the compounds showed little variation in activity, they 
could not be used in a Hansch analysis. 


The 13 analogs were classified as active and inactive and subjected to 
discriminant analysis. This technique was recently shown to he useful 
in classifying inhibitors of monoamine oxidase (10) on the basis of their 


Table 11-Physicochemical Parameters 


Com- 


IIIa -0.406 0.196 0.00 0.00 
IIIb -0.40b 0.81 0.00 0.23 
IIIC -0.406 -0.01 0.00 0.78 
IIId -0.406 -0.44 0.00 0.66 
IIIe -0.40b 0.71 0.00 -0.17 
IIIf -0.40b 0.39 0.00 -0.27 


-0.40b -0.68 0.00 0.00 
-0.40b 2.24b 0.00 -0.20 
-0.22 0.19 0.66 0.00 


pound f x  fY OY a 


% 
IIIi 
IIIj -0.22 0.81 0.66 0.23 
IIIk 0.81 0.81 0.37 0.23 
1111 -1.28 0.11 0.36 0.00 
IIIm -1.230 0.196 0.50 0.00 


Correlation Matrix 


ACT fx fY O X  OY 
0.09 ACT 1.00 0.42 0.48 -0.37 


f, 0.42 1.00 0.22 0.01 0.18 .. ~ 


0.48 0.22 1.00 0.02 0.38 
-0.37 -0.01 0.02 1.0 -0.05 


1.00 
>; 
0 .Y 
OW 0.09 0.18 -0.38 -0.05 


a Reference 12. b Reference 11. 


U 
m/e 149 m/e 119 + Y I 


m/e 51 


\ 
1 


m/e 39 


t - CH,=NCH, 


Y 


m/e 76 + Y 
Scheme I 


physicochemical properties. Ideally, the procedure results in a function 
that classifies the molecules into an active group and an inactive group. 
The results are given in Table 111. The analysis classifies 11 of the 13 
compounds correctly; one from each category is misclassified. 


An examination of the discriminant functions shows that these results 
are consistent with a previous report (1) in that  activity appears to be 
associated with electron-donating groups for the substituent X. Variation 


Table 111-Discriminant Analysis Results 


Linearized Discriminant Funct ion 


ACT 


0 1 


Constant  -0.59 -1.52 
ACT 0.00 0.00 


0.26 2.96 
3.79 -0.62 
1.19 4.32 


fY 
O X  


O Y  
Probabili ty of Membership in ACT 


Classi- 
fied 


From into 
Observed ACT ACT 0 1 


0 0 0.60 0.40 
1 1 0.12 0.88 
0 1 0.19U 0.81 


IIId 1 0 0.52a 0.48 
IIIe 1 1 0.39 0.61 
IIIf 0 0 0.67 0.33 
IIG 0 0 0.94 0.06 
IIIh 1 1 0.01 0.99 
IIIi 0 0 0.96 0.03 
IIIj 0 0 0.72 0.28 
IIIk 1 1 0.4 1 0.58 
1111 0 0 0.90 0.10 
IIIm 0 0 0.93 0.07 


aMisclassified observation. 


1418 I Journal of Pharmaceutical Sciences 







a t  Y does affect activity, with the more lipophilic and electron-with- 
drawing groups being classified as active. 


The detection of the role of lipophilicity is consistent with the report 
of Hansch et al. (3), who found that the activity of analogs of I1 was a 
function of the lipophilicity of the substituents a t  the 3-nitrogen. 


The interpretation of these results in terms of the mode of action of 
the triazenes can only be viewed as suggestive a t  this point. It was sug- 
gested previously that the triazenes must be demethylated to  form an 
active metabolite (13). The compounds in this study are subject to such 
activation, but the physicochemical effect on metabolism of substituents 
removed from the site of N-demethylation has not been studied for tri- 
azenes. Therefore, further work is necessary before conclusions can be 
drawn. 
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Rapid and Sensitive Direct TLC Fluorometric Method for 
Evaluation of Impurities in Oxytetracycline 


GILBERT J. WILLEKENS 


Abstract A rapid partition TLC method for the determination of 
oxytetracycline and its degradation products is described. Quantitative 
determination of the substances is performed by direct TLC fluorometry 
in 2 hr using plates prepared previously. 


Keyphrases 0 Oxytetracycline and impurities-TLC fluorometric 
analyses in prepared solutions TLC fluorometry-analyses, oxytet- 
racycline and impurities in prepared solutions Fluorometry, TLC- 
analyses, oxytetracycline and impurities in prepared solutions Anti- 
bacterials-oxytetracycline and impurities, TLC fluorometric analyses 
in prepared solutions 


Tetracyclines are sensitive to both acidic and alkaline 
degradation media (1). Storage under adverse moisture 
and temperature conditions gives rise to acidic degradation 
products. The first stage of acidic degradation is the for- 
mation of anhydro compounds, which have attracted a 
great deal of attention because of their potential toxicity 
(2 ,3) .  


Although the most likely degradation products of oxy- 
tetracycline (I) are not toxic, an accurate and convenient 
analytical method is needed to investigate the purity of 
commercial I samples. Anhydrooxytetracydine (II), ep- 
ioxytetracycline (III), a-apooxytetracycline (IV), and /3- 
apooxytetracycline (V) occur as impurities in I, but little 
information has been published about their quantitative 
evaluation. 


Compound I was determined by UV spectrophotometry 
(4) and fluorometry (5). Degradation products were sep- 
arated from I by paper chromatography (6,7). Some acidic 


degradation products of I were determined chromato- 
graphically using paper impregnated with 10% (w/v) urea 
in pH 5.0 Mcllvaine’s buffer (8). After elution, I was 
quantitated by spectrophotometry. 


Compounds 11, IV, V, and terrinolide (VI) were sepa- 
rated on a kieselguhr layer (9). Compound I also was sep- 
arated from its impurities on a diatomaceous earth column, 
and I and V were evaluated by spectrophotometry (10). 


The use of paper chromatography is undesirable (6-8) 
because the procedure is lengthy and not reproducible. A 
TLC separation of 11, IV, and V from I on kieselguhr (9) 
could not be achieved in this laboratory. 


The TLC procedure presented is rapid and allows the 
quantitation of traces of 11-V in I by direct TLC fluo- 
rometry. The method is reproducible and is sensitive to 


pg of 11-V in a 1% (w/v) solution of I. 


EXPERIMENTAL 


Reagents-Disodium ethylenediaminetetraacetate (VII), ethylene 
glycol, acetohe, ethyl formate, ethyl acetoacetate, and sodium hydroxide 
were analytical grade. Kieselguhr GI was used. 


Preparation of PIates-A slurry of 20 g of kieselguhr and 47 ml of 
5% (wlv) aqueous VII, previously adjusted to pH 9 with 20% NaOH, was 
prepared* and spread on glass plates at  a thickness of 0.250.30 mm. The 
plates were dried in air for a minimum of 2 hr at  room temperature (25’); 
a transverse channel of approximately 1-mm width was drawn in the layer 


1 Macherey, Nagel & Co, D-516 Duren, Germany. 
2 Desaga applicator, Heidelberg, Germany. 
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BOOKS 


REVIEWS 


Introduction to  Pharmaceutical Dosage Forms. By HOWARD C. 
ANSEL. Lea & Febiger, Washington Square, Philadelphia, PA 19106, 
1976.415 pp. 18.5 X 26 cm. Price $22.50. 
In this second edition, the organization and content have been exten- 


sively revised. References have been updated and take into account the 
current literature. The purpose of the book still remains to present to “the 
beginning student introductory concepts of dosage form design, manu- 
facture, and utilization” of drugs, with emphasis given to the drug entities 
listed in the official compendia. By selecting the route of administration 
as the framework, the author has succeeded admirably in meeting this 
purpose. 


The content of the revised edition reflects accurately the changes in 
curricula taking place in schools of pharmacy and in the practice of 
pharmacy. It will enable the student to integrate easily basic scientific 
pharmaceutic concepts with current concepts in patient care, thus pre- 
senting a refreshing view in a basic pharmaceutics textbook. The books 
value is increased by the discussion of such topics as drug standards and 
good manufacturing practices and by the new appendix chapter which 
addresses information vital to the beginning pharmacy student. 


While the author extends his appreciation to many who have cooper- 
ated in this effort, one strong point of the second edition, as of the first, 
is its uniformity ol’style. 


This reviewer feels somewhat disappointed in the complete exclusion 
of a discussion of contact lens solutions, which probably differ in dosage 
form design and use sufficiently from ophthalmic solutions to deserve 
some recognition. Also somewhat disappointing is the all too brief dis- 
cussion of radiopharmaceuticals. Nevertheless, it is easy to recommend 
adoption of this book by those responsible for teaching basic pharma- 
ceutics courses. Furthermore, the book can serve well as a reference source 
for those in industry and research. 


Reuiewed by Peter P. Lamy 
School of Pharmacy 
University of Maryland 
Baltimore, MD 21201 


Dispensing of Medication. 8th Ed. Edited by JOHN E. HOOVER. 
Mack Publishing Co., Easton, PA 18042,1976.654 pp. 18 X 26 cm. 
This book represents a modern approach to the subject as evidenced 


by the omission of many chapters dealing solely with the compounding 
of medications on the industrial level or the type of material presented 
in “Preparations” courses. Most authors have presented information 
concerned not only with the fabrication of dosage forms but also with the 
anatomy and physiology of the body organ systems as well as drug ab- 
sorption from the various sites. This approach is entirely in keeping with 
the announced intention of the editor to “aid the patient-oriented 
pharmacist.” 


Keeping this intent in mind while reading the text reveals a lapse from 
time to time. Thus, while an excellent review of bioavailability is pre- 
sented, one wonders if the dispensing pharmacist who is deeply involved 
in patient care should expect to receive some direct pointers regarding 
bioequivalent evaluation of specific products. The chapter on dermato- 
logicals could have presented a clearer description of the effect of oint- 
ment bases in percutaneous absorption and the extent that the clinical 
symptoms determine the selection of dosage form or base in the treatment 
of dermatologic conditions. One wonders if it is still necessary to belabor 
the “ideal monodisperse” suspension or to cover the subject of pills. 


An excellent balanced approach makes the chapter on parenterals 
useful to both hospital and industrial pharmacists. If the pharmacist is 
to monitor parenteral therapy in a rational manner, as suggested by the 
authors, should not criteria for the use of intravenous administration be 
provided? 


The last chapter, Compounding and Dispensing Information, is over 
300 pages and contains a wealth of information on drug interactions and 
incompatibilities. Unfortunately, a portion of this chapter is not pre- 
sented in a format that allows the reader to utilize this information to the 


best advantage. The last 170 pages of this chapter, entitled Specific 
Compounding and Dispensing Information, is an extremely valuable tool. 
It presents physical-chemical properties of drugs and drug products by 
nonproprietary and/or trade names and gives data including incompa- 
tibilities, stability, choice of bases, information the pharmacist must 
consider when dispensing the drug, and information to be given the pa- 
tient. This type of information should be at  every pharmacist’s finger- 
tips. 


This book represents a valuable addition to the library of the practicing 
pharmacist, especially one who is interested in ensuring that patients 
receive proper and optimal pharmaceutical care. The majority of it is well 
written, concise, and explicit while covering the necessary subjects and 
should serve the student well as a text. 


Reviewed by Noel 0. Nuessle 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64110 


Pharmacognosy. 7th Ed. By VARRO E. TYLER, LYNN R. BRADY, 
and JAMES E. ROBBERS. Lea & Febiger, Washington Square, 
Philadelphia, PA 19106, 1976. 537 pp. 18.5 X 26 cm. Price $21.50. 
This book is a revised and updated edition of the single standard 


textbook for pharmacognosy. It is the only reference suitable for general 
use by students in pharmacognosy in the United States. The unique 
position it holds attests to the usefulness of older editions over the past 
years but precludes comparisons with other books on the same 
subject. 


Most of the book is unchanged from the last edition; new chapters 
mainly represent rearrangement of material (e.g., Steroids and Peptide 
Hormones) taken from other sections. Other chapters have been updated, 
but none is totally rewritten. The drugs included are divided into chapters 
based upon the chemical (e.g., volatile oils and alkaloids) or therapeutic 
category (e.g., antibiotics and immunizing agents) classifications. Three 
chapters at the end contain introductory information on subjects difficult 
to find in other pharmacy books: Allergens, Poisonous Plants, and Pes- 
ticides. 


The book has been revised with the expectation of making it more 
applicable to the “patient-oriented pharmacist.” This approach can be 
detected in the information given regarding cardiac glycosides, in the 
immunization schedule, and in the list of diseases caused by various 
microorganisms. This aspect of the revision could have been expanded, 
because the use given for colchicine is simply “suppressant for gout” and 
the only use listed for caffeine is “central stimulant,” even though the 
caffeine-containing prescription specialties listed are all used as anal- 
gesics. A few misleading statements have remained such as ephedrine 
“depressing . . . cardiac muscle action” and dextrose as a “fluid . . . re- 
plenisher.’’ 


The book is recommended as a textbook for all undergraduate phar- 
macognosy students. 


Reviewed by C. Dwayne Ogzewalla 
College of Pharmacy 
University of Cincinnati 
Cincinnati. OH 45267 


Analytical Profiles of Drug Substances, Vol. 5. Edited by KLAUS 
FLOREY. Academic, 111 Fifth Ave., New York, NY 10003,1976. xi 
+ 560 pp. 16 X 23.5 cm. Price $22.50. 


This is the fifth in a series of compilations under the sponsorship of 
the Pharmaceutical Analysis and Control Section of the APhA Academy 
of Pharmaceutical Sciences. It is the intent of these volumes to make 
available in a single source important information about drug substances 
which is scattered through the scientific literature or which may be filed 
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away in the laboratories of pharmaceutical scientists. Each drug profile 
provides useful information and data in the following general areas: de- 
scription, physical properties, synthesis, stability and degradation, me- 
tabolism, analysis (for the drug substance, in its dosage forms, and in 
biological fluids), pharmacokinetics, and literature references. Physical 
properties include IR, NMR, UV, and mass spectral data, melting point, 
solubility data, crystal properties, and pK values where applicable. An- 
alytical methods encompass titrimetry, chromatography, colorimetry, 
spectrophotometry, elemental analysis, and related techniques. 


Each profile is presented in a well-organized and systematic manner. 
Each is introduced by a table of contents, followed in an orderly sequence 
by individual categories of specifications, and concluded by an extensive 
listing of quoted references. This compendium is printed clearly and is 
replete with tables and graphical presentations. Data are readily located 
and concisely presented with only a minimum of descriptive information. 
Maximum utilization is made of the available space. 


This volume brings to a total of 97 the number of drugs for which 
profiles have thus far been prepared, including the 18 in Volume 5. These 
volumes serve well as companion books to the official compendia by 
presenting a wealth of data that supplement and are not duplicative of 
material found in the compendia. As noted in the Forward to Volume 1 
of this series, the delegates to the 1970 meeting of the United States 
Pharmacopeial Convention adopted a resolution that consideration be 
given to the publication of just such a companion compendium. While 
the USPC did not undertake this project, it is worthy of note that a 
number of contributors to this series, including its esteemed editor, are, 
in fact, members of the USP Committee of Revision. 


In view of the fact that  fewer than 100 drug profiles have appeared in 
the first five volumes of this series, and with the mandate for USP XX 
to include all drugs currently official in USP XIX and NF XIV, all drugs 
added in their annual supplements, some 600 nonofficial drugs selected 
by the outgoing Subcommittee on Scope of the USP a t  its final meeting 
in January 1975, and new drugs marketed since that date, it is obvious 
that pharmaceutical scientists have their work cut out for them. It is 
worth repeating here the editor’s invitation that: “All those who have 
found the profiles useful are earnestly requested to contribute a mono- 
graph of their own. The editors stand ready to receive such contribu- 
tions.” Hopefully, there will be an overwhelming response to this invi- 
tation. 


This burgeoning library of “Analytical Profiles” is a must for all who 
are engaged in pharmaceutical research. 


. 


Reuiewed by Martin I. Blake 
College of Pharmacy 
University of Illinois 
Chicago, I L  60612 


Aromatic and Heteroaromatic Chemistry. Vol. 4. A Specialist Pe- 
riodical Report. Edited by C. w. BIRD, G. w. H. CHEESEMAN, 
et al. The Chemical Society, Burlington House, London W1V OBN, 
England, 1976. 513 pp. 14.5 X 22.5 cm. Price f28.00. 
This volume comprises an in-depth review of the literature abstracted 


between July 1974 and June 1975 and covered by volumes 81 and 82 of 
“Chemical Abstracts.” The organization of the report follows the es- 
tablished pattern of previous volumes. 


There are 14 chapters written by 15 international scientists who are 
specialists in their fields. Most of the chapters include an introduction 
indicating the parameters established by the author(s) and the reviews 
on the subject published during the time period. A particularly helpful 
feature is that all literature citations are included as footnotes on the page 
that contains the abstract, thus eliminating the time consuming and 
thought-interrupting process of turning to the end of the chapter when 
a specific reference is desired. Another helpful feature is a complete au- 
thor index. 


The chapter titles include: Ring Systems of Topical Interest, Inter- 
molecular and Intramolecular Cyclization Reactions in Ring Synthesis, 
Cycloaddition Reactions, Ring Transformations, Electrophilic Substi- 
tution on Carbon, Electrophilic Substitution on Heteroatoms, Nucleo- 
philic Substitution, Aromatic Substitution by Free Radicals, Carbenes 
and Nitrenes, Addition Reactions, Ring Cleavage Reactions, Reactions 
of Substituents, Porphyrins and Related Compounds, Naturally Oc- 
curring Oxygen-ring Compounds, and Other Naturally Occurring Com- 
pounds. The volume comprises 513 pages and includes 2750 literature 
citations. 


The book is well illustrated with many chemical structures and reaction 
mechanisms. These illustrations are numbered sequentially and placed 
in close proximity to their text reference, thus affording a free flowing 
continuity which contributes to the overall excellent readability of the 
material. 


This treatise is an extremely well-organized and readable volume and 
should serve to stimulate fresh approaches in the ever more sophisticated 
areas of aromatic and heteroaromatic synthetic chemistry. I t  is recom- 
mended to all chemists who are actively involved in synthetic organic 
chemistry or who wish to be up to date and informed about research ac- 
tivity in aromatic and heteroaromatic chemistry. 


Reviewed by Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, MA 02115 


Handbook of Analysis of Organic Solvents. By VACLAV SEDIVEC 
and JAN FLEK. Halsted, 605 Third Ave., New York, NY 10016,1976. 
455 pp. 16 X 23.5 cm. Price $42.50. 
Within this volume the authors have compiled an extensive aggregate 


of information concerning the chemical and physical properties and the 
analysis of organic solvents. Following a brief discussion of sampling and 
drying techniques, procedures are described for the determination of the 
physical properties and quantitative identification of unknown samples. 
After a presentation of methods for the analysis of two- and three-com- 
ponent mixtures by physicochemical methods, the basics of GC are de- 
scribed using a general procedure. Relative retention times are given for 
many common solvents using six different stationary phases. 


The second part of the book deals with solvents as individual classes 
of organic compounds. The most frequently encountered solvents are 
described in depth, listing synonyms, chemical properties, usual im- 
purities, and azeotropes. Tables containing extensive physical data are 
included. Detection methods, derivatives, and quantitative procedures 
are described in detail with corresponding literature references. Three 
appendixes covering 80 pages include a listing of the boiling points of 
solvents and their azeotropic mixtures, the major physical properties, 
and an alphabetical listing of universally used trade names. 


This handbook represents a valuable accumulation of a myriad of facts 
and procedures which will be of use to the analyst, the chromatographer, 
and the synthetic organic chemist, all of whom frequently require data 
or techniques to utilize or analyze organic solvents. 


Reviewed by Allen L. Jacobs 
Pharmacy and Analytical Research De- 


partment 
Sandoz, Inc. 
East Hanouer, NJ 07936 


The National Formulary and t.he USP  Guide to Select Drugs. Edited 
by W. M. HELLER, G .  K. WURSTER, C. A. DICKIE, and J. W. 
WHEATLEY. U S .  Pharmacopeial Convention, 12601 Twinbrook 
Parkway, Rockville, MD 20852, 1976. 295 pp. 10 X 14.5 cm. Price 
$3.00. 
This convenient pocket-size book is intended to be a companion to the 


official compendia and the USAN Dictionary and is the first compilation 
of its kind subsequent to the consolidation of the USP and NF. Its pur- 
pose is “to highlight those drugs that should receive attention and be used 
as preferred drugs.” 


The book contains an alphabetical list of both generic and brand names 
of effective and useful drugs, with the preferred drugs in boldface type. 
The entries also contain dosage forms and strength; indication of whether 
prescription, nonprescription, or DEA controlled; and the pharmaco- 
logical classification. In addition, there is a cross-index by therapeutic 
classification. 


This book should be useful as a personal prescribing and dispensing 
guide and as a basic list of preferred drugs for health facilities and various 
organizations. 


Staff Reuiew 
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Constituents of West African Medicinal Plants XIX: 
Funiferine N-Oxide, a New Alkaloid from 
Tiliacora funifera (Menispermaceae) 


D. DWUMA-BADU *, T. U. OKARTER, A. N. TACKIE *, 
J. A. LOPEZ, D. J. SLATKIN, J. E. KNAPP, and P. L. SCHIFF, Jr. 


Abstract A phytochemical investigation of the roots of Tiliacora 
funifera (Menispermaceae) resulted in the isolation and identification 
of funiferine N-oxide, a new bis(benzylisoquino1ine) alkaloid. 


Keyphrases 0 Funiferine N-oxide-isolated from extract of roots of 
Tiliacora funifera, structure elucidated Tiliacora funifera-extract 
of roots, funiferine N-oxide isolated and identified Alkaloids-funi- 
ferine N-oxide, isolated from extract of roots of Tiliacora funifera, 
structure elucidated 


Tiliacora funifera (T. warneckei) Engl. ex Diels 
(Menispermaceae) is a stout spreading undershrub or 
woody climber found in the grassy regions and thickets 
along coastal areas of Ghana (1). The plant is used natively 
as a medicinal for the treatment of gastric fevers, stran- 
gulated hernia, and menstrual irregularities (2). 


A number of alkaloids have been isolated from several 
Tiliacora species. Tiliacorine, a biphenyldibenzodioxin 
bis(benzylisoquino1ine) alkaloid, was isolated from T. 
acurninata (3), T. racemosa (4,5), and T. funifera (6); its 
diastereoisomer, tiliacorinine, was found in T. racemosa 
(5) and T. dinklagei (7). Several secondary amine deriva- 
tives of tiliacorine and tiliacorinine were isolated, including 
nortiliacorinine A from T. racemosa (5), T. funifera (8) ,  
and T. dinklagei (7); nortiliacorinine B from T. racernosa 
(5); and nortiliacorine A from T. funifera (8). Funiferine 
(I), a nondibenzodioxin bis(benzy1isoquinoline) biphenyl 
alkaloid, was found in T. funifera (6,9,10) and T. dink-  
Zagei (7); tiliageine (II), a closely related base, was isolated 
from T. dinklagei (7, 11). Furthermore, several incom- 
pletely characterized alkaloids were isolated from T. 
triandra (12) and T. racemosa (13, 14). 


This paper reports the isolation and identification of 
funiferine N-oxide (111), a new alkaloid from the roots of 
T. funifera. This base, previously isolated from T. funifera 
(15), was designated TB-2. This study was undertaken to 
reisolate and subsequently identify this alkaloid to the 
exclusion of the other known alkaloids (6, 8-10) of this 
species. 


DISCUSSION 


Dried, powdered roots were extracted by percolation with ethanol, and 
the ethanolic extract was concentrated (40°, in uacuo) to a syrupy residue. 
The residue was partitioned between dilute hydrochloric acid and chlo- 
roform, and the acidic fraction was made basic with ammonium hydroxide 
and extracted with chloroform. The chloroform extract was chromato- 
graphed over silicic acid in chloroform and chloroform-methanol mix- 
tures. Elution with chloroform-methanol (955) afforded a fraction that 
was twice rechromatographed over silicic acid in chloroform-methanol 
mixtures to afford a mixture of I and 111. These bases were subsequently 
separated by preparative TLC. 


+44.0° (c 0.1, methanol); A,, (methanol): 216 (log e 4.75) and 288 (3.95) 
nm; urnax (KBr): 1500 cm-l. The NMR spectrum showed signals at 6 2.62 
(s, 3H) and 3.16 ( s ,  3H) ppm, corresponding to two N-methyl groups, the 


Compound 111 was obtained as a white powder, mp 207-209' dec.; 


latter at a lower field than expected (16); 3.27 (s,3H), 3.51 (s,3H), 3.81 
(s,3H), and 3.91 (s, 3H) ppm, corresponding to four 0-methyl groups; 
and 6.30-7.55 (m, 9H) ppm, corresponding to nine aromatic protons. The 
mass spectrum showed the molecular ion at m/e 638 (32) and other sig- 
nificant fragment ions at  m/e 622 (loo), 621 (75), 607 (18), 515 (l), 431 
(I), 430 (I), 396 (251, 395 (83), 381 (30), 198 (72), 175 (25), and 174 
(32). 


These spectral data were indicative of a bis(benzylisoquino1ine) al- 
kaloid with a molecular ion 16 mass units higher than that of I and a 
prominent M - 16 ion characteristic of N-oxides (17,18). Furthermore, 
the NMR spectrum showed that one N-methyl signal was shifted 
downfield (6 3.16 ppm), which is also characteristic of N-oxides (19,20). 
Therefore, it was considered likely that I11 was an N-oxide of I or a closely 
related base. To prove this assumption, it was decided to reduce I11 with 
sulfurous acid (21) to the parent base. 


Treatment of I11 with sulfurous acid overnight afforded I, identical 
by a direct comparison (UV, IR., NMR, and mass spectra; TLC; and 
melting point and mixed melting point) with an authentic reference 
sample (10). Thus, I11 corresponded to a funiferine N-oxide, and it re- 
mained to be established with which nitrogen atom in funiferine the oxide 
was associated. A comparison of the NMR chemical shift values of I11 and 
I showed that the methoxy signals (I, 6 3.39,3.48,3.79, and 3.87 ppm; and 
111, b 3.27,3.51,3.80, and 3.89 ppm) and the aromatic signals [I, 6 6.33-7.25 
(9H) ppm; and III,6 6.30-7.55 (9H) ppm] were similar. Furthermore, one 
of the two N-methyl signals of each was quite similar (I, 6 2.36 and 2.64 
ppm; and 111, 6 2.62 and 3.16 pprn). 


The NMR spectral signals for the N-methyl groups of I can be postu- 
lated as 6 2.36 for N-2 (ring A) and 6 2.64 for N-2' (ring D). This postu- 
lation is valid since a controlled oxidation of bis(benzylisoquino1ine) al- 
kaloids with potassium permanganate in acetone is reported to cleave 
the benzylic bond of the isoquinoline moiety, which is unsubstituted at 
C-8 (or C-8'9, to afford a tertiary lactone and an aromatic aldehyde (22). 
Oxidation of 0-methylfuniferine (IV) gave a product (V) with N-methyl 
signals a t  6 2.32 and 3.05 ppm, assigned to the N-2 (ring A) and N-2' (ring 


I: R, = CH,, R, = H 
11: R, = R, = H 


I V :  R ,  = R ?  = CH, 


V 
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D) positions, respectively. Therefore, the NMR spectral signals for the 
N-methyl groups of I can be unequivocally established as 6 2.36 ppm for 
the ring A group and 6 2.64 ppm for the ring D group. Since the signal a t  
6 2.36 ppm in I is shifted downfield to 6 3.16 ppm in 111 and the signal a t  
6 2.64 ppm in I is virtually in the same position (6 2.62 ppm) in 111, the 
structure of 111 as a funiferine N-oxide may be assigned as shown. 


Finally, I11 was prepared by oxidation of I according to established 
procedures (21) for the preparation of N-oxides. Treatment of I in ethanol 
with hydrogen peroxide (15%) for 30 min at room temperature gave at 
least four compounds (TLC) in addition to unreacted starting material. 
Repeated chromatography of this mixture over silica gel G afforded a 
compound that was identical with 111 by a direct comparison (UV, IR, 
NMR, and mass spectra; melting point and mixed melting point; and 
TLC). 


It is unlikely that I11 is an artifact formed during the isolation proce- 
dure, since it can be detected by TLC in fresh extracts of T. funifera roots. 
In addition, I subjected to the same isolation procedure as described 
earlier does not produce detectable amounts of 111. 


This paper is the first reported isolation of an N-oxide from a Tiliacora 
species and of an N-oxide of the bis(benzylisoquino1ine) group. Alkaloid 
N-oxides previously were reviewed, and it was suggested that many al- 
kaloids might occur naturally in the form of their N-oxides (23). Nu- 
merous plant families contain alkaloid N-oxides, including the Apocy- 
naceae (24). Leguminosae (25), Gramineae (26), Polygonaceae (27), 
Rubiaceae (28), Solanaceae (20), Monimiaceae (29), Ranunculaceae (30), 
Boraginaceae (31), Compositae (32), and Orchidaceae (33). N-Oxides 
have been reported for many differing alkaloidal classes such as mono- 
meric indole (26), dimeric indole (24), pyrrolizidine (32), quinolizidine 
(251, aporphine (29), tropane (34), pyridine-pyrrolidine (20), and pi- 
peridine (33). 


EXPERIMENTAL1 


Plant Material-The plant material2 was collected in Ghana in 1975. 
The roots were separated from the aboveground material, dried, and 
ground to a coarse powder. 


Extraction a n d  Fractionation-T. funifera roots (6 kg) were ex- 
tracted with 95% ethanol (40 liters) in a glass percolator to yield a syrupy 
residue (57 g), which was partitioned between 5% hydrochloric acid (700 
ml) and chloroform (700 ml) three times. The aqueous layer was made 
basic with ammonium hydroxide and extracted with chloroform (700 ml) 
four times. These chloroform extracts were pooled, dried over anhydrous 
sodium sulfate, and evaporated in uacuo to yield a nonquaternary alka- 
loid fraction (10 9). 


Chromatography and Isolation of 111-The nonquaternary alkaloid 
fraction was dissolved in chloroform (50 ml) and chromatographed over 
a silicic acid3 (100 mesh) (600 g) column prepared by slurry in chloroform. 
Elution was begun with chloroform, and the polarity was increased 
gradually by the addition of methanol. Fractions, 500 ml, were collected 
and monitored by TLC. Eventual elution with chloroform-methanol (41) 
afforded a fraction (1.2 g) that was dissolved in chloroform-methanol 
(95:5) and chromatographed over a column of silica gel G4 (80 mesh) (180 
g) prepared by slurry5 in chloroform-methanol (95:5). 


Elution was begun with chloroform-methanol (95:5), and the polarity 
was gradually increased by the addition of methanol. Fractions of 50 ml 
were collected and monitored by TLC. Eventual elution with chloro- 
form-methanol (91)  gave a fraction (180 mg) (Rf 0.37,0.42, and 0.60) that 
was subsequently rechromatographed over a column of silica gel G (80 
mesh)4 (180 g) prepared in the same manner5 as before. Elution was begun 


1 Melting points were taken on a Thomas-Hoover apparatus or aFisher-Johns 
apparatus and are uncorrected. UV spectra were obtained on a Perkin-Elmer model 
202 recording spectrophotometer, and IR spectra were determined on a Perkin- 
Elmer model 257 recording spectrophotometer in potassium bromide pellets. NMR 
s ectra were recorded in deuterated chloroform on a Hitachi Perkin-Elmer model 
8-24 high-resolution spectrometer, with tetramethylsilane as the internal standard 
and chemical shifts reported in 6 (parts per million) units. Mass spectra were taken 
with a LKB-9000 mass spectrometer. The optical rotations were measured on a 
Perkin-Elmer model 241 polarimeter. TLC was done on silica gel G (Merck) plates 
coated with 0.25 mm of adsorbent and activated at 110’ for 1 hr. The solvent system 
of chloroform-methanokoncentrated ammonium hydroxide (10:1.50.1) was used 
unless otherwise noted. The alkaloids were visualized by spraying with Dragendorff 
reagent (Munier). All reagents were analytical grade unless otherwise noted. 


2 The plant material was collected and identified by Mr. K. Oben Darko, Faculty 
of Agriculture, University of Science and Technology, Kumasi, Ehana. Voucher 
specimens are on deposit at the Faculty of Pharmacy, University of Science and 
Technology, Kumasi, Ghana. 


8 Mallinckrodt, St. Louis, Mo. 


5 A slurry of silica gel G in distilled water (1:2) was prepared, stirred for 5 min, 
E. Merck, Darmstadt, Germany. 


dried overnight at l l O o ,  and passed through an 80-mesh sieve. 


in chloroform-methanol (955), and the polarity was increased gradually 
to chloroform-methanol (9:l). Fractions of 25 ml were collected and 
monitored by TLC. 


Elution with chloroform-methanol (9: l )  afforded fractions that were 
combined on the basis of TLC (R10.37 and 0.42) to yield a residue (36 
mg). Finally, this residue was subjected to preparative TLC over silica 
gel G [chloroform-methanol-concentrated ammonium hydroxide ( 1 0  
2:0.1)] (four plates) to afford I11 (26 mg), mp 207-209’, R f  0.37; [a]: 
t44.0’ (c 0.1, methanol); A,,, (methanol): 261 (log t 4.75) and 288 (3.95) 
nm; umax (KBr): 1500 cm-l; NMR: b 2.62 (s ,3H, N-2’ NCH3), 3.16 (s, 3H, 
N-2 NCH3),3.27 (s ,3H,C-7 OCH3),3.51 (s,3H,C-6’OCH3),3.81(s,3H, 
C-6 OCH3), 3.91 ( s ,3H,C-4” OCHs),and 6.30-7.55 (m,SH,ArH) ppm; 
mass spectrum: M+ mle 638 (32) for C38H42N207, 622 (loo), 621 (751,607 
(18), 515 (l), 431 (l), 430 (l), 396 (25), 395 (83), 381 (30), 364 (3), 349 (2), 
198 (72), 175 (24), and 174 (32). 


Reduction of 111-To 111 (22 mg) was added sulfurous acid (6%) (5.0 
ml), and the solution was allowed to stand overnight. Then the solution 
was diluted with water (50 ml), made basic with concentrated ammonium 
hydroxide, and extracted four times with chloroform (50 ml). The chlo- 
roform extracts were combined, dried (anhydrous sodium sulfate), fil- 
tered, and evaporated in uacuo to afford I as a white amorphous powder 
(20 mg), mp 178-180’; R f  0.65 in chloroform-methanol-concentrated 
ammonium hydroxide (100.5:O.l); A,,, (methanol): 212 (log t 4.63) and 
288 (3.80) nm; umax (KBr): 3400,2930,2840,2790,1600,1580,1500,1450, 
1410,1350,1312,1270,1235,1115,1065,1020, and 875 cm-l; NMR: b 2.35 


3.78 (s ,3H,0CH3),3.86 ( s ,3H,0CH3) ,and 6.32-7.25 (m,SH,ArH) ppm; 
mas8 spectrum: M+ m/e 622 (65). 515 (l),  396 (20), 395 (67), 381 (23), 364 
(6), 349 (4), 198 (loo), 175 (32), and 174 (30). The identity of the reduction 
product as I was established by direct comparison (UV, IR, NMR, and 
mass spectra and mixed melting point) with an authentic sample. 


Preparat ion of 111 from I-Compound I (400 mg) was dissolved in 
ethanol (15 ml) and stirred with 15% hydrogen peroxide6 (15 ml) at  room 
temperature for 30 min. The reaction mixture was diluted with water (150 
ml) and extracted four times with chloroform (150 ml). The combined 
chloroform extracts were evaporated in  uacuo and examined by TLC 
[chloroform-methanol+oncentrated ammonium hydroxide (101.50.1)]. 
The product was a mixture of at least four compounds (R f  0.42,0.37,0.25, 
and 0.14), besides some unreacted starting material (R1 0.85). These 
compounds were separated by column chromatography on silica gel G. 
A column (2.0 X 25 cm) was prepared with silica gel G5 (30 g) by slurry 
in chloroform-methanol-concentrated ammonium hydroxide solution 
( 1 O : l : O . l ) .  


The sample was dissolved and eluted with the same solvent system in 
which the column was packed, with small fractions (6 ml) being collected. 
Attention was focused on fractions 42 and 43, a mixture of two com- 
pounds, one of which ( R ,  0.37) showed the same Rj as 111. Fractions 42 
and 43 subsequently were subjected to column chromatography over silica 
gel G5 (20 g) (column 1.5 X 25 cm), using chloroform-methanol-con- 
centrated ammonium hydroxide (1O:l:O.l) as the eluent. 


Small fractions were collected (4 ml), and the compound at  R f  0.37 was 
obtained in pure form from fractions 53-59. This compound was a white 
crystalline substance, mp 206- 207’ dec.; +40.0” (c 0.1, methanol); 
A,, (methanol): 216 (log c 4.80) and 288 (3.94) nm; urnax (KBr): 3400 (br), 
2930, 2830, 2790, 1600, 1580, 1500, 1450, 1420, 1360, 1320, 1270, 1240, 
1125, 1060, 1015,875, and 815 cm-I; NMR: 6 2.60 (s ,3H,  NCH3), 3.15 (s, 
3H,NCH3),3.26 (s,3H,OCH3),3.5l(s.RH,OCH3),3.80 ( s , 3 H , 0 C H 3 ) ,  
3.89 (s, 3H, OCH3), and 6.30-7.55 (m, 9H, ArH) ppm; mass spectrum: M+ 
mle638 (17),622(83),621(58),607 (13),515(1),431 (1) ,430(1J,396 (‘27), 
395 (82), 381 (35), 364 (6), 349 (4), 198 (loo), 175 (38), and 174 (37). 


Compound I11 and this synthetic product ( R f  0.37) were shown to be 
identical by a direct comparison (IR, UV, and NMR spectra; melting 
point and mixed melting point; and TLC). 


Oxidation of IV-To IV (I50 mg) [prepared from I by methylation 
with ethereal diazomethane (35)j dissolved in acetone (150 ml) was added 
potassium permanganate (75 mg) in acetone (100 ml) dropwise over 1 hr. 
The reaction was allowed to stand for 6 more hr at room temperature with 
constant stirring and was then filtered and evaporated. TLC analysis 
showed two spots [chloroform-methanol (9:1)], the lower one (R/ 0.40) 
corresponding to the original material and the higher one (R /  0.65) cor- 
responding to the oxidation product (V). The mixture was separated over 
a column (1.5 X 25 cm) on silica gel Gs (25 g) in chloroform-methanol 
(gC55). Small fractions (8 ml) were collected using the same solvent system 
in which the column was packed. 


(8,3H, NCHj), 2.63 ( s , ~ H ,  NCH3), 3.39 (s, 3H, OCHs), 3.47 (s, 3H, OCH3), 


6 J.  T, Baker C o .  
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Fractions 21-25 afforded a slightly yellowish compound (35 mg), mp 
123-125O; [a]:: t27’ (c 0.15, methanol); A,,, (methanol): 231 (log c 4.60), 
275 (4.14), 285 (4.13), and 295 (sh) (4.10) nm; vmaX (KBr): 2940,2840,1690, 
1650, 1600, 1500, 1450, 1415, 1340, 1280,1270, 1200, 1190, 1120, 1070, 
1025, and 820 cm-’; NMR 6 2.32 (s,3H, N-2 NCH3), 3.05 (s,3H, N-2’ 


(s,3H, OCH3), 7.10-8.00 (m, 9H,ArH), and 10.00 (8, lH ,  ArCHO) ppm; 
mass spectrum: M+ mle 666 (I), 411 (loo), 256 (26), 241 (11,206 (4), and 
204 (3). 


NCHa), 3.68 ( s , ~ H ,  OCH3), 3.75 ( s , ~ H ,  2-OCH3), 3.83 (8,3H, OCH3), 3.86 
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Cardiovascular Actions of Three Harmala Alkaloids: 
Harmine, Harmaline, and Harmalol 


DARRYL H. AARONS, G. VICTOR ROSSI, and 
RAYMOND F. ORZECHOWSKI 


Abstract 0 Each of three harmala alkaloids, harmine, harmaline, and 
harmalol, decreased heart rate and increased pulse pressure, peak aortic 
flow, and myocardial contractile force in intact normotensive anesthetized 
dogs. Harmine reduced systemic arterial blood pressure and total pe- 
ripheral vascular resistance; harmaline-evoked decreases were frequently 
followed by a secondary increase; and the effects of harmalol on these two 
parameters were inconsistent. A direct negative chronotropic effect of 
harmala alkaloids was suggested by observations of bradycardia in the 
isolated perfused rat heart and in the intact dog; neither vagotomy nor 


atropinization affected harmala alkaloid-induced bradycardia in the dog. 
Reduction in femoral vascular resistance by the alkaloids was not ap- 
parently due to activation of cholinergic, P-adrenergic, or histaminic (HI) 
receptors. 


Keyphrases 0 Alkaloids, harmala-cardiovascular activity in dogs 
Harmine-cardiovascular activity in dogs Harmaline-cardiovascular 
activity in dogs 0 Harmalol-cardiovascular activity in dogs Cardio- 
vascular activity-three harmala alkaloids in dogs 


Although the seeds of Peganum harmala have been used 
for centuries as a folk medicine, the harmala alkaloids 


continue to be of interest because of the effects they elicit 
on the central nervous system (CNS) and the cardiovas- 
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Piperidine Derivatives: 
Synthesis of Potential Analgesics in 
3-Substituted 4-Phenylpiperidine Series 


RANA ABBAS, ROBERT E. WILLETTE *, and 
J. MICHAEL EDWARDS" 


Abstract The syntheses of l-methyl-3-(3-hydroxy-3-phenylpropyl)- 
4-phenyl-4-piperidinol and l-methyl-3-(3-hydroxy-3-phenylpropyl)- 
4-phenyl-4-propanoyloxypiperidine are described. Preliminary phar- 
macological testing showed these compounds to be weakly active in the 
writhing test. 


Keyphrases 0 Piperidine derivatives-synthesized, pharmacological 
activity evaluated 0 Analgesic activity, potential-piperidine derivatives 
synthesized and evaluated Structure-activity relationships-piperi- 
dine derivatives, pharmacological activity evaluated 


Various compounds based on the morphinan nucleus 
and its fragments were synthesized, and several correla- 
tions of structure-analgesic activity relationships were 
made (1, 2). However, relatively few, if any, definitive 
studies were reported on remote peripheral areas that are 
not in the proximity of the active or essential binding area 
of the molecule, e.g., the polycyclic moiety of the benzo- 
morphans. A series of morphine derivatives (I) was syn- 
thesized (3) with remarkably high analgesic activities (in 
some cases 10,000 times morphine), and additional binding 
sites believed to be located away from the periphery of the 
polycyclic nucleus were postulated (4). 


Substitutions at  the 3-position in the 4-phenylpiperi- 
dines produced compounds with significant analgesic ac- 
tivity, e.g., the 3-methyl (IIa), 3-ethyl (IIb), and 3-ally1 
(IIc) analogs in the "reversed ester" series of the 4- 
phenylpiperidines (1). 


The purpose of this investigation was to synthesize 
compounds based on the 4-phenylpiperidine unit of the 
morphine derivative (shown by solid lines in Structure I) 
in an attempt to illustrate the significance of the alco- 
holic group and to determine a possible site of attachment 
in the periphery of the analgesic receptor. This report 
discusses the synthetic work involved in the preparation 
of l-methyl-3-(3-hydroxy-3-phenylpropyl)-4-phenyl-4- 
piperidinol (VIII) and l-methyl-3-(3-hydroxy-3-phenyl- 
propyl)-4-phenyl-4-propanoyloxypiperidine (IX). 


EXPERIMENTAL' 


1 -Methyl-3-cyanoethyl-4-piperidone (V)-A solution of 1- 
methyl-4-piperidone (33.9 g, 0.3 mole), pyrrolidine (42.6 g, 0.6 mole), and 
p-toluenesulfonic acid (10 mg) in 250 ml of dry toluene was refluxed 
overnight (-10 hr), and the water formed (7 ml) was removed using a 
Dean-Stark trap (Scheme I). The solvent and excess pyrrolidine were 
removed under reduced pressure; the residue, upon distillation, gave 43.7 


Melting points were determined in a Thomas-Hoover melting-point apparatus 
and are uncorrected. IR spectra were determined on a Beckman Acculab 3. NMR 
spectra were determined on a Hitachi Perkin-Elmer R-24. If not otherwise stated, 
the spectra were recorded in chloroform-d usin tetramethylsilane as the internal 
standard. Mass spectra were obtained on an AX?. MS-902 spectrometer. Elemental 
analyses were performed by Baron Consulting Co., Orange, Conn. TLC was carried 
out on silica gel G F ~ M  plates. The solvent systems used were: A, ammonium hy- 
droxide-saturated benzene-methanol (41); and B, ammonium hydroxide-saturated 
chloroform-acetone (2:l). Dragendorff spray reagent was used to visualize products 
on TLC plates. 


OCOCZH, 
CH., /" X O C H ,  '--7' - CR,R,OH CH:, / 8 R 


I IIa: R = C H  
IIb: R = C  d 5  
IIC : R = C~,CH=CH, 


g (87.8%) of the pyrrolidine enamine of 1-methyl-4-piperidone (III), bp 
80-80.5°/0.05 mm. The IR spectrum (liquid film) showed strong ab- 
sorption for enamine a t  1650 cm-'; N M R  6 2.28 (s, 3H, NCH3) and 4.15 
(t, iH ,  CH=C) ppm. 


To a solution of 43.7 e (0.26 mole) of 111 in 150 ml of drv dioxane was 
added acrylonitrile (14.8-g,'0.28 mole) dropwise. The contents were heated 
cautiously and allowed to reflux overnight. The reaction mixture was 
cooled, and evaporation of the solvent yielded a residual oil, which was 


I11 


Iv V 
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subjected to fractional distillation in uacuo. The fractions boiling between 
130 and 141'/0.32-0.33 mm were combined to give 18.2 g (31.6%) of IV; 
IR (liquid film): 1645 (strong, enamine) and 2250 (medium, nitrile) cm-'; 
NMR 6 2.28 (s, 3H, NCHn), 4.27, and 4.35 (dd, IH, CH=C, J = -3 Hz) 
PPm. 


T o  18.2 g of IV were added 60 ml of water and 80 ml of dioxane, and 
the mixture was heated a t  reflux temperature for 1.75 hr. Excess pyr- 
rolidine and water were removed under reduced pressure; the residue was 
dissolved in chloroform, dried over anhydrous potassium carbonate, and 
filtered. Evaporation of solvent gave a residual oil which, upon distilla- 
tion, yielded 10.4 g (75%) of 1 -methyl-3-cyanoethyl-4-piperidone (V), 
bp 100-108°/0.20-0.27 mm; IR (liquid film): 1710 (strong, carbonyl) and 
2245 (medium, nitrile) cm-'; NMR: 6 2.28 (s ,  3H, NCH3) ppm. 


An analytical sample of V was obtained by column chromatography 
(silica gel, 60-200 mesh, 80 g). Five grams of V was dissolved in a mini- 
mum amount of petroleum ether and chromatographed. Fractions of 15 
ml were collected, and the column was eluted with solvents of increasing 
polarity [petroleum ether (bp 30-6O0)-benzene (3:2), 1.5 liters, and (2:3) 
1.5 liters; benzene, 2 liters; and benzene-ethanol (19:1), 1.5 liters]. 
Fractions 371-652 gave the desired product V (4.2 g, 84%), Rf  0.51 (Sys- 
tem A). An analytical sample of V was obtained from fractions 643- 
650. 


Anal.-Calc. for C9HI4N20: C, 65.02; H, 8.49; N, 16.86. Found: C, 64.93; 
H, 8.46; N, 16.70. 


1-Methyl -3- (3-phenyl-3-oxopropyl) -4- phenyl-4-piperidinol 
(V1)-Under a nitrogen atmosphere, a solution of phenyllithium was 
freshly prepared by allowing 23.5 g of bromobenzene and 2.13 g of lithium 
wire to react in 200 ml of anhydrous ether (Scheme I). The flask and its 
contents were immersed in an ice bath during the addition of 5 g (0.03 
mole) of V. After the reaction mixture was stirred a t  0-5' for 45 min and 
for 5 additional hr a t  room temperature, it was hydrolyzed by the slow 
addition of 100 ml of 10% sulfuric acid solution, during which time the 
flask and its contents were kept cool in an ice bath. 


After stirring at room temperature for 14 hr, 50 ml of water was added 
and the contents were refluxed for 45 min. The flask was cooled, and the 
insoluble solid (13.5 g) was obtained by filtration. The solid was dissolved 
in water (with gentle warming), made basic with ammonium hydroxide 
solution, and extracted with chloroform (7 X 100 ml). The combined 
chloroform extracts were dried over anhydrous potassium carbonate and 
filtered. Evaporation of solvent gave an oil, 8.9 g (91.5%) of VI. 


The oil was crystallized with 20 ml of ether to yield 6.5 g (66.8%) of 
piperidinol VI, mp 110-1 12" (with previous softening) after recrystalli- 
zation from benzene. TLC showed VI to be a mixture, Rf 0.51 and 0.57 
(System A). Attempts to separate the two compounds by repeated crys- 
tallizations were not successful; IR (potassium bromide): 3470 (OH) and 
1675 (carbonyl) cm-I; NMR 6 7.09-7.80 (m, 10H, ArH) and 2.29 (s, 3H, 
NCH3) ppm. The mass spectrum showed M+ at mfe 323. 


Anal.-Calc. for CzlH25NOn: C, 77.97; H, 7.79; N, 4.33. Found C, 76.31, 
75.99,76.40; H, 7.94,8.01, 7.70; N, 4.25,4.22,4.26. 


Repeated recrystallizations did not improve the analysis. The picrate 
had a melting point of 207-211' after recrystallization from benzene- 
ethanol. 


Anal.-Calc. for C ~ I H ~ ~ N O & H : ~ N : ~ O ~ :  C, 58.67; H, 5.1 1; N, 10.14. 
Found: C, 58.66; H, 5.13; N, 10.26. 


1 -Methyl-3-(3-phenyl-3-oxopropyl)-4-phenyl-4-propanoyloxy- 
piperidine (VI1)-To a solution of 2 g (0.006 mole) of VI and 2 ml of 
triethylamine (redistilled) in 25 ml of dry toluene was added 3.5 g of 
propanoyl chloride in 5 ml of dry toluene dropwise, with refluxing, over 
15 min (Scheme I). The reaction mixture was heated under reflux tem- 
perature for an additional 1.5 hr. The flask was cooled, the contents were 
transferred with chloroform (50 ml) and water (20 ml) to a separator, and 
the layers separated. 


The aqueous layer was extracted once with a 25-ml portion of chloro- 
form. The combined chloroform extracts were dried over anhydrous 
potassium carbonate and filtered. Evaporation of the solvent gave a 
residue characterized as a hydrochloride by its IR spectrum (broad, 2500 
cm-'1. The residue was made basic with 100 ml of saturated solution of 
sodium bicarbonate and then extracted with five 50-ml portions of ether. 
The combined ether extracts were dried over anhydrous potassium car- 
bonate and filtered. 


Evaporation of the solvent gave an oil, 2.2 g (93.6%) of ester VII; IR 
(liquid film): 1735 (strong, ester), 1680 (strong, carbonyl), 760, and 700 
(aromatic hydrogens) cm-' . Unsuccessful attempts were made to effect 
crystallization of this oil using common solvents. The hydrochloride was 
prepared by passing anhydrous hydrogen chloride through an ethereal 
solution of the oil, mp 167-169" (after recrystallization from ethyl ace- 
tate-petroleum ether); NMR [deuterium oxide with sodium 3-(tri- 


methylsilyl)propanesulfonate as internal standard]: 7.3-8.05 (m, 10H, 
ArH), 3.26 (s ,  3H, NCHZ), and 1.25 (t, 3H, OCOCH2CH3, J = -7 Hz) 
ppm. The hydrochloride was converted into a free base, and TLC showed 
it to he a mixture, R, 0.73 and 0.84 (System A); the mass spectrum showed 
M+ at m/e 379. An analytical sample of the hydrochloride was obtained 
after recrystallization from ethyl acetate-ethanol, mp 183-185". 


Anal.-Calc. for C24H30ClN03: C, 69.28; H, 7.27; N, 3.36. Found: C, 
69.30; H, 6.98; N, 3.61. 


The picrate had a melting point of 209.5-211' after recrystallization 
from benzene-ethanol. 


And-Calc. for C ~ ~ H ~ ~ N O & G H ~ N ~ O ~ :  C, 59.19; H, 5.30; N, 9.20. 
Found: C, 59.49; H, 5.34; N, 9.10. 


l-Methyl-3-(3-hydroxy-3-phenylpropyl) -4-phenyl-4-propano- 
yloxypiperidine (1X)-To a solution of 5.07 g (0.013 mole) of VII and 
sodium hydroxide (0.25 g) in 10 ml of methanol was added a solution of 
sodium borohydride (1.28 g) and sodium hydroxide (0.25 g) in 15 ml of 
methanol dropwise, with stirring, at 0' (Scheme I). The funnel was 
washed with 5 ml of methanol, and the contents were allowed to stir at  
Oo for 6 hr and at room temperature for an additional 18 hr. At this point, 
10 ml of water was added and stirring was continued for 15 min. 


Most of the methanol was evaporated under reduced pressure, and the 
residue was extracted with chloroform (4 X 25 ml). The combined chlo- 
roform extracts were dried over anhydrous potassium carbonate and 
filtered. Evaporation of solvent gave 4.4 g of an oil. This material was 
dissolved in a minimum amount of benzene and was subjected to column 
chromatography (silica gel, 60-200 mesh, 80 9). The column was eluted 
with 6.1 liters of benzene-ethanol (161), and 15-ml fractions were col- 
lected. 


Fractions 116-230, on evaporation, gave a solid, 0.70 g (13.8%) of IX, 
mp 153-155' (after recrystallization from benzene-heptane), Rf 0.45 
(System A) and 0.77 and 0.66 (System B). The mass spectrum showed 
M+ a t  m/e 381; IR (potassium bromide): 3400 (broad, not clear, OH), 1735 
(strong, ester), 754, and 700 (aromatic hydrogens) cm-I; NMR 6 6.95-7.39 
(m, IOH, ArH), 2.19 (s, 3H, NCHB), 1.16 (t, 3H, OCOCH2CH3,J = -7 Hz), 
and 4.34 (t, lH,  CHOH, J = -6 Hz) ppm. 


And-Calc. for C Z ~ H ~ ~ N O ~ :  C, 75.55; H, 8.19; N, 3.67; 0,12.59. Found 
C, 75.31; H, 8.09; N, 3.89; 0,12.97. 


1 -Methyl-3-(3-hydroxy-3-phenylpropyl)-4-phenyl-4-piperidinol 
(VII1)-A solution of 2 g (0.006 mole) of VI, 2.56 g of sodium hydroxide, 
and 2.84 g of sodium borohydride in 160 ml of methanol was stirred for 
48 hr at room temperature (Scheme I). At this point, 50 ml of water was 
added and the contents were allowed to stir for an additional 75 min at 
room temperature. Most of the methanol was removed under reduced 
pressure, and the aqueous phase was extracted with chloroform (5 X 50 
ml). The combined chloroform extracts were dried over anhydrous po- 
tassium carbonate and filtered. 


Evaporation of solvent yielded 1.6 g (79.5%) of VIII, rnp 61-64' (after 
sublimation at 0.15 mm), Rf 0.49 and 0.55 (System A). The mass spectrum 
showed M+ at mfe 325; IR (potassium bromide): 3390 (broad, OH), 754, 
and 700 (aromatic hydrogens) em-'; NMR 6 7.22,7.34 (twos, 10H, ArH), 
2.22 (s,3H, NCH3), and 4.36 (t, lH, CHOH, J = -6 Hz) ppm. 


Anal.-Calc. for C21H27N02: C, 77.49; H, 8.37; N, 4.31. Found C, 77.67; 
H, 8.37; N, 4.59. 


1-Methyl-3-( 3-hydroxy-3,3-diphenylpropyl)-4-phenyl-4-piper- 
idinol (X)-In a 500-ml flask, a solution of phenyllithium was freshly 
prepared by allowing 31.5 g of bromobenzene and 3.24 g of lithium wire 
to react in 90 ml of anhydrous ether under nitrogen for 2 hr a t  room 
temperature. The flask and its contents were immersed in an ice bath, 
and a solution of 2 g (0.006 mole) of VI in 10 ml of dry tetrahydrofuran 
was added dropwise. The reaction mixture was allowed to stir a t  room 
temperature for 15 hr and was subsequently hydrolyzed by the slow ad- 
dition of water (20 ml), during which time the flask and its contents were 
kept cool in an ice bath. After stirring for 1.5 hr a t  room temperature, the 
contents were poured into a separator and the layers separated. 


The aqueous phase was extracted with ether (4 X 50 ml). The combined 
ether extracts were dried over anhydrous potassium carbonate and fil- 
tered. Removal of ether under reduced pressure gave 1.5 g (60.5%) of X, 
mp 171-172" (after two recrystallizations from heptane-carbon tetra- 
chloride). The mass spectrum showed M+ a t  mfe 401; IR (potassium 
bromide): 3425 (broad, OH), 758, and 700 (aromatic hydrogens) cm-I; 
NMR: 6 7.14-7.32 (m, 15H, ArH) and 2.3 (s, 3H, NCH:O ppm. 


Anal.-Calc. for C27H31N02: C, 80.75; H, 7.79; N, 3.49. Found: C, 80.54; 
H, 7.95; N, 3.38. 


RESULTS AND DISCUSSION 


Chemistry-Reaction of the enamine 111 with acrylonitrile in dry 
dioxane gave IV. The conclusion that the product consisted of the t r i -  


1584 I Journal of Ph.armaceutica1 Sciences 







N>CH~CH,CR(OH)C,H, I 


/ 
CH3 


X: R = C H, 
XI: R = & ,  


substituted isomer IV was based on NMR spectral evidence. The olefinic 
proton a t  C-5 appeared as two doublets centered a t  6 4.27 and 4.35 ppm. 
The formation of the tetrasubstituted isomer was not expected on steric 
grounds, but analogous results were reported previously for the pyrrol- 
idine enamines of 2-methylcyclohexanone and 2-phenylcyclohexanone 
(5). The presence of absorption bands at 1645 (enamine) and 2250 (nitrile) 
cm-’ in the IR spectrum further confirmed the structure. Hydrolysis of 
IV afforded the monoalkylated ketonitrile V. 


The ketoalcohol VI was obtained by the reaction of V with phenyl- 
lithium. TLC indicated VI to be a mixture. Attempts to obtain the major 
diasLereomer in high purity by repeated crystallizations proved unsuc- 
cessful. Satisfactory elemental analysis2 for VI could not be obtained. 
Treatment of VI with propanoyl chloride in the presence of triethylamine 
in refluxing toluene afforded the desired compound VII as an oil. Com- 
pound VII was further characterized as a hydrochloride and picrate. 


Selective reduction of ketones and aldehydes in the presence of other 
functional groups such asksters, amides, and alkylhalides is generally 
possible using sodium horohydride as a reducing agent (6). Thus, IX was 
prepared by the reaction of VII with sodium borohydride. Isolation of 
IX was achieved by column chromatography. Similarly, VIII was obtained 
in 79.5% yield by the treatment of VI with sodium borohydride. 


Reaction of VI and VII with methylmagnesium bromide or iodide failed 
to give the desired compound XI. Treatment of VI with methyllithium 
or ethyllithium also failed. Enolization of VI possibly may hinder the 
desired addition by these reagents. However, addition a t  the aryl carbonyl 
was successfully achieved using phenyllithium. Compound X was ob- 
tained using this reagent. 


The reaction of 3-substituted 4-piperidiones with aryl lithium could 
give a mixture of diastereomeric alcohols [XI1 (B-c~s-RI-R~) and XI11 
(a-trans-RI-RY)]. Based upon the stereochemical course of addition to 
ketones (6), the formation of the trans-diastereomer (XIII) should be 
favored. Thus, by analogy with the results previously reported for the 
prodinols XIIb and XIIIb and the 3-ally1 derivatives XIIc and XIIIc in 
which XIIIb and XIIIc were 60 and 91%, respectively, of the diastereo- 
meric mixture (7,8), i t  could he assumed that the major diastereomer 
would correspond to  XIIIa in the treatment of V with phenyllithium. 


In the NMR spectrum (chloroform-d) of V13, a complex aromatic 
pattern was observed a t  6 7.09-7.80 ppm (WH = 15 Hz; Fig. 1A). Com- 
paratively broader and more complex NMR signals were reported for the 
aromatic protons of trans-XIIIb than for the corresponding cis-com- 
pound (9); furthermore, the band width a t  half-weight of the aromatic 
proton signals appeared to be considerably greater for the a-diastereomer 
(14 Hz) than for the 8-diastereomer (5 Hz). Similar differences also were 
observed in the spectra of the 3-ally1 derivatives XIIIc (14 Hz) and XIIc 
(4.5 Hz) (8). The N-methyl signal of VI appeared as a singlet (with the 


-III 
7.39 7.50 7.39 7.1 1 


PARTS PER MILLION 


Figure I-Aromatic NMR signals of V l  ( A ) ,  VlI (R) ,  V l l l  (C), and 1X 
0). 


XIIa-XIIe XIIIa-XIIIe 


XIIa and XIIIo : R,  = CH,CH,COC,H,, R = CH,, R,  = C,H, 
XIIb and XIIIb: R ,  = R = CH,, R = C 6 d S  
XIIc and XIIIc : R ,  = C k , C H = C d ,  R = CH,, R, = C,H, 
XIId and XIIId: R ,  = CH,, R, = C k,, k, = o-CH,C H 
XIIe and  XIIIe : R,  = CH,, R, = Ck,C,H,,  R,  = o-Ch3h6H4 
slight trace of the N-methyl signal of the other diastereomer) a t  6 2.29 


A complex aromatic absorption was also seen in the NMR spectrum 
of VI14 at 6 7.3-8.05 ppm (WH = -8 Hz; Fig. 1B). The N-methyl protons 
appeared as a 3H singlet a t  6 3.26 ppm, and the methyl of the propa- 
noyloxy ester was a triplet a t  6 1.25 ( J  = -7 Hz) ppm. However, the aro- 
matic pattern of VII15 appeared as two sharp singlets a t  6 7.22 and 7.34 
ppm. The N-methyl signal appeared as a 3H singlet ( W H  = -6 Hz) a t  6 
2.22, and the benzylic proton appeared as a near 1:2:1 triplet at  6 4.36 ( J  
= -6 Hz) ppm. 


In the NMR spectrum of IX5, the aromatic pattern did not show a 
hump downfield and appeared less complex compared to the patterns 
of VI and VII. Perhaps the aromatic signal patterns of VIII and IX were 
being obscured to a greater extent by the C&’&HOH signal than the VI 
and VII patterns were being obscured by the CsHsCO signal, assuming 
of course that the compound with the a-configuration in these diaste- 
reomeric mixtures was the predominant diastereomer. A similar example, 
in which the presence of another aromatic group in the molecule influ- 
ences the aromatic pattern, is seen with XIIId and XIIIe (10). The methyl 
signal of the propanoyloxy ester group in the NMR spectrum of IX was 
a triplet a t  b 1.16 ( J  = -7 Hz) ppm, and the benzylic proton appeared as 
a near 1:2:1 triplet ( J  = -6 Hz) a t  6 4.34 ppm. 


Pharmacology-In preliminary pharmacological testing, VIII (NIH 
9082) showed no activity in the hot-plate test (inactive up to 100 mg/kg) 
and in the tail-flick test (inactive up to 30 mg/kg); however, in the 
writhing test it had an ED50 value of 80.5 mglkg in mice. Similarly, IX 
(NIH 9083) appeared inactive in the hot-plate test (inactive up to 50 
mg/kg) and in the tail-flick test (inactive up to 30 mg/kg) hut had an EDSo 
value of 32 mg/kg in the writhing test. 
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* Microanalyses of the picrate of VI were, however, within 0.9% of theory. 
3 Assumed to be a diastereomeric mixture based upon st.ereoehemical grounds 


and as indicated by its TLC (see Experimental) .  


4 Hydrochloride salt in deuterium oxide with sodium :~-(trimethylsilyl)l)r[). 


5 In chloroform-d. TLC indicated it to be a mixture. 
panesulfonate as the internal standard. TLC indicated i t  to he a mixture. 
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PREDICTION: NEW DRUG LAW COMING 


Washington, as the focal point of the federal government operation, has often 
been characterized as a “three-ring circus.” That’s probably a fair characterization, 
and it would be equally fair to say that, in recent years a t  least, one of those three 
rings has been devoted exclusively to health care-related issues. Moreover, from 
our own particular point of interest, it is difficult to recall very many of these issues 
that didn’t involve drugs and pharmaceuticals partially, if not exclusively. 


Not surprisingly, therefore, various bills have been introduced each year both 
in the House and the Senate calling for some revision of the principal law that deals 
with pharmaceuticals-namely, the Federal Food, Drug, and Cosmetic Act. But 
of the hundreds of such bills sponsored, only a few relatively minor ones have been 
enacted. 


Historically, the present law was passed in 1938, and it represented the first and 
only major overhaul of federal drug legislation since the original Pure Food and 
Drugs Act became law in 1906. Furthermore, the Drug Amendments of 1962- 
which, among other things, added the concept of efficacy as a condition of new drug 
approval-constituted the last major change in the 1938 Act. 


Virtually all bills subsequently put into the legislative hopper have gone nowhere, 
although some of them enjoyed serious consideration to the point that congressional 
hearings were conducted with APhA witnesses and others trooping dutifully to 
Capitol Hill to present views and testimony on the particular proposal a t  hand. In 
the words of one cynical association spokesman, “Senator X snaps his fingers, and 
like so many trained show dogs we all go through our routine, knowing full well 
nothing will come of it, but fearful that if we don’t we’ll appear to be asleep for not 
voicing our views on the subject!” 


Well, it now looks to us and to a t  least some other long time “Washington- 
watchers” that the preliminaries are about to end and 1978 may well be the year 
that we see a top-to-bottom new drug law go on the books. Congress has become 
increasingly restless, involved, and concerned. Public controversy has been stirred 
by issues such as the proposed saccharin ban, the efforts to keep laetrile off the 
market, the purported drug lag, the allegations of disgruntled FDA employees, and 
a barrage of lawsuits filed against the FDA and its parent department by diverse 
groups ranging from consumers to professional societies to the drug industry. 


In the case of many issues that get into the congressional mill, there is some di- 
vision along party, philosophical, or interest lines as to a group seeking new legis- 
lation and a group wishing to thwart new legislation. However, regarding drug 
legislation, the situation in the past few years is reminiscent of comedian Jimmy 
Durante’s famous line: “Everybody wants to get into the act!” Liberals and con- 
servatives, Republicans and Democrats, urban representatives and rural repre- 
sentatives, have all sponsored various proposals for major changes in the current 
drug laws. 


If this were not indication enough that something might be going to happen this 
time around, the odds became enormously greater with a minor bombshell an- 
nouncement this past October. 


HEW Secretary Joseph A. Califano, Jr., unexpectedly came out with a call for 
“a top-to-bottom, thorough overhaul” of the nation’s drug regulatory laws. And 
in the year that Mr. Califano has been on the job, Washingtonians have come to 
know that when this cabinet officer speaks, he means business. Consequently, not 
only is there philosophic support from the Carter administration for drug reform 
legislation, but it most likely will benefit from the push of one of the most activist 
people in the current administration. 


Mr. Califano’s statement was greeted warmly by a broad spectrum of interested 
parties. These ranged from consumer organizations to drug industry trade groups. 
The public press reported that “top staff members for Sen. Edward M. Kennedy 
and Rep. Paul Rogers, said that the two chairmen of the key health committees in 
the Senate and House were enthusiastic about the proposed changes outlined by 
Califano.” Other congressional figures were also identified as voicing their con- 
currence. 


Collectively, these developments lead us to the prediction in the headline of this 
column. A member of Senator Kennedy’s staff speculated that Califano’s position 
meant that  a bill would pass the Senate by mid-1978; he added, “The key point is 
that  this is the first time since 1962 that all the major actors are in agreement.” Or 
as the astrologists would put it: “The stars are right!” 








a t  Y does affect activity, with the more lipophilic and electron-with- 
drawing groups being classified as active. 


The detection of the role of lipophilicity is consistent with the report 
of Hansch et al. (3), who found that the activity of analogs of I1 was a 
function of the lipophilicity of the substituents a t  the 3-nitrogen. 


The interpretation of these results in terms of the mode of action of 
the triazenes can only be viewed as suggestive a t  this point. It was sug- 
gested previously that the triazenes must be demethylated to  form an 
active metabolite (13). The compounds in this study are subject to such 
activation, but the physicochemical effect on metabolism of substituents 
removed from the site of N-demethylation has not been studied for tri- 
azenes. Therefore, further work is necessary before conclusions can be 
drawn. 
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Rapid and Sensitive Direct TLC Fluorometric Method for 
Evaluation of Impurities in Oxytetracycline 


GILBERT J. WILLEKENS 


Abstract A rapid partition TLC method for the determination of 
oxytetracycline and its degradation products is described. Quantitative 
determination of the substances is performed by direct TLC fluorometry 
in 2 hr using plates prepared previously. 


Keyphrases 0 Oxytetracycline and impurities-TLC fluorometric 
analyses in prepared solutions TLC fluorometry-analyses, oxytet- 
racycline and impurities in prepared solutions Fluorometry, TLC- 
analyses, oxytetracycline and impurities in prepared solutions Anti- 
bacterials-oxytetracycline and impurities, TLC fluorometric analyses 
in prepared solutions 


Tetracyclines are sensitive to both acidic and alkaline 
degradation media (1). Storage under adverse moisture 
and temperature conditions gives rise to acidic degradation 
products. The first stage of acidic degradation is the for- 
mation of anhydro compounds, which have attracted a 
great deal of attention because of their potential toxicity 
(2 ,3) .  


Although the most likely degradation products of oxy- 
tetracycline (I) are not toxic, an accurate and convenient 
analytical method is needed to investigate the purity of 
commercial I samples. Anhydrooxytetracydine (II), ep- 
ioxytetracycline (III), a-apooxytetracycline (IV), and /3- 
apooxytetracycline (V) occur as impurities in I, but little 
information has been published about their quantitative 
evaluation. 


Compound I was determined by UV spectrophotometry 
(4) and fluorometry (5). Degradation products were sep- 
arated from I by paper chromatography (6,7). Some acidic 


degradation products of I were determined chromato- 
graphically using paper impregnated with 10% (w/v) urea 
in pH 5.0 Mcllvaine’s buffer (8). After elution, I was 
quantitated by spectrophotometry. 


Compounds 11, IV, V, and terrinolide (VI) were sepa- 
rated on a kieselguhr layer (9). Compound I also was sep- 
arated from its impurities on a diatomaceous earth column, 
and I and V were evaluated by spectrophotometry (10). 


The use of paper chromatography is undesirable (6-8) 
because the procedure is lengthy and not reproducible. A 
TLC separation of 11, IV, and V from I on kieselguhr (9) 
could not be achieved in this laboratory. 


The TLC procedure presented is rapid and allows the 
quantitation of traces of 11-V in I by direct TLC fluo- 
rometry. The method is reproducible and is sensitive to 


pg of 11-V in a 1% (w/v) solution of I. 


EXPERIMENTAL 


Reagents-Disodium ethylenediaminetetraacetate (VII), ethylene 
glycol, acetohe, ethyl formate, ethyl acetoacetate, and sodium hydroxide 
were analytical grade. Kieselguhr GI was used. 


Preparation of PIates-A slurry of 20 g of kieselguhr and 47 ml of 
5% (wlv) aqueous VII, previously adjusted to pH 9 with 20% NaOH, was 
prepared* and spread on glass plates at  a thickness of 0.250.30 mm. The 
plates were dried in air for a minimum of 2 hr at  room temperature (25’); 
a transverse channel of approximately 1-mm width was drawn in the layer 


1 Macherey, Nagel & Co, D-516 Duren, Germany. 
2 Desaga applicator, Heidelberg, Germany. 
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Figure 1-Typical TLC separation of oxytetracycline impurities on 
kieselguhr with 5% VII at p H  9. Key (left  to right): 0.1 p g  of IV 
(greenish-blue), 0.1 pg of V (blue),  0.1 jig of I1  (brown), 0.1 pg of I l l  
(yellow), 5 pg of I (yellow), and a mixture of I-V. 


12 cm from the one edge of the plate to limit the movement of the solvent 
front. 


The plates were stored in a drying chamber3 a t  30'. Prior to use, they 
were developed with the solvent system up to the transverse channel (20 
min) and dried for 5 min in air and for another 15 min in the drying 
chamber a t  30'. Unimpregnated plates could be stored for an unlimited 
time. 


Solvent System-The system consisted of ethylene glycol-water- 
acetone-ethyl formate-ethyl acetoacetate (3:6:45:30: 15 v/v). 


Preparat ion of Solutions-Samples were dissolved in absolute 
methanol. For 11-VI, a concentration of 0.1 pg/pl was used; I was used a t  
5 pg/pl. For quantitative TLC fluorometric evaluation, geometric dilu- 
tions of impurities were used to define the standardization curves. 


8 


10 


2 


- 
20 c m  - I  


Figure 2-TLC separation of V from I. Key: 1-7,g.l jig of I; 1 and 2, 
0.154 jig of V; and 3-6, 0.077, 0.0385, 0.01925, and 0.00963 pg of V ,  re- 
spec tiuely. 


~ ~~~ 


Bekso, Brussels, Belgium. 


Table I-Conditions for  TLC Fluorometric Determination of 
Each ImDuritv 


Com- Fluorescence Emission Slit Width, Slit Height, 
pound Wavelength, n m  mm mm 


I1 516 0.5 6 
I11 526 0.3 3.5 
IV 500 0.5 6 
V 477 0.5 6 


Apparatus-A TLC tank (20 X 20 X 8 cm) was lined with filter paper, 
and 100 ml of solvent was added. The tank was allowed to equilibrate for 
1 hr before use. A TLC spectr~photometer~, an electr~balance~, and a 
recorder6 also were used. 


Application of Solutions-Volumes of 1 pl were spotted with dis- 
posable pipets7. 


Qualitative Chromatography-Immediately after a plate was re- 
moved from the drying chamber, all adsorbent above the origin was 
covered by a clean glass plate in close contact with the layer while 1-pl 
volumes were applied as spots on a line 2 cm above the lower edge of the 
plate. The loaded plate was returned to the drying chamber for 3 min and 
then placed in the tank and developed a t  room temperature (25") in the 
dark until the solvent front traveled approximately 7 cm (7-10 min). 


After development, the plate was dried in air. The spots were visualized 
under UV light (366 nm). The hRf values observed for I-VI were 31,83, 
5,18,90, and 76, respectively. A typical TLC separation is shown in Fig. 
1. 


Quantitative Analysis-For each impurity, five reference solutions 
with concentrations in geometric progression were spotted (1 PI) on the 
baseline 2 cm above the lower edge of the plate and 2 cm apart, together 
with 1 $1 of the test solution of I. The solution with the highest concen- 
tration was spotted twice, and 1 pl of the test solution of I also was applied 
separately. An example of this spotting procedure is shown in Fig. 2. 


After development, the plate was dried in the air and inspected under 
UV light to remove dust particles in or near the spots under test. The TLC 
spectrophotometer was adjusted to the first spot with the highest con- 
centration, and the transmission scale and recorder scale were adjusted 
to 100 units. A rectangular aperture was used for all measurements; the 
other conditions used for each impurity are listed in Table I. 


The fluorescence was excited by the 365-nm mercury line and mea- 
sured by scanning the accurately positioned spots in the x-axis direction 
with a scanning speed of 3 cm/min. The recorder speed was kept at 6 
cm/min. The peak areas were cut out (11) and weighed to quantitate the 
spots (Table 11). 


RESULTS AND DISCUSSION 


Separation of Oxytetracyclines-Several TLC systems were ex- 
amined to find a separation method with sufficient resolution and sen- 
sitivity to determine the most likely degradation products of I by direct 
TLC fluorometry at  the pg level. The presented procedure separated 
V, 11, VI, I, IV, and 111 quantitatively in that order. Figure 1 shows the 
arrangement of the spots. 


The time required for a complete analysis of one oxytetracycline sample 
with two impurities was 2 hr using previously prepared plates. The solvent 
system could be used four times. Test and standard solutions, when kept 
a t  0' in the dark, were stable for a t  least 3 weeks. However, solutions of 
I1 were not stable; I1 was exceptionally labile and was isomerized to a 
mixture of IV and V. Ambient atmospheric conditions such as temper- 
ature and relative humidity influenced impregnation and development 
markedly, and care was always taken to dry layers as described. 


Optimization of Relative Humidity-The optimum water content 
in the support was determined by varying the drying conditions. All 
impurities were well separated on plates equilibrated a t  a relative hu- 
midity of less than 30%; a t  humidities above 50%, tailing of the spots re- 
sulted. For practical reasons, the use of a drying chamber was preferred 
to equilibration over appropriate saturated salt solutions or sulfuric acid 
dilutions. 


Standard Curve-The relationship between fluorescence and 
quantity of a substance in a spot on the chromatogram is very compli- 
cated, and the shape of the standard curve was dependent upon many 
factors. Although a straight line passing through the origin might be 


Zeiss. 
Cahn. 
Varian A 25. 
Vitrex, Chr. Bardram Birkerod, Denmark. 
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Table 11-Analysis of Known Mixtures of Oxytetracycline and  Its Impurit ies by TLC and Direct Fluorometry 


Confidence Limits 
Compound Spotted Quantity, pg Recoveryo, f ig Maximum Minimum Recovery, % 


I 
I11 


I 
I11 


I 
I11 


I 
IV 


I 
IV 


I 
V 


I 
V 


I 
V 


2.066 
0.13630 
0.06815 
0.03408 
0.01704 
0.00852 


0.13630 
0.06815 
0.03408 
0.01704 
0.00852 
9.668 
0.13630 
0.06815 


0.01704 
0.00852 


5.712 
0.1 1930 
0.05965 
0.02983 
0.01491 
0.00746 
8.100 
0.11930 
0.05965 
0.02983 
0.01491 
0.00746 
5.712 
0.15410 
0.07704 
0.03852 
0.01926 
0.00963 
8.100 
0.15410 
0.07704 
0.03852 
0.01926 
0.00963 


0.1 5410 
0.07704 
0.03852 
0.01926 


4.184 


0.03408 


17.736 


0.13393 
0.07273 
0.03540 
0.01657 
0.00544 


0.13527 
0.07039 
0.03375 
0.01778 
0.00689 


0.13361 
0.07499 


0.01613 
0.00746 


0.12015 
0.05766 
0.03000 
0.01569 
0.00769 


0.11193 
0.05994 
0.02948 
0.01410 


0.03189 


0 . 0 0 ~ 1  


0.15320 
0.07147 
0.03507 
0.02032 
0.01437 


0.15691 
0.07229 
0.03527 
0.02016 
0.01392 


0.15470 
0.07450 
0.03670 
0.01857 


0.13561 
0.07708 
0.03802 
0.01818 
0.00716 


0.13663 
0.07323 
0.03560 
0.02048 
0.00898 


0.14081 
0.09212 


0.02028 
0.01 136 


0.03498 


0.12184 
0.06137 


0.01979 
0.00991 


0.1 1495 
0.06617 
0.03426 
0.01673 
0.01210 


0.16276 
0.08239 
0.03912 
0.02456 
0.01920 


0.16309 


0.03912 
0.02429 
0.01935 


0.15566 
0.07785 
0.04113 
0.01929 


0.03283 


0.08524 


0.13225 
0.06838 
0.03278 
0.01496 
0.00372 


0.13391 
0.06755 
0.03190 
0.01508 
0.00480 


0.12641 
0.05786 
0.02880 
0.01198 
0.00356 


0.11846 
0.05395 
0.02717 
0.01159 
0.00547 


0.10891 
0.05371 
0.02470 
0.01147 
0.00464 


0.15 188 
0.06055 
0.03102 


0.00954 


0.15073 
0.05934 
0.03142 
0.01603 
0.00849 


0.15374 
0.07115 
0.03227 


o.oi6oa 


98.2 
106.7 
103.9 
97.3 
63.9 


99.2 
103.3 
99 


104.3 
80.9 


98 
110 
93.6 
94.6 
87.5 


100.7 
96.6 


100.6 
105.2 
103.1 


93.8 
100.5 
98.8 
94.6 


112.2 


99.4 
92.8 
91.0 


105.5 
149.2 


101.8 
93.8 
91.6 


104.7 
144.5 


100.4 
96.7 
95.3 


0.01785 96.4 .. ~ 


0.00963 0.01308 0.01534 0.01082 135.8 
Mean of five determinations. 


expected, the line was usually curved. The irregular distribution of a 
substance in the spot, the uneven thickness of a layer, the position of the 
origin, and the immersion depth of the plate were relatively unimportant, 
hut the degree of curvature increased with increasing spot size, the 
amount of material spotted onto the plate, and the direction of scan- 
ning. 


With a load not greater than 0.5 pg and with the origin spot area less 
than 5 mm2, satisfactory results were obtained. Standard curves prepared 
using vertical scanning did not pass through the origin and were not re- 
producible. Horizontal scanning gave better results and was used. The 
movement of the solvent front was kept to a minimum to avoid unnec- 
essary diffusion of spots. 


Compounds I1 and V were sufficiently separated when the solvent front 
had moved 5-6 cm, and 111 and IV were separated with 8-9 cm of move- 
ment. The quantitation of IV was somewhat complicated by streaking 
of the 1 spot. 


Reproducibility and Accuracy-The reproducibility was deter- 
mined over a range of loads and proportions of impurities (Table 11). 
Except for very low concentrations, the recovery was always better than 
90%. The high percent recovery of V was due to demixing of the solvent 
a t  that part of the chromatogram. A part of the subfront became visible 
and fluorescent because of the irregular and insufficient drying of the 
plates. The V spot was accidentally hammered to this subfront. Despite 
the high recovery, the results conform to the 95% confidence limits, except 
for the last one. However, a t  the very low concentration levels (5-10 X 
low3 pg), a greater error of 30-40% is acceptable. 


The individual regression lines calculated for each impurity when 


separated from 4-, 8-, and 16-mg/ml oxytetracycline solutions showed 
good linearity with a significant correlation coefficient (lowest value 
0.9458). Also, the correlation between the impurity added (.xth) and the 
impurity recovered (xeXp) showed good linearity and was statistically 
significant (lowest value 0.9971). The confidence limits (95% confidence 
interval) of the means are given by f f (o/& X t * ) ,  where o / 6  is the 
standard error and t* is 2.78 (df 4 and p = 0.05). Each result is the mean 
of five determinations and illustrates the reproducibility and accuracy 
of the method. 
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Kinetics and Mechanisms of Drug Action on 
Microorganisms XXIII: Microbial Kinetic Assay for 
Fluorouracil in Biological Fluids and Its 
Application to Human Pharmacokinetics 


EDWARD R. GARRETT x, GAIL H. HURST, and J. RUSSELL GREEN, Jr. * 


Abstract 0 The apparent first-order generation rate constant, kappr of 
Escherichia coli is a function of fluorouracil concentration, C, i.e., ll(ko 
- kapp! = kl(l1C) + kz, where ko is the constant in the absence of drug. 
A routine procedure, using only six counts to establish a daily calibration 
curve (at 125 and 225 min after medium inoculation and with 0,15, and 
30 ng of fluorouracil/ml), assayed unknown drug concentrations in plasma 
or urine diluted to 15-30 ng/ml with standard deviations of 12%. Uracil 
completely antagonized the inhibitory action of fluorouracil but not of 
5-fluorouridine, 5-fluorodeoxyuridine, chloramphenicol, or tetracycline, 
so fluorouracil could be assayed in the presence of the latter compounds 
by kinetic studies with and without uracil. Fluorouracil degraded in 
generating cultures of E. coli, and the drug effects on filtered organisms 
persisted on their inoculation into drug-free medium. Potential products 
of fluorouracil solvolysis, barbituric and isobarbituric acids, had no sig- 
nificant effect on E. coli generation. Human plasma protein binding of 
fluorouracil averaged 10%. The pharmacokinetics of intravenously ad- 
ministered fluorouracil to cancer patients showed a dose-dependent 
two-compartment body model with a faster terminal phase of elimination 
at the lower dose. Total and metabolic plasma clearances increased with 
a decreasing intravenous dose and exceeded hepatic plasma flow to in- 
dicate extrahepatic metabolism. The initial distribution phase and the 
renal clearance did not appear dose dependent, and the terminal semi- 
logarithmic plots of plasma levels against time were linear for both 0.5- 
and 1.0-g doses. A possible explanation is product- or metabolite-inhib- 
ited metabolism. Infusion studies of 1.0 g of fluorouracil showed increased 
metabolic clearances to confirm dose dependency and to be consistent 
with this postulate. The oral absorption of unchanged fluorouracil was 
highly variable between 1 and 15% of the administered dose, showing a 
large first-pass effect. 


Keyphrases Fluorouracil-microbial kinetic analysis in biological 
fluids, pharmacokinetics in humans 0 Microbial kinetics-analysis, 
fluorouracil in biological fluids 0 Pharmacokinetics-fluorouracil in 
humans, studied using microbial kinetic analysis 0 Antineoplastic 
agents-fluorouracil, microbial kinetic analysis in biological fluids, 
pharmacokinetics in humans 


Facile, sensitive, and nontedious assays for fluorouracil 
in biological fluids are needed for the proper and routine 
evaluation of its pharmacokinetics and for the evaluation 
of proper dosage regimens. The bioavailability on oral 
administration also needs to be assessed. This paper re- 
ports the development of a microbial kinetic assay of 
fluorouracil in biological fluids and its application to 
human pharmacokinetics. 


The GLC analysis of fluorouracil in biological fluids 
requires its separation and derivatization. Separation by 
22-hr dialysis with subsequent trimethylsilylation per- 
mitted GLC analysis sensitive to drug concentrations down 
to 1 pg/ml (I). Separation for a similar GLC analysis was 
also effected by an 80% extraction from biological fluids 
buffered at  pH 6 into 16% 1-propanol in ether (2). A sen- 
sitivity to drug concentrations down to 0.5 pg/ml was 
shown (21, and a reproducibility of f 5 %  was claimed. An 
ion-exchange recovery of the drug, with a subsequent GLC 
flash-methylation technique using trimethylanilinium 
hydroxide, also was reported; the apparent sensitivity was 
1.0 pglml of urine (3). A recently published isotope dilution 
mass fragmentographic assay (4) claimed a standard de- 
viation of 2~6% for 10 ng/ml extracted from plasma. 


A sensitive classical disk-agar plate microbiological 
assay based on the correlation of zones of inhibition of 
Streptococcus fueculis with fluorouracil was developed 
and applied to the time course of the drug in plasma and 
urine; the estimated error was f25%/zonal measurement 
(5). 


Fluorouracil lessens the generation rate of logarithmic 
phase microorganisms, and the degree of decrease can be 
related to the drug concentration (6). This ability provided 
the basis for a sensitive assay of fluorouracil in biological 
fluids below the drug levels necessary for complete inhi- 
bition of generation. The tedious and time-consuming 
separation procedures vital for GLC assays and the time 
lag necessary for organism incubation in the disk-agar 
plate studies were avoided. Also, since the inhibitory effect 
of fluorouracil on microbial generation can be reversed by 
the addition of excess uracil, fluorouracil can be specifically 
assayed in the presence of other antibacterial agents that 
do not show this reversibility. The assay was applied to the 
study of fluorouracil pharmacokinetics in humans. 


EXPERIMENTAL 
Organism-Replicate slants of Escherichia coli (ATCC 12407) were 


prepared from a single colony and stored a t  4O. 
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away in the laboratories of pharmaceutical scientists. Each drug profile 
provides useful information and data in the following general areas: de- 
scription, physical properties, synthesis, stability and degradation, me- 
tabolism, analysis (for the drug substance, in its dosage forms, and in 
biological fluids), pharmacokinetics, and literature references. Physical 
properties include IR, NMR, UV, and mass spectral data, melting point, 
solubility data, crystal properties, and pK values where applicable. An- 
alytical methods encompass titrimetry, chromatography, colorimetry, 
spectrophotometry, elemental analysis, and related techniques. 


Each profile is presented in a well-organized and systematic manner. 
Each is introduced by a table of contents, followed in an orderly sequence 
by individual categories of specifications, and concluded by an extensive 
listing of quoted references. This compendium is printed clearly and is 
replete with tables and graphical presentations. Data are readily located 
and concisely presented with only a minimum of descriptive information. 
Maximum utilization is made of the available space. 


This volume brings to a total of 97 the number of drugs for which 
profiles have thus far been prepared, including the 18 in Volume 5. These 
volumes serve well as companion books to the official compendia by 
presenting a wealth of data that supplement and are not duplicative of 
material found in the compendia. As noted in the Forward to Volume 1 
of this series, the delegates to the 1970 meeting of the United States 
Pharmacopeial Convention adopted a resolution that consideration be 
given to the publication of just such a companion compendium. While 
the USPC did not undertake this project, it is worthy of note that a 
number of contributors to this series, including its esteemed editor, are, 
in fact, members of the USP Committee of Revision. 


In view of the fact that  fewer than 100 drug profiles have appeared in 
the first five volumes of this series, and with the mandate for USP XX 
to include all drugs currently official in USP XIX and NF XIV, all drugs 
added in their annual supplements, some 600 nonofficial drugs selected 
by the outgoing Subcommittee on Scope of the USP a t  its final meeting 
in January 1975, and new drugs marketed since that date, it is obvious 
that pharmaceutical scientists have their work cut out for them. It is 
worth repeating here the editor’s invitation that: “All those who have 
found the profiles useful are earnestly requested to contribute a mono- 
graph of their own. The editors stand ready to receive such contribu- 
tions.” Hopefully, there will be an overwhelming response to this invi- 
tation. 


This burgeoning library of “Analytical Profiles” is a must for all who 
are engaged in pharmaceutical research. 


. 


Reuiewed by Martin I. Blake 
College of Pharmacy 
University of Illinois 
Chicago, I L  60612 


Aromatic and Heteroaromatic Chemistry. Vol. 4. A Specialist Pe- 
riodical Report. Edited by C. w. BIRD, G. w. H. CHEESEMAN, 
et al. The Chemical Society, Burlington House, London W1V OBN, 
England, 1976. 513 pp. 14.5 X 22.5 cm. Price f28.00. 
This volume comprises an in-depth review of the literature abstracted 


between July 1974 and June 1975 and covered by volumes 81 and 82 of 
“Chemical Abstracts.” The organization of the report follows the es- 
tablished pattern of previous volumes. 


There are 14 chapters written by 15 international scientists who are 
specialists in their fields. Most of the chapters include an introduction 
indicating the parameters established by the author(s) and the reviews 
on the subject published during the time period. A particularly helpful 
feature is that all literature citations are included as footnotes on the page 
that contains the abstract, thus eliminating the time consuming and 
thought-interrupting process of turning to the end of the chapter when 
a specific reference is desired. Another helpful feature is a complete au- 
thor index. 


The chapter titles include: Ring Systems of Topical Interest, Inter- 
molecular and Intramolecular Cyclization Reactions in Ring Synthesis, 
Cycloaddition Reactions, Ring Transformations, Electrophilic Substi- 
tution on Carbon, Electrophilic Substitution on Heteroatoms, Nucleo- 
philic Substitution, Aromatic Substitution by Free Radicals, Carbenes 
and Nitrenes, Addition Reactions, Ring Cleavage Reactions, Reactions 
of Substituents, Porphyrins and Related Compounds, Naturally Oc- 
curring Oxygen-ring Compounds, and Other Naturally Occurring Com- 
pounds. The volume comprises 513 pages and includes 2750 literature 
citations. 


The book is well illustrated with many chemical structures and reaction 
mechanisms. These illustrations are numbered sequentially and placed 
in close proximity to their text reference, thus affording a free flowing 
continuity which contributes to the overall excellent readability of the 
material. 


This treatise is an extremely well-organized and readable volume and 
should serve to stimulate fresh approaches in the ever more sophisticated 
areas of aromatic and heteroaromatic synthetic chemistry. I t  is recom- 
mended to all chemists who are actively involved in synthetic organic 
chemistry or who wish to be up to date and informed about research ac- 
tivity in aromatic and heteroaromatic chemistry. 


Reviewed by Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, MA 02115 


Handbook of Analysis of Organic Solvents. By VACLAV SEDIVEC 
and JAN FLEK. Halsted, 605 Third Ave., New York, NY 10016,1976. 
455 pp. 16 X 23.5 cm. Price $42.50. 
Within this volume the authors have compiled an extensive aggregate 


of information concerning the chemical and physical properties and the 
analysis of organic solvents. Following a brief discussion of sampling and 
drying techniques, procedures are described for the determination of the 
physical properties and quantitative identification of unknown samples. 
After a presentation of methods for the analysis of two- and three-com- 
ponent mixtures by physicochemical methods, the basics of GC are de- 
scribed using a general procedure. Relative retention times are given for 
many common solvents using six different stationary phases. 


The second part of the book deals with solvents as individual classes 
of organic compounds. The most frequently encountered solvents are 
described in depth, listing synonyms, chemical properties, usual im- 
purities, and azeotropes. Tables containing extensive physical data are 
included. Detection methods, derivatives, and quantitative procedures 
are described in detail with corresponding literature references. Three 
appendixes covering 80 pages include a listing of the boiling points of 
solvents and their azeotropic mixtures, the major physical properties, 
and an alphabetical listing of universally used trade names. 


This handbook represents a valuable accumulation of a myriad of facts 
and procedures which will be of use to the analyst, the chromatographer, 
and the synthetic organic chemist, all of whom frequently require data 
or techniques to utilize or analyze organic solvents. 


Reviewed by Allen L. Jacobs 
Pharmacy and Analytical Research De- 


partment 
Sandoz, Inc. 
East Hanouer, NJ 07936 


The National Formulary and t.he USP  Guide to Select Drugs. Edited 
by W. M. HELLER, G .  K. WURSTER, C. A. DICKIE, and J. W. 
WHEATLEY. U S .  Pharmacopeial Convention, 12601 Twinbrook 
Parkway, Rockville, MD 20852, 1976. 295 pp. 10 X 14.5 cm. Price 
$3.00. 
This convenient pocket-size book is intended to be a companion to the 


official compendia and the USAN Dictionary and is the first compilation 
of its kind subsequent to the consolidation of the USP and NF. Its pur- 
pose is “to highlight those drugs that should receive attention and be used 
as preferred drugs.” 


The book contains an alphabetical list of both generic and brand names 
of effective and useful drugs, with the preferred drugs in boldface type. 
The entries also contain dosage forms and strength; indication of whether 
prescription, nonprescription, or DEA controlled; and the pharmaco- 
logical classification. In addition, there is a cross-index by therapeutic 
classification. 


This book should be useful as a personal prescribing and dispensing 
guide and as a basic list of preferred drugs for health facilities and various 
organizations. 


Staff Reuiew 
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Fractions 21-25 afforded a slightly yellowish compound (35 mg), mp 
123-125O; [a]:: t27’ (c 0.15, methanol); A,,, (methanol): 231 (log c 4.60), 
275 (4.14), 285 (4.13), and 295 (sh) (4.10) nm; vmaX (KBr): 2940,2840,1690, 
1650, 1600, 1500, 1450, 1415, 1340, 1280,1270, 1200, 1190, 1120, 1070, 
1025, and 820 cm-’; NMR 6 2.32 (s,3H, N-2 NCH3), 3.05 (s,3H, N-2’ 


(s,3H, OCH3), 7.10-8.00 (m, 9H,ArH), and 10.00 (8, lH ,  ArCHO) ppm; 
mass spectrum: M+ mle 666 (I), 411 (loo), 256 (26), 241 (11,206 (4), and 
204 (3). 


NCHa), 3.68 ( s , ~ H ,  OCH3), 3.75 ( s , ~ H ,  2-OCH3), 3.83 (8,3H, OCH3), 3.86 
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Cardiovascular Actions of Three Harmala Alkaloids: 
Harmine, Harmaline, and Harmalol 


DARRYL H. AARONS, G. VICTOR ROSSI, and 
RAYMOND F. ORZECHOWSKI 


Abstract 0 Each of three harmala alkaloids, harmine, harmaline, and 
harmalol, decreased heart rate and increased pulse pressure, peak aortic 
flow, and myocardial contractile force in intact normotensive anesthetized 
dogs. Harmine reduced systemic arterial blood pressure and total pe- 
ripheral vascular resistance; harmaline-evoked decreases were frequently 
followed by a secondary increase; and the effects of harmalol on these two 
parameters were inconsistent. A direct negative chronotropic effect of 
harmala alkaloids was suggested by observations of bradycardia in the 
isolated perfused rat heart and in the intact dog; neither vagotomy nor 


atropinization affected harmala alkaloid-induced bradycardia in the dog. 
Reduction in femoral vascular resistance by the alkaloids was not ap- 
parently due to activation of cholinergic, P-adrenergic, or histaminic (HI) 
receptors. 


Keyphrases 0 Alkaloids, harmala-cardiovascular activity in dogs 
Harmine-cardiovascular activity in dogs Harmaline-cardiovascular 
activity in dogs 0 Harmalol-cardiovascular activity in dogs Cardio- 
vascular activity-three harmala alkaloids in dogs 


Although the seeds of Peganum harmala have been used 
for centuries as a folk medicine, the harmala alkaloids 


continue to be of interest because of the effects they elicit 
on the central nervous system (CNS) and the cardiovas- 
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cular system. Among their pharmacological actions are a 
central tremorigenic action (1, 2), behavioral effects in- 
cluding hallucinogenesis (3), hypothermia (4), monoamine 
oxidase inhibition (51, and cardiovascular alterations, 
notably hypotension, bradycardia, and cardiac arrhyth- 
mias (6-8). 


Studies of the harmala alkaloids have largely focused 
on their CNS effects; relatively little information exists on 
their cardiovascular actions. This investigation compared 
the cardiovascular pharmacodynamics of three major 
harmala alkaloids, i.e., harmine (I), harmaline (II), and 
harmalol(II1). 


EXPERIMENTAL 


Cardiovascular Actions in  Intact Anesthetized Dogs-Mongrel 
dogs, 5.5-12 kg, of either sex were anesthetized with a barbiturate-ure- 
than combination' (0.6 ml/kg iv). Arterial blood pressure was measured 
from a cannulated femoral artery2. Mean arterial blood pressure was 
derived as diastolic pressure plus one-third of pulse pressure. Heart rate 
was obtained from lead I1 electrocardiogram (ECG) tracings. 


Animals were respired artificially via a tracheal cannula with a respi- 
rator3. Myocardial contractile force was recorded with a strain-gauge 
arch4 sutured directly to the surface of the right ventricle (9). Aortic blood 
flow was measured with an electromagnetic flow probe positioned around 
the root of the aorta and connected to a flowmeter5. Total peripheral 
vascular resistance was calculated as the ratio of mean arterial blood 
pressure (millimeters mercury) to cardiac output (milliliters per minute). 
Recordings were made on a polygraph6. 


Each alkaloid was administered intravenously via a cannulated femoral 
vein to separate groups of dogs at increasing doses of 1,2,4, and, in some 
cases, 8 mg/kg; 60 min separated successive doses. Alkaloids were dis- 
solved in 0.9% saline; each dose, contained in a 2-ml volume, was infused 
slowly over 2 min. Control dogs received 2 ml of 0.9% saline at equivalent 
time intervals. 


Femoral Vascular Resistance Studies in Dogs-Blood from the 
right carotid artery of anesthetized dogs was shunted via polyethylene 
tubing7 into the right femoral artery. The rate of blood flow into the leg 
was regulated by a constant-flow pumps. Femoral perfusion pressure was 
measured from a "T" connection in the tubing on the outflow side of the 
pump. Blood flow was adjusted so that perfusion pressure was approxi- 
mately equal to systemic blood pressure recorded directly from the left 
femoral artery. Drugs were injected intraarterially into the perfusion 
circuit via a small section of rubber tubing interposed between two por- 
tions of the polyethylene shunt. Heparin, 5 mg/kg iv, was administered 
as the anticoagulant. 


In one series of experiments, the alkaloids were administered directly 
into the blood entering the femoral artery in doses of 0.016-4.0 mg. Each 
dose was injected twice, consecutively, in 0.1-0.2 ml of 0.9% saline. The 
order of administration of the three alkaloids, as well as the order of the 
various doses, was randomized. Histamine and levarterenol were injected 
intraarterially to test the responsiveness of the experimental system. 
Equivalent volumes of 0.9% saline were injected for control purposes. 


In a second group of experiments, the harmala alkaloids were injected 


* Dial-Urethane, Ciba-Geigy Laboratories. 


3 Harvard Apparatus. 
4 Walton-Brodie. 
5 Biotronix model T-BL 610. 
6 Grass Instrument model 5. 
PE240. 
Sigmamotor model T-8. 


Statham pressure transducer model P23AC. 
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Figure 1-Effects of intravenously administered harmala alkaloids 
on mean arterial blood pressure i n  anesthetized dogs. Key: The  bars 
directly above and below each other indicate that opposing responses 
were observed in different animals receiving the  same dose. Bars that 
overlap at the zero axis indicate that biphasic responses were observed 
in  some animals. The  sequence of the ooerlap indicates the order of the 
drug response. Numbers in parentheses refer to the number of responses 
comprising each mean value. Vertical lines indicate standard errors, 
and the  level of significance i s  shown by the  asterisks as follows: *, p 5 
0.05; **, p 5 0.01; and ***, p I 0.001, 
twice before and at least once after administration of a pharmacological 
antagonist: atropine (0.5-1.0 mg/kg), propranolol (0.2-0.6 mg/kg), or 
brompheniramine (5.0 mg/kg) in 2 ml of 0.9% saline given by intraarterial 
injection over 1 min. To confirm that the antagonist produced effective 
blockade, a corresponding agonist (i.e., acetylcholine, 2.5-5.0 wg; iso- 
proterenol, 0.4-5.0 pg; or histamine, 5.0-10.0 fig) was injected before and 
after administration of the blocking agent. 


The dose of each harmala alkaloid varied among experiments but was 
constant in a given animal; the dose selected was sufficient to cause a 
moderate (15-48%) change in femoral perfusion pressure without af- 
fecting systemic arterial pressure. Dose ranges were: harmine, 0.25-1.0 
mg; harmaline, 0.25-1.0 mg; and harmalol, 1.0-4.0 mg. 


Isolated Perfused Rat Hearts-The heart isolated from an adult rat 
was attached to a coronary perfusion apparatusg and perfused with 
Krebs-Henseleit solution aerated with 5% C02-95% 02 and warmed to 
38" (10). Force of contraction and heart rate were recorded with a myo- 
graph transducerlo attached to a clamp at the apex of the heart. Initial 
resting tension was adjusted to 5 g. The harmala alkaloids, 0.031,0.063, 
0.125, and 0.25 mg in 0.1 ml of 0.9% saline, were introduced into the 
perfusate as it entered the heart. Each heart received only one alkaloid; 
each compound was tested in four isolated hearts. A separate group of 
five hearts received a series of 0.9% saline doses. 


The drugs used were harmine hydrochloride hydrate, harmaline hy- 
drochloride dihydrate, harmalol hydrochloride1', acetylcholine chloride, 
atropine sulfate, brompheniramine maleate12, histamine diphosphate, 
isoproterenol hydrochloride, levarterenol hydrochloride, and propranolol 
hydrochloride13. Doses of all drugs are expressed as their respective 
salts. 


9 Anderson, Metro Scientific. 
10 Narco Biosystems Linear Core F-50. 
11 Aldrich. 
12 A. H. Robins. 
13 Ayerst Laboratories. 
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Figure 2-Effects of intravenously administered harmala alkaloids 
on heart rate in anesthetized dogs. Key: see Fig. I .  


The purity of the harmala alkaloids, as assessed by TLC and NMR 
spectra, indicated that no significant contaminants were present. 


RESULTS 


Cardiovascular Effects in Intact Dogs-Harmine produced a 
consistent dose-related reduction in mean systemic arterial pressure in 
doses of 1-8 mglkg iv; harmaline evoked similar hypotension, although 
less consistently and with a tendency for a secondary hypertensive re- 
sponse; harmalol produced variable and insignificant effects on arterial 
pressure at  these doses (Fig. 1). Since diastolic pressure was reduced to 
a greater extent than systolic pressure, pulse pressure was usually in- 
creased. These effects occurred immediately after alkaloid administration 
and persisted from 2 to 20 min. 


Bradycardia was produced by each harmala alkaloid (Fig. 2). Harmine 
and harmaline exhibited similar potencies, whereas harmalol was less 
active. The onset of heart rate reduction was immediate, and the duration 
was generally longer than the blood pressure changes. 


Peak aortic flow was increased by all three alkaloids (Fig. 3). The 
smallest increase was obtained with harmalol; harmine and harmaline 
produced approximately equal responses. Mean aortic flow was elevated 
only by harmine; variable responses were elicited by harmaline and 
harmalol. 


All three alkaloids produced significant dose-related increases in 
myocardial contractile force (Fig. 4). Maximum increases in contractile 
force usually occurred after the peak change in blood pressure. 


Harmine produced a consistent and dose-related reduction of total 
peripheral vascular resistance. A biphasic response pattern occurred with 
harmaline, and harmalol produced inconsistent effects. 


Cardiac arrhythmias were detected in four of seven dogs receiving 
harmaline and harmalol but not harmine. The dysrhythmias identified 
included atrial fibrillation and flutter, premature ventricular contrac- 
tions, and heart block in addition to unidentified bizarre alterations. 
Arrhythmias were observed at  various dosage levels and lasted for up to 
1 hr. Elevation of the T wave of the ECG was observed with harmine (five 
of eight dogs), harmaline (five of seven dogs), and harmalol (one of seven 
dogs). 


Vagotomized or  Atropinized Dogs-Neither bilateral cervical va- 
gotomy nor pretreatment with atropine antagonized the effects of har- 
mine on heart rate and arterial blood pressure in anesthetized dogs (n  


3 


X 


I 


-25 


a 


z 1  $ -75 


SALINE 
1 2 3 4  +75i no.  of dose 


+25 1 
0 ';I 


Figure 3-Effects of intravenously administered harmala alkaloids 
on peak aortic flow in anesthetized dogs. Key:  see Fig. 1. 


= 4) (Fig. 5). The responses to harmine were essentially identical before 
and after doses of atropine that effectively blocked the cardiac and blood 
pressure changes induced by test doses of acetylcholine. 


Femoral Vascular Resistance in Dog Hindlimbs-Harmine, har- 
maline, and harmalol, in doses of 1 X lO-*-l X 10W mmole, each reduced 
femoral vascular resistance (Fig. 6 ) .  The potencies of harmine and har- 
maline were similar, whereas harmalol was four to eight times less potent. 
Prior administration of atropine, propranolol, and brompheniramine did 
not inhibit significantly the reduction in perfusion pressure induced by 
harmine, harmaline, or harmalol ( n  = 4 in each antagonist-alkaloid se- 
ries). 


Isolated Perfused Rat  Hearts-Each harmala alkaloid produced 
a dose-related slowing of the isolated rat heart (Fig. 7). The decreases 
observed with harmine and harmaline were approximately equal; har- 
malol produced a lesser reduction. A dose-related reduction in the force 
of contraction of isolated hearts was observed with harmine a t  doses of 
0.031 mg and greater; variable responses were produced by harmaline 
and harmalol (Fig. 8). 


DISCUSSION 


Certain similarities, as well as distinct differences, in the cardiovascular 
responses to the three structurally related harmala alkaloids were ob- 
served in anesthetized dogs (Table I). Qualitatively similar responses were 
produced by each alkaloid on heart rate, myocardial contractile force, 
peak aortic flow, and pulse pressure. The most striking similarities were 
seen with respect to their effect on the heart. Each alkaloid reduced 
cardiac rate and increased myocardial force; harmine and harmaline were 
essentially equivalent while harmalol was less active. This finding agrees 
with the previous finding (11, 12) that a methoxy group on the indole 
nucleus (harmine and harmaline but not harmalol) enhanced the ability 
to reduce heart rate. Because of the rapidity of onset and relatively brief 
duration of the cardiovascular effects, these actions apparently are un- 
related to the monoamine oxidase inhibiting properties of the harmala 
alkaloids. A similar conclusion was drawn by Goldberg and Sjoerdsma 
(7) in their report of the cardiovascular properties of several monoamine 
oxidase inhibitors. 


Significant increases in myocardial contractile force were produced 
by the three alkaloids. In contrast, harmine and harmaline were reported 
to exert a negative inotropic effect in the anesthetized dog (7). The reason 
for this discrepancy is not apparent. 
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Figure 4-Effects of intravenously administered harmala alkaloids 
on myocardial controctile force in anesthetized dogs. Key: see Fig. f .  


Differences among the harmala alkaloids were noted in their effects 
on blood pressure and total peripheral vascular resistance. The hypo- 
tensive response to intravenous administration of harmine and harmaline 
is in agreement with previous studies conducted in anesthetized animals 
and nonanesthetized humans (6-8,11,13). Reduction in diastolic blood 
pressure was primarily responsible for the hypotensive action of harmine 
and harmaline. Schmitt et al. (13) reported a similar finding in dogs re- 
ceiving harmaline. 


Although peak aortic flow and myocardial contractile force were in- 
creased by harmine and harmaline, minimal elevations in systolic blood 
pressure were occasionally observed after low doses (1 and 2 mg/kg) of 
these alkaloids. Higher doses predominantly reduced systolic pressure. 
Since theireduction in diastolic pressure was greater than that of systolic 
pressure, an increase in pulse pressure was obtained. Harmaline-induced 
reductions in mean arterial, systolic, and diastolic pressures were fre- 
quently followed by a secondary increase. This biphasic response did not 
occur with harmine. Harmalol had no effect on, or produced only a slight 
increase in, blood pressure. 


Calculated values of total peripheral vascular resistance reflect changes 
produced by harmine and harmaline that were directionally similar to 
changes in systemic arterial pressure. A dose-related decrease in total 
peripheral resistance was produced by harmine. A biphasic response, 
consisting of an initial decrease frequently followed by a secondary in- 
crease, was noted with harmaline. Variable changes were produced by 
harmalol. 


These studies demonstrated that structural variations among the 
harmala alkaloids result in differences in cardiovascular activity. Re- 
duction of harmine to harmaline (dihydroharmine) had little or no effect 
on primary cardiovascular responses. With the exception of mean aortic 
flow, each parameter was initially affected similarly by the two alkaloids. 
This structural change, however, appeared related to secondary responses 
in total peripheral resistance and systemic blood pressure observed fre- 
quently with harmaline. With harmalol, in which a 7-hydroxy group re- 
places the 7-methoxy group of harmine, quantitative differences were 
seen in the effects on heart rate and peak aortic flow, while total pe- 
ripheral resistance and mean systemic blood pressure differed qualita- 
tively. 
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Figure 5-Effects of intravenously administered harmala alkaloids 
on total peripheral vascular resistance in  anesthetized dogs. Key: see 
Fig. 1 .  


Harmaline and harmalol frequently produced cardiac arrhythmias. 
Although harmine did not evoke dysrhythmias in this study, it was re- 
ported previously (8) to induce ventricular arrhythmias in the cat, which 
were not eliminated by bilateral vagotomy or atropinization. 


The negative chronotropic effect of the harmala alkaloids suggested 
the possibility of a parasympathomimetic mechanism. Slotkin and 
DiStefano (8) reported that bradycardia produced by harmaline in cats 
was eliminated by vagotomy. In the present study, neither bilateral va- 
gotomy nor atropinization significantly influenced the chronotropic effect 
of the harmala alkaloids in dogs. Furthermore, a negative chronotropic 
effect was evident in the isolated rat heart, a preparation devoid of neu- 
rally mediated influences. These data do not support the possibility of 
a cholinergic mechanism in the cardiac slowing effect of the harmala al- 
kaloids. 


Zetler et al. (11) reported similar findings with harmine and harmane 
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Figure 6-Effects of three harmala alkaloids on perfusion pressure in 
the perfused hindlimb of dogs. 
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Figure 7-Effects of three harmala alkaloids on heart rate in perfused 
isolated rat hearts. Key: see Fig. 1 .  


in intact guinea pigs and on isolated guinea pig atria. Harmine has been 
reported to increase the functional refractory period of isolated guinea 
pig atria, but it was without effect on papillary muscle (14). Thus, cardiac 
slowing may result from a prolongation of the atrial refractory period. 


The consistent dose-related increase in myocardial contractile force 
elicited in intact dogs by the three harmala alkaloids was not observed 
in the isolated rat heart preparation. Harmine induced a dose-dependent 
reduction in the force of the isolated heart, and variable responses were 
produced by harmaline and harmalol. Maximal increases in cardiac 
contractile force occurred in the intact dog after the peak effects on 
systemic blood pressure. Although the effects on blood pressure varied, 
the direction and magnitude of the responses produced by each alkaloid 
on myocardial contractile force were similar. This result suggests that 
a reflex mechanism secondary to changes in systemic blood pressure may 
not be responsible for the increase in contractile force. Harmine was re- 
ported to reduce myocardial contractility in the isolated guinea pig atrium 
driven electrically at 3/sec but to elicit a positive inotropic effect in the 
atria driven at a lower frequency, i.e., l/sec (15,16). It was concluded that 
the positive inotropic effect of harmine, characterized by tachyphylaxis 
and antagonized by reserpine and propranolol, was mediated by release 
of endogenous norepinephrine (15,16). 


In the perfused hindlimb preparation in dogs, harmine, harmaline, and 
harmalol each decreased femoral vascular resistance at intraarterial doses 
insufficient to alter systemic arterial pressure. The nature of the vascular 
response to the harmala alkaloids suggested possible activation of cho- 
linergic, p-adrenergic, or histaminergic (HI) receptors. However, failure 
of specific pharmacological antagonists (atropine, propranolol, and 
brompheniramine) to inhibit the effect of the alkaloids on femoral vas- 
culature eliminated involvement of the corresponding receptors. Addi- 
tional evidence against a parasympathomimetic mechanism was failure 
of atropine or bilateral vagotomy to block the hypotensive response to 
harmine in intact dogs. Slotkin and DiStefano (8) reported similar results 
in studies with cats. Thus, vasodilation may be due to direct relaxation 
of vascular smooth muscle or activation of other receptor types [e.g., 
serotonergic and histaminergic (Hz)] by harmine. 


Harmaline-induced hypotension and reduction in total peripheral 
resistance were occasionally followed by a secondary elevation. This bi- 
phasic pattern was not observed with either harmine or harmalol. These 
secondary effects may result from a reflex vasoconstriction triggered in 
response to the fall in systemic blood pressure produced by harmaline. 
Support is offered by the fact that only monophasic responses were seen 
in the localized femoral artery preparation, in which systemic pressure 
was not altered. However, this finding fails to explain why harmine- 
induced decreases in systemic pressure did not initiate a secondary in- 
crease. 
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Figure I-Effects of three harmala alkaloids on myocardial contractile 
force in perfused isolated rat hearts. Key: see Fig. 1 .  


Table I-Results of the Cardiovascular Analysis in Intact 
Anesthetized Dogs a 


Parameter Harmine Harmaline Harmalol 
Mean blood pressure - -  --/(++) + 
Pulse pressure + +  + +  + +  
Heart rate 
Peak aortic flow + +  + +  + 
Mean aortic flow + +  f f 
Myocardial contractile force + +  + +  + +  
Total peripheral vascular _ _  --A++) f 


_ _  _ _  - 


resistance 


a + or - = average response less than 20%. ++ or -- = average response greater 
than 20%, f = variable response, ( ) = inconsistent response, and / = biphasic re- 
sponse. 


I t  is conceivable that, in addition to a relaxant effect, harmaline may 
activate “receptors” that produce a more prolonged vasoconstrictive 
response. Experimental results suggest that the vasoconstrictor com- 
ponent had a lower threshold of activation than did the vasodilator action. 
An increase in total peripheral resistance was observed in all animals 
receiving 1 mg of harmaline/kg. 


At higher doses, both receptor types would be activated. In situations 
where the relaxant effect terminated before the constrictive action, a 
biphasic response would result. The possibility of opposing dual actions 
is strengthened by the fact that the effects of harmaline on mean, systolic, 
and diastolic pressures were less than those produced by harmine. 
Summation of the two opposing actions would result in a net response 
that was less intense than would be observed if either was unopposed. 


Since anesthetics may alter neural cardioregulatory mechanisms, in- 
terpretation of the cardiovascular effects of the harmala alkaloids may 
have been confounded by the anesthetic agent. Cardiovascular responses 
in nonanesthetized animals and humans may, at least in part, be the re- 
sult of a CNS action of the harmala alkaloids (17). Pressor effects of 
harmine in unanesthetized dogs and sheep were not blocked by atropine, 
suggesting that this activity is not due to cholinergic activation of the 
ascending reticular formation (17). Further studies are needed to delin- 
eate possible central mechanisms of the harmala alkaloids in the con- 
scious subject. 
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Inhibitors of Polyamine Biosynthesis V: 
In Viuo Effects of a-Methyl-( f )-ornithine and 
a-Methyl-(f )-ornithine tert-Butyl Ester 


CHARLES E. WEEKS * and MAHMOUD M. ABDEL-MONEM 


Abstract 0 The effects of a-methyl-(6)-ornithine and its tert-butyl ester 
on the survival time and the levels of polyamines in spleen tissue of mice 
inoculated intraperitoneally with L-1210 lymphoid leukemic cells were 
studied in uiuo. These compounds were administered at doses of 1W300 
mg/kg from Day 1 of tumor inoculation until death. This treatment 
neither significantly increased survival time nor altered the increases in 
polyamine levels normally observed during tumor growth. A method was 
developed to determine polyamine levels in spleen tissue. The polyamines 
in the tissue extracts were converted to their 5-(dimethylamino)-l- 
naphthalenesulfonyl derivatives, and these derivatives were separated 
by TL,C followed by high-pressure liquid chromatography on a bonded 
phase microparticle column. The in uiuo metabolism of l-'*C-a- 
methyl-(&)-ornithim was studied and compared to that of l-14C-(&)- 
ornithine. l-14C-a-Methyl-(f)-ornithine was rapidly excreted after ad- 
ministration to mice inoculated with L-1210 leukemic cells. Within 24 
hr after injection, over 70% of the radioactive dose was found in the urine, 
primarily as the unchanged compound. Less than 0.1% of the adminis- 
tered dose appeared as 14C-labeled carbon dioxide during the 24 hr fol- 
lowing injection. In contrast, 34% of the administered dose of l-I4C- 
(f)-ornithine was metabolized to labeled carbon dioxide and 28% was 
excreted in urine during the 24 hr following injection. 


Keyphrases 0 Polyamines-effects of a-methyl-(&)-ornithine and its 
tert-butyl ester on biosynthesis in leukemic mice, TLC-high-pressure 
liquid chromatographic analysis of tissue extracts a-Methyl-(&)- 
ornithine-radiochemical study of metabolism in mice, effects on poly- 
amine biosynthesis in leukemic mice, tert-butyl ester synthesized 
TLC-high-pressure liquid chromatography-analysis, polyamines in 
tissue extracts, mice Radiochemistry-study of metabolism of a- 
methyl-(&)-ornithine in mice 


In spite of the many biological roles attributed to the 
polyamines, their exact physiological function is still not 
known. The multitude of effects elicited by the polyamines 
in cell free systems complicates definition of their true 
physiological function. However, recent evidence strongly 
implies that their primary function is the regulation of 
growth processes (1). 


Previously, the synthesis and evaluation of inhibitors 
of polyamine biosynthesis were described (2-5). In par- 
ticular, inhibitors of ornithine decarboxylase were studied 
because this enzyme appears to catalyze the rate-limiting 
step in the overall polyamine biosynthetic pathway. a- 
Alkyl- and aralkyl-(*)-ornithine and (f)-5-amino-2- 
hydrazino-2-methylpentanoic acid were synthesized and 
were potent reversible inhibitors of mammalian ornithine 
decarboxylase in uitro. It was also shown that a-methyl- 
(f)-ornithine (I) did not produce its inhibitory effects by 
acting as an alternative substrate for ornithine decarbox- 
ylase in uitro (3). A recent study found that I decreased the 
cellular levels of putrescine and spermidine in L-1210 
leukemic cells of mice grown in culture. This inhibition of 
polyamine biosynthesis was not accompanied by inhibition 
of growth of these cells ( 5 ) .  


To elucidate the function of the polyamines, a study of 
the effects of I on the survival time and polyamine levels 
in mice inoculated with L-1210 lymphoid leukemia cells 
in uiuo was undertaken. The results are reported in the 


present paper. The synthesis and in uiuo evaluation of 
a-methyl-( f)-ornithine tert- butyl ester (V) also are de- 
scribed. This compound was prepared in an attempt to 
provide an inhibitor with prolonged in uivo activity. Fur- 
thermore, a method for the determination of polyamines 
in tissue is described, and preliminary studies of the met- 
abolic fate of I in mice are discussed. 


EXPERIMENTAL' 


Melting points were determined in open capillary tubes and are un- 
corrected. NMR spectra were taken in deuterochloroform or deuterium 
oxide with tetramethylsilane or sodium 2,2-dimethyl-2-silapentane- 
5-sulfonate as the internal standard, respectively. Mass spectral analyses 
were performed at  70 ev with a 200' chamber temperature. 


Metabolic studies with radiolabeled compounds were performed using 
enclosed environment glass metabolic cages2. Autoradiographic data were 
obtained using medical X-ray film3 developed by a rapid process devel- 
oper4. TLC plates for the separation of biological samples were silica gel 
GF and Avicel FS, 250 ym, 20 X 20 cm. High-pressure liquid chroma- 
tography (HPLC) was performed on a bonded phase column6. Eluted 
compounds were detected by monitoring absorbance at  254 nm. 


(&) - W,N5-Bis( benzyloxycarbonyl)-2,5-diamino-2-methylpen- 
tanoic Acid (111)-The procedure was a modification of the method of 
Synge (6). To a solution of I monohydrochloride monohydrate (4.387 g, 
0.02 mole) in 2 N NaOH (30 ml) a t  0" were added alternately four por- 
tions of 2 N NaOH (20 ml) and benzyl chloroformate (11) (5 ml) (Scheme 
I). Each addition pair was stirred for 5-10 min, and the final reaction 
mixture was stirred for 0.5 hr. Concentrated hydrochloric acid (25 ml) 
was then added, and the resulting oily mixture was extracted with ether 
(3 X 50 ml). 


The ether layer was then extracted with 7% sodium bicarbonate (4 X 
200 ml), and the aqueous layer was acidified with concentrated hydro- 
chloric acid (110 ml) and extracted with ether containing 10% ethyl ac- 
etate (3 X 250 ml). The organic layer was dried (anhydrous calcium sul- 
fate) and then evaporated to  dryness. Crystallization from toluene- 
petroleum ether (bp 60-70') gave 111 (5.15 g, 41% yield), mp 112-114'; 
IR (KBr): 3370,3320,1715,1680,1520,1250,740, and 685 cm-l; NMR 
(deuterochloroform): 6 1.41 (broad m, 2H), 1.56 (s, 3H), 1.90 (broad m, 
2H), 3.1 (t, 2H), 5.08 (s, 4H), and 7.32 (s, 10H) ppm. 


Anal.-Calc. for C22H26N206: C, 63.76; H, 6.32; N, 6.76. Found C, 63.79; 
H, 6.32; N, 6.57. 


( A )  -~,N5-Bis(ben~yloxycarbonyl)-2,5-diamino-2-methyIpen- 
tanoic Acid tert-Butyl Ester (1V)-Preparation of IV was accom- 
plished by modifications of the method by Pandit7. To a suspension of 
I11 (3.70 g, 0.0089 mole) in methylene chloride (250 ml) containing 0.5 
ml of sulfuric acid was added isobutylene gas (about 40-50 ml) until no 
further volume change occurred (Scheme I). The reaction mixture was 
capped and stirred for 72 hr a t  room temperature. Then ammonia gas 
was added to bring the pH to  8, and excess isobutylene was removed with 
a nitrogen stream. 


Instruments used were: a Thomas-Hoover melting-point apparatus; a Per- 
kin-Elmer 237 or Beckman IR-9 IR spectrophotometer; a Varian A-60 D NMR 
spectrometer; an AEI MS-30 mass spectrometer; a Beckman LS-150 liquid scin- 
tillation counter; a model U6K injector and a model 6000 solvent delivery system, 
Waters Associates, Bedford, Mass.; an LDC UV-monitor, model 1285; and a Hew- 
lett-Packard 9100A calculator. Elemental analysis was performed by MHW Lab- 
oratories, Garden City, Mich., and Galbraith Laboratories, Knoxville, Tenn. 


Colman-Delmar Newark, Del. 
Kodak RPB-54: 
Kodak X-OMAT. 
Analtech, Newark, Del. 
Micropak CN-10 (25 cm X 2.2 mm i.d.), Varian Aerograph. 


7 Dr. U. Pandit, Laboratorium Voor Organische Scheikunde Der Universitat 
Van Amsterdam, Amsterdam, The Netherlands, personal communication. 
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The reaction mixture was washed with water, dried over anhydrous 
calcium sulfate, and evaporated to provide crude IV as an oil (3.59 g, 86% 
yield); IR (neat): 3420,3350,2975,2940,1720,1520,1500,1450,1365,1250, 
735, and 690 cm-I; NMR (deuterochloroform): 6 1.43 (s, 9H), 1.51 (s, 3H), 
1.86 (broad m, 4H), 3.17 (t, 2H), 5.08 (d, 4H), and 7.33 (s, IOH) ppm. 


And-Calc. for C26H34N206: C, 66.36; H, 7.28; N, 5.95. Found: C, 
66.23; H, 7.30; N, 5.81. 


After prolonged storage at O", the oil crystallized from ethanol-water, 
mp 85-86.5". All spectral data established identity of the solid with the 
oil (IV). 
(f)-2,5-Diamino-2-methylpentanoic Acid tert-Butyl Ester Di- 


hydrochloride (V Dihydroch1oride)-Palladium catalyst (10% on 
carbon, 100 mg) was added to a solution of IV (3.59 g, 0.0076 mole) in 
ethanol (75 ml), and the reaction mixture was hydrogenolyzed with 2.2 
kg/cm2 of hydrogen for 24 hr at room temperature (Scheme I). The slurry 
was then filtered through a diatomaceous earth* bed, rinsed with ethanol, 
and carefully evaporated to dryness. The oil was quickly dissolved in cold 
absolute ethanol, ana then ether saturated with hydrogen chloride was 
added slowly, with stirring, to the chilled solution. 


The precipitated solid was filtered and crystallized from ethanol-ether 
to give V dihydrochloride (1.69 g, 81% yield), mp >90° dec.; IR (KBr): 
2000,1730,1595,1515,1365,1250,1150,830, and 735 cm-l; NMR (deu- 
terium oxide): 6 1.55 (s, 9H), 1.58 (s,3H), 1.91 (m, 4H), and 3.04 (t, 2H) 
PPm. 


And-Calc. for Cl"H24ClzNz02: C, 43.66; H, 8.79; N, 10.18. Found: 
C, 43.67; H, 8.70; N, 9.87.- 


42.26; H, 8.83; N, 10.04. 
And-Calc. for C ~ O H ~ ~ C I ~ N ~ O ~ :  C, 42.26; H, 8.87; N, 9.86. Found: C, 


Animals-Adult male DBA/2 miceg, 15-20 g, and adult male BDFl 
miceI0, 18-20 g, were allowed food" and water ad libitum. 


Materials and S~lutions-~~C-Toluene (4.0 X lo5 dpm/ml), l-14C- 
DL-ornithine (specific activity 7.66 mCi/mmole), and sodium I4C-bi- 
carbonate (specific activity 8.4 mCi/mmole) were obtained commer- 
cially". 1-l4C-Compound I (specific activity 0.53 mCi/mmole) was syn- 
thesized as described previously (3). The counting cocktail was either 5.5 
g of fluor13 dissolved in 1 liter of toluene-methanol (1:2) or 5.5 g of fluor 
dissolved in 1 liter of nonionic surfactant14-toluene (1:2). Liquid chro- 
matographic grade  solvent^'^ were used. 


Tumor Inoculation-The L-1210 lymphoid leukemia was obtained 
as a frozen cell suspension. The tumor was carried in DBA/2 male mice 
by weekly intraperitoneal passages. A 0.1-ml volume of a suspension (in 
Eagle's 1-X balanced media) containing 1.0-2.0 X lo6 L-1210 ascites 


8 Celite. 


10 ARS Sprague-Dawley, Madison, Wis. 
1% Purina chow. 
I*  New England Nuclear, Boston, Mass. 
l 3  Permablend 111, Packard Instruments, Downers Grove, Ill. 


Triton X-100, Packard Instruments, Downers Grove, Ill. 
15 Burdick and Jackson Laboratories, Muskegon, Mich. 


Jackson Laboratories, Bar Harbor, Me. 


leukemic cells/ml, which were obtained on Day 7 from DBAI2 mice, was 
inoculated intraperitoneally into each recipient BDFl test mouse. Each 
test group was inoculated with cells obtained from the same DBA/2 
mouse. 


Drug Regimen-A daily intraperitoneal injection of 0.1 ml of the 
test compounds, from Day 1 until death, was given to leukemic BDFl mice 
inoculated on Day 0 with tumor cells as described. All test compounds 
were dissolved in sterile 0.9% NaCl solution, and the solutions were 
prepared on Days 1 and 5 of tumor growth. A 0.1-ml volume of a 0.9% 
NaCl solution was injected into each control group. Compounds I at 300 
and 100 mg/kg and V at  100 mg/kg were used in the survival time study 
and in the polyamine metabolism study. l-14C-Compound I was ad- 
ministered at  300 mg/kg once on Day 3 of tumor growth to study I me- 
tabolism. 


Survival Time Test-Protocol 1.100 (7) of the National Cancer In- 
stitute was followed. Eight mice were used in each test group, and 18 mice 
were used in the control group. A suspension of 1.2 X lo5 L-1210 cells was 
inoculated into each BDFl mouse on Day 0. 


Preparation of Spleen Extracts for Polyamine Determination- 
Two animals from each test group and two animals from the control group 
were sacrificed by cervical dislocation on Days 0 (control only), 3,6, and 
8 after tumor inoculation. The spleens were removed quickly, excised 
from surrounding fatty tissue, rinsed in 0.9% NaCl, blotted dry, and 
frozen immediately in a liquid fluorocarbon16. The spleens were weighed 
and then quickly homogenized in 10 volumes of chilled 0.4 N perchloric 
acid homogenization solution. The homogenate was centrifuged at 5000 
rpm for 20 min, and the supernate was removed and stored at -70' until 
analysis. 


Determination of Polyamines in Spleen Extracts-Spleen extracts 
were dansylated according to the method of Seiler and Wiechmann (8), 
but the following modifications were necessary to obtain optimal con- 
ditions. A 100-pl portion of the spleen tissue extract was shaken overnight 
in a stoppered tube in a reaction mixture containing 600 pl of a solution 
of 1-dimethylaminonaphthalene-5-sulfonyl (dansyl) chloride (12 mg/ml) 
in acetone, 200 pl of a saturated sodium carbonate solution, and 50 pl of 
80.0 pM 1,3-propanediamine in water. Duplicate samples were analyzed. 
In a similar fashion, polyamine standard solutions were dansylated. 
Volumes of 10,25,50,75, and 100 p1 of an aqueous solution containing 
0.0454 mM putrescine, 0.333 mM spermidine, and 0.320 mM spermine 
were reacted. A 100-pl portion of 0.4 N perchloric acid was added to the 
standards along with 50 pl of the 1,3-propanediamine solution. Standards 
were run in duplicate or triplicate. 


After a 16-hr reaction period, 300 pl of an aqueous proline solution (300 
mM) was added to each sample and the mixtures were shaken for 2 hr 
to eliminate excess dansyl chloride. Acetone in the reaction mixture was 
evaporated at  40" under a nitrogen stream. Water (0.5 ml) was added to 
the evaporated mixture, and the dansylated polyamines were extracted 
into benzene (5 ml). The benzene layer was evaporated to dryness at 40" 
under a nitrogen stream, and the resulting residue was dissolved in a small 
portion of chloroform. The chloroform solution was applied to silica gel 
GF TLC plates, and the plates were developed for 15 cm with cyclohex- 
ane-ether (1:9). 


The dansylated polyamine standards were developed concurrently with 
the tissue extracts; areas corresponding to the polyamines and to 1,3- 
propanediamine (UV visualization) were scraped, using a glass recovery 
tube'7, and eluted with 5 ml of triethylamine-2-propanol(l:l). The eluant 
was evaporated to dryness at 40" under a nitrogen stream. The residue 
was dissolved in methylene chloride (50 or 100 pl), and 5-10-pl aliquots 
were used for separation by HPLC. The solvent system used for the 
HPLC separation was cyclohexane-methylene chloride-2-propanol 
(88.5:7.5:4) at a flow rate of 1.0 ml/min. 


Monitoring of the eluted dansylated polyamines was accomplished by 
a UV detector at 254 nm. Baseline separation of all arnines was achieved, 
and the total time per sample was under 25 min (Fig. 1). To ensure 
chromatographic purity, the eluants from the HPLC column corre- 
sponding to each amine were collected separately during two individual 
separations, evaporated to dryness, and then rechromatographed two 
dimensionally (15 cm each direction) on silica gel GF TLC plates, first 
with chloroform-triethylamine (1O:l) and then with cyclohexane-ethyl 
acetate (1:l). 


Each chromatogram yielded only one fluorescent spot that coincided 
exactly to the respective dansylated polyamine standard. The ratio of 
the area under the peaks of the polyamines to that of 1,3-propanediamine 


16 Freon. 
17 Chromaflex recovery tube, Kontes Glass Co., Vineland, N.J. 
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Figure 1-HPLC separation of a standard solution of the dansyl de- 
rivatives of the polyamines (A) and of the dansyl derivatives of the 
polyamines obtained from the spleens of mice inoculated with L-1210 
leukemic cells (B) .  The compounds tested were the dansyl derivatives 
of 1,d-propanediamine (internal standard) (I), putrescine (2), sper- 
midine (3), and spermine ( 4 ) .  


was calculated from the HPLC charts by the triangulation method. 
Standard curves for each amine were obtained by linear regression 
analysis of area ratios. Values of the polyamine content in spleen tissue 
were obtained from each standard curve. 


Determination of lJ4C-I Metabolism-Two adult male BDFl mice, 
19-20 g, were inoculated with a suspension of 1.7 X lo5 L-1210 leukemic 
ascites cells on Day 0. On Day 3 of tumor growth, each mouse was injected 
with 0.1 ml(O.1035 g) of a solution containing 0.0392 g (0.195 mmole) of 
l-14C-I and 0.0797 g of unlabeled I dissolved in 2.00 ml of 0.9% NaC1. The 
animals were then placed into a glass-enclosed environment metabolism 
cage, designed to separate the urine and feces and to allow carbon dioxide 
collection. 


Air was pulled through the cage a t  the rate of 150-200 cm:’/min. The 
air entry tube contained granulated sodium hydroxidela, which removed 
all atmospheric carbon dioxide. Expired carbon dioxide was collected 
at  4 hr and from 4 to 24 hr in separate traps containing 75 ml of 10 N 
NaOH. A backup trap of 10 N NaOH (200 ml) was used during the entire 
experiment. The urine was collected a t  4 hr and from 4 to 24 hr, and the 
metabolic cage was rinsed carefully with water at  each period. The diluted 
urine solutions were filtered through sintered-glass funnels and then 
frozen until analysis. 


Previously, a standard curve was prepared to determine the quenching 
effect of urine on the counting efficiency. Various dilutions of urine ob- 
tained from male BDFl mice and a constant amount of 1-ldC-I were 
mixed in water to a final volume of 1.0 ml. Then the toluene-nonionic 
surfactant cocktail (10 ml) was added to each sample, and the counts per 
minute of the samples were measured. Examination of the standard 
quench curve showed that urine diluted between 1:lO and 1 : l O O  had no 
effect on the counting efficiency in the scintillation system used. 


14C-Toluene and l-14C-DL-ornithine standards were used to determine 
the cocktail counting efficiency, which was calculated to be 86.7%. 
Triplicate samples of each urine collection were analyzed. For each 
sample, a 1.0-ml volume of the diluted urine solution was added to 10.0 
ml of the cocktail. The percent of the administered dose of l-I4C-I found 
in the urine was calculated by converting all values obtained by liquid 
scintillation counting to disintegrations per minute. 


I* Ascarite. 
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Table I-Effects of I and  V on the Survival Time of Male BDFl 
Mice Inoculated Intraperitoneally with L-1210 Leukemic Cells 
of Mice 


Test Dose, Number of Mean Survival 
Group Compound mg/kg Animals Time, daysn 


1 I hydrochloride 100 8 7.7 
2 I hydrochloride 300 8 7.4 
3 V dihydrochloride 100 8 8.1 
4 Control (0.9% NaCI) - 18 7.4 (f0.55) 
Mean survival time was calculated according to Protocol 11 in Ref. 7. 


The I4C-labeled carbon dioxide collected during the metabolism study 
was measured as follows. Duplicate samples of 1.0,2.0, and 5.0 ml of each 
collection time period were pipetted into separate 25-ml conical flasks. 
The flasks were sealed with a rubber stopper, which held a polypropylene 
center well containing 200 p1 of ethanolamine. The labeled carbon dioxide 
was liberated by the injection of similar volumes of concentrated hy- 
drochloric acid into the reaction flasks. The flasks stood for 20-24 hr to 
ensure complete absorption of the carbon dioxide by the ethanolamine. 
Then the polypropylene cups were carefully cut and placed into a 
counting vial containing 10.0 ml of methanol-toluene cocktail. 


The efficiency of the carbon dioxide collection was determined by 
comparison of values obtained from a standard sodium I4C-bicarbonate 
solution using the described method to values obtained by a direct count 
of an identical volume (0.01 ml) of the sodium I4C-bicarbonate solution 
in the cocktail. Collection efficiency was calculated to be 93.2 i 0.8%. The 
counting efficiency of the cocktail, determined by use of 14C-toluene and 
1- 14C-DL-ornithine, was calculated to be 73%. All final cocktail mixtures 
contained 10.0 ml of the methanol-toluene cocktail, 0.2 ml of ethanol- 
amine, and 0.01 ml of water. 


Portions of the urine samples were freeze dried and then applied to 
cellulose TLC plates. The plates were developed two dimensionally (15 
cm in each direction) by combinations of the following systems: A, 
methanol-pyridine-1.2 N HC1 (&1:2); B, methanol-pyridine-water- 
acetic acid (6:64:1); and C, 1-butanol-water-acetic acid (3:l:l). Each 
developed chromatogram was coated with a saturated solution of an- 
thracene (in benzene), dried, placed into a metal cassette containing 
X-ray film, and then exposed for 48 hr in a dry ice chamber. The auto- 
radiogram was developed and fixed. 


Authentic I (2-3 mg) was added to the freeze-dried solutions prior to 
the TLC application. The same TLC plates that were used for autora- 
diography were afterward sprayed with ninhydrin (1% in ethanol) and 
then heated. The ninhydrin-positive spots that appeared were correlated 
to the autoradiograms. Authentic l-I4C-I was run separately in each TLC 
system, autoradiographed, and visualized with ninhydrin as described. 
Results were correlated to urine samples. 


l-14C-DL-Ornithine was diluted appropriately, and 0.1 ml of this so- 
lution (0.0993 g) was injected on Day 3 into two BDFl male mice; these 
mice had been inoculated on Day 0 with 1.02 X lo5 L-1210 cells. The mice 
were housed in the metabolism cages, and the urine and I4C-labeled 
carbon dioxide were collected and measured as described. The specific 
activity of the stock l-14C-D1,-ornithine solutia,  was determined using 
a toluene-nonionic surfactant cocktail. 


The animals were not fed throughout both metabolic studies, but water 
was given ad  libitum. 


RESULTS AND DISCUSSION 


The synthesis of I and I4C-I were reported previously (2,3). Compound 
V was very susceptible to intramolecular ring closure and gave the lactam 
VI and tert-hutanol (Scheme I). The dihydrochloride salt of V was not 
susceptible to this decomposition. However, V dihydrochloride must he 
prepared with ice-cold dilute ethereal hydrogen chloride to prevent the 
acid hydrolysis of the tert-butyl ester moiety. Compound V dihydro- 
chloride was very hygroscopic and formed a stable hemihydrate upon 
exposure to air. Periodic proton magnetic resonance examination of dried 
samples of V dihydrochloride stored a t  0’ under vacuum showed that 
no formation of tert-butanol had occurred. 


Compound V was prepared to act as a prodrug that may have better 
in vivo transport and distribution characteristics than I. In uiuo, V would 
hydrolyze to liberate the active decarboxylase inhibitor I. 


Compounds I and V produced no increase in the survival time of mice 
(Table I). Russell (9) reported similar results using I (10); however, no 
details of dosage regimen or test conditions were given. 


The effects of I and V on the changes in the polyamine levels during 







Table 11-Effects of I on t h e  Polyamine Levels in Spleen of BDFl Mice Inoculated with L-1210 Leukemic Cells of Mice 


Levels, wmoleslg (Range) * 
Polyamine Day” Group le Group 2 Group 3c  Group 4c 


Put  r e s c i n e 3 0.19 (0.16-0.22) 0.11 (0.10-0.12) 0.19 (0.13-0.26) 0.18 (0.14-0.21) 
6 0.31 (0.29-0.34) 0.28 (0.35-0.32) 0.29 (0.22-0.36) 0.32 (0.30-0.33) 
8 0.30 0.23 0.38 0.26 


Spermidine 3 1.64 (1.30-1.97) 1.21 (1.13-1.28) 1.70 (1.46-1.96) 1.59 (1.18-2.01) 
6 2.14 (2.09-2.19) 2.00 (1.95-2.05) 2.05 (1.72-2.38) 2.06 (1.66-2.45) 
8 1.99 1.82 2.10 1.70 


Spermine 3 1.06 (0.92-1.20) 0.84 (0.77-0.90) 1.00 (0.86-1.14) 1.00 (0.79-1.21) 
6 1.15 (1.03-1.27) 1.02 (0.99-1.05) 1.05 (0.86-1.23) 1.02 (0.95-1.09) 
8 0.77 0.78 n.84 n 13 


~ 


Days after inoculation of mice with 1.2 X lo5 L-1210 ascites tumor cells. Ranges between animals within each test group. Compounds were administered by intra- 
peritoneal injection from Days I through 7 to the mice in the following groups: Group 1,100 mgkg  of I hydrochloride monohydrate; Group 2,300 mgkg of I hydrochloride 
monohydrate; Group 3,100 mg/kg of V dihydrochloride; and Group 4,0.9% NaC1. 


tumor growth were studied using spleen tissue obtained from BDFl mice 
inoculated with L-1210 leukemic cells. The basal polyamine levels on Day 
0 were 0.17,1.5, and 0.9 pmoles/g of tissue for putrescine, spermidine, and 
spermine, respectively. These levels progressively increased to the 
maxima on Day 6. Although the animals were of the same age, weight, 
and sex, the levels of each polyamine varied widely from animal to animal 
within each test group. In general, the mean values for the accumulation 
of the polyamines during L-1210 tumor growth were consistent in mag- 
nitude with values reported by otners (11,12). One notable exception was 
that the putrescine levels were slightly higher than those reported pre- 
viously (11). Daily injections of I a t  doses of 100 and 300 mg/kg or V a t  
a dose of 100 mg/kg had no significant effect on the polyamine level 
changes occurring during L-1210 tumor growth (Table 11). 


Standard solutions of each polyamine were used to obtain standard 
curves. A linear relationship between the amount of amine added and 
the ratio of the area of its peak to that of the internal standard was ob- 
served. The correlation coefficients, calculated by regression analysis, 
were 0.995 for putrescine, 0.996 for spermidine, and 0.996 for spermine. 
The polyamine concentrations in the spleen extracts were obtained by 
entering the ratio of the peak areas of the polyamine to that of 1,3-pro- 
panediamine onto the standard curve. Duplicate samples from each 
spleen extract were within %lo%. 


To delineate the factors that may have contributed to the lack of in  
uiuo activity of I, the fate of the 1-’4C-labeled compound was studied in 
mice. The fate of (f)-ornithine (VII) was also studied to monitor the 
metabolic changes of the substrate L-ornithine. Less than 0.1% of the 
injected dose of I was recovered as 14C-labeled carbon dioxide during 24 
hr (Table 111). This value correlated well with results obtained by others 
with a-methyl-substituted amino acid analogs that inhibit decarboxylase 
enzymes (13-15). I t  is also in agreement with results of studies on the 
decarboxylation of I in  uitro (3). Compound I was eliminated relatively 
rapidly in urine. Four hours after injection, 38% of the injected dose of 
I was recovered in the urine. During the 4-24-hr period, another 32% of 
the dose was excreted in urine. The rapid elimination of I uia the kidney 
after intraperitoneal injection may be responsible for the lack of in  uiuo 
activity. 


During a 24-hr period, 34% of the administered dose of 14C-VII was 
metabolized to 14C-labeled carbon dioxide and 28% was excreted in urine. 
The pattern of the major elimination pathway changed dramatically over 
the 24 hr. During the 0-4-hr interval after administration, decarboxyl- 
ation occurred to the extent of 28% while urinary excretion accounted 


Table 111-Elimination of 14C-I and  14C-VII a f t e r  
Intraperitoneal Injection i n  Mice 


Percent of 
Dose Excreted 


Percent of Dose as Labeled 
Compound” Hoursb Excreted in Urine Carbon Dioxide 


‘4C-I 0-4 38.20 0.04 
4-24 32.43 0.03 


~ ~ C - V I I  0-4 0.10 27.50 
4-24 28.01 6.00 


a Compounds were injected intraperitoneally in BDFl mice on Day 3 after in- 
oculation with 1.71 x 105 L-1210 cells. b Hours after intraperitoneal injection of 
the test compounds. 


for only 0.1% of the injected dose. I t  is assumed that only the L-form of 
the injected 14C-VII was decarboxylated. Thus, over 50% of the natural 
substrate was rapidly decarboxylated. From 4 to 24 hr, metabolism uia 
labeled carbon dioxide loss amounted to only 6% whereas urinary ex- 
cretion represented 28% of the injected dose. The radioactivity excreted 
in the urine was probably due solely to the D-enantiomer since this en- 
antiomer cannot be decarboxylated (16) and probably cannot be reab- 
sorbed by kidney tubules. 


The urine samples collected after intraperitoneal injection of l-14C-I 
were examined for possible metabolites. In all chromatographic systems 
examined, the radioactivity was located entirely in ninhydrin-positive 
areas and these spots were coincident with authentic l-14C-I. These re- 
sults indicate that I was excreted in urine primarily unchanged. 
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PREDICTION: NEW DRUG LAW COMING 


Washington, as the focal point of the federal government operation, has often 
been characterized as a “three-ring circus.” That’s probably a fair characterization, 
and it would be equally fair to say that, in recent years a t  least, one of those three 
rings has been devoted exclusively to health care-related issues. Moreover, from 
our own particular point of interest, it is difficult to recall very many of these issues 
that didn’t involve drugs and pharmaceuticals partially, if not exclusively. 


Not surprisingly, therefore, various bills have been introduced each year both 
in the House and the Senate calling for some revision of the principal law that deals 
with pharmaceuticals-namely, the Federal Food, Drug, and Cosmetic Act. But 
of the hundreds of such bills sponsored, only a few relatively minor ones have been 
enacted. 


Historically, the present law was passed in 1938, and it represented the first and 
only major overhaul of federal drug legislation since the original Pure Food and 
Drugs Act became law in 1906. Furthermore, the Drug Amendments of 1962- 
which, among other things, added the concept of efficacy as a condition of new drug 
approval-constituted the last major change in the 1938 Act. 


Virtually all bills subsequently put into the legislative hopper have gone nowhere, 
although some of them enjoyed serious consideration to the point that congressional 
hearings were conducted with APhA witnesses and others trooping dutifully to 
Capitol Hill to present views and testimony on the particular proposal a t  hand. In 
the words of one cynical association spokesman, “Senator X snaps his fingers, and 
like so many trained show dogs we all go through our routine, knowing full well 
nothing will come of it, but fearful that if we don’t we’ll appear to be asleep for not 
voicing our views on the subject!” 


Well, it now looks to us and to a t  least some other long time “Washington- 
watchers” that the preliminaries are about to end and 1978 may well be the year 
that we see a top-to-bottom new drug law go on the books. Congress has become 
increasingly restless, involved, and concerned. Public controversy has been stirred 
by issues such as the proposed saccharin ban, the efforts to keep laetrile off the 
market, the purported drug lag, the allegations of disgruntled FDA employees, and 
a barrage of lawsuits filed against the FDA and its parent department by diverse 
groups ranging from consumers to professional societies to the drug industry. 


In the case of many issues that get into the congressional mill, there is some di- 
vision along party, philosophical, or interest lines as to a group seeking new legis- 
lation and a group wishing to thwart new legislation. However, regarding drug 
legislation, the situation in the past few years is reminiscent of comedian Jimmy 
Durante’s famous line: “Everybody wants to get into the act!” Liberals and con- 
servatives, Republicans and Democrats, urban representatives and rural repre- 
sentatives, have all sponsored various proposals for major changes in the current 
drug laws. 


If this were not indication enough that something might be going to happen this 
time around, the odds became enormously greater with a minor bombshell an- 
nouncement this past October. 


HEW Secretary Joseph A. Califano, Jr., unexpectedly came out with a call for 
“a top-to-bottom, thorough overhaul” of the nation’s drug regulatory laws. And 
in the year that Mr. Califano has been on the job, Washingtonians have come to 
know that when this cabinet officer speaks, he means business. Consequently, not 
only is there philosophic support from the Carter administration for drug reform 
legislation, but it most likely will benefit from the push of one of the most activist 
people in the current administration. 


Mr. Califano’s statement was greeted warmly by a broad spectrum of interested 
parties. These ranged from consumer organizations to drug industry trade groups. 
The public press reported that “top staff members for Sen. Edward M. Kennedy 
and Rep. Paul Rogers, said that the two chairmen of the key health committees in 
the Senate and House were enthusiastic about the proposed changes outlined by 
Califano.” Other congressional figures were also identified as voicing their con- 
currence. 


Collectively, these developments lead us to the prediction in the headline of this 
column. A member of Senator Kennedy’s staff speculated that Califano’s position 
meant that  a bill would pass the Senate by mid-1978; he added, “The key point is 
that  this is the first time since 1962 that all the major actors are in agreement.” Or 
as the astrologists would put it: “The stars are right!” 








Stability of Prostaglandin El and Dinoprostone (Prostaglandin 
E2) under Strongly Acidic and Basic Conditions 


R. G. STEHLE" and T. 0. OESTERLING* 


Abstract 0 The stability of prostaglandin El and dinoprostone was in- 
vestigated at the extremes of the pH range (13 and >lo) in the sequence 
prostaglandin E - prostaglandin A - prostaglandin B. The degradation 
rate is first order with hydrogen-ion and hydroxide-ion concentrations. 
Separation and analysis of the E prostaglandins were accomplished by 
TLC and UV spectrophotometry. At the lowest pH values and at elevated 
or low temperatures, significant amounts of 15-epiprostaglandin E were 
present. Apparent activation energies for the total dinoprostone loss, 
calculated from elevated temperature data, were 21 kcal/mole in the 
strongly acidic region and about 18 kcal/mole at pH 3. Corresponding 
studies in the alkaline region led to a derived Arrhenius activation energy 
of 15 kcal/mole with the appearance of significant amounts of 8-iso- 
prostaglandin E. This difference in activation energies may reflect the 
different mechanisms operant at high and low pH values. 


Keyphrases Prostaglandins-El and dinoprostone, stability at pH 
extremes 0 Dinoprostone-stability at pH extremes 0 Stability- 
prostaglandin El and dinoprostone at  pH extremes Degradation- 
prostaglandin El and dinoprostone at pH extremes Oxytocic agents- 
prostaglandin El and dinoprostone, stability at pH extremes 


The biological aspects of prostaglandins dominate the 
literature on these substances. Prostaglandins appear to 
be widely involved in the body's biochemistry, with po- 
tential applications in such areas as labor induction, con- 
traception, control of ulcers, asthma, and blood pressure 
regulation. The ready availability from certain forms of 
Plexaura homomalla of A prostaglandin derivatives, which 
have been converted to E and F prostaglandins (1,2), has 
facilitated research on these long chain fatty acids. 


BACKGROUND 


The E prostaglandins, those containing the 0-hydroxycyclopentanone 
ring such as dinoprostone' (I) (A,,, - 170 nm), are important clinically. 
This @-hydroxy ketone system i s  unstable and readily undergoes dehy- 
dration (3-5) under acidic or basic conditions to A-type prostaglandins, 
those containing a cyclopentenone ring such as prostaglandin A2 (111) 
(A,,, - 220 nm). Under basic conditions, the A prostaglandins can 
isomerize further to B prostaglandins (3) such as prostaglandin Bz (IV) 
(A,,, - 280 nm). 


In addition to this main reaction pathway, the formation of epimers 
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at C-15 may occur under strongly acidic conditions (6) (Scheme I). In 
mildly to strongly basic media, the E prostaglandin can form an equi- 
librium mixture with its C-8 isomer (7) (Scheme 11). The 13,15-allylic 
rearrangement product of A prostaglandins was found in acidic reaction 
mixtures (8). and it was implied that E prostaglandins can also undergo 
13,15-rearrangement under similar conditions to small amounts of, for 
example, V. Other limited evidence (8) indicates that the 13,15-prosta- 
glandin A rearrangement product also can dehydrate to give\"minor 
elimination products." 


A kinetic study of the prostaglandin E - prostaglandin A - prosta- 
glandin B reaction as a function of pH and temperature was reported 
recently (9), in which the total amounts of E, A, and B prostaglandins 
present were followed by UV spectrophotometry. This procedure did not, 
however, account for the concentrations of epimers and other prosta- 
glandin derivatives with the same or similar absorption properties. A t  
low pH values (<-2.5), the dehydration rate was directly proportional 
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Scheme II Code designation prostaglandin E2. 
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Figure 1-Thin-layer chromatograms (on silica gel) of prostaglandins 
developed in ethyl acetate-ethanol-acetic acid (1OO:l:l). The  heavily 
spotted I sample shows a small amount of  I l l .  Isomers found in acidic 
and basic degradation mixtures are clearly different. The  acidic solution 
was a 12-hr, 37', p H  1.1 sample; the basic solution was from 0.01 N KOH, 
approximately 10 min at 37'. Prostaglandins of the 1 and 2 series are 
not resolved in this TLC system. Key: A, I;  B, III; C, Vll;  D, VIII  (im- 
pure); E,  acidic solution; and F, basic solution. 


to the hydrogen-ion concentration. The calculated activation energy, E,, 
values for the dehydration process were 18 kcal/mole at  low pH values 
and 24 kcal/mole at  intermediate (neutral) pH values. The E, for the 
prostaglandin A - prostaglandin B process was 20 kcal/mole, and there 
was a difference in the dehydration rate constants for prostaglandin El 
(11) and I in the pH 3-10 range. 


In another study (lo), a total rate equation for I decomposition was 
developed. The high temperature data were consistent with literature 
data (9). The room temperature studies, however, led to a more thorough 
interpretation of the kinetic data in the pH 4-9 range. 


In previous work ( l l ) ,  the prostaglandin E - prostaglandin A - 
prostaglandin B reaction was studied in dilute sodium hydroxide solu- 
tions. Isomerization (prostaglandin A - prostaglandin B) constants were 
measured by: ( a )  monitoring the development of the B prostaglandin 
peak at 283 nm when starting with alkaline solutions of the corresponding 
A prostaglandin, and ( b )  reacting E prostaglandins under conditions 
identical to those used for the A prostaglandins and again measuring the 
appearance of the prostaglandin B peak at 283 nm. Estimation of dehy- 
dration (prostaglandin E - prostaglandin A) and isomerization (pros- 
taglandin A - prostaglandin B) rate constants involved the fitting of 
product-time data to the rate equations with an iterative nonlinear 
least-squares computer program. 


In those studies (ll), the apparent dehydration rate constants were 
approximately six times the values of the corresponding prostaglandin 
A - prostaglandin B rate constants. For prostaglandin A1 - prosta- 
glandin B1 and prostaglandin A2 - prostaglandin Bz, the respective 
Arrhenius activation energies were 15.5 f 1.2 and 13.4 f 0.8 kcall 
mole. 


This report focuses mainly on the kinetics of the total degradation of 
I and I1 as a function of temperature and pH and attempts to evaluate 
the relative contribution of the various isomerization reactions. 


EXPERIMENTAL 


White crystalline 112, mp 11%115', and I*, mp 65-68', were used. The 
estimated purity in each case was 198% by TLC. White, crystalline 8- 
isoprostaglandin El2 (VI), mp 73-75', and 8-isoprostaglandin Ez2 (VII), 
mp 107-108", showed one spot by TLC. 


2 Supplied by research laboratories at The Upjohn Co. 
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Figure 2-Kinetic data for total disappearance of I f rom aqueous so- 
lution, pH 2.05. Key: ., 47'; A, 57'; and ., 70'. 


Low pH Studies-The total loss of I from solutions of low pH was 
measured by assaying the remaining I as a function of time. A 0.25-ml 
volume of ethanolic I, 50 mg/ml, was slowly added, with vigorous agita- 
tion, to 25 ml of the aqueous solutions (0.1 N HCl, pH 1.10; 0.01 N HC1, 
pH 2.05; and 0.1 M citrate buffer, pH 2.99) at the reaction temperatures. 
The resulting 0.5-mg/ml solutions were well within the room temperature 
solubility of I in solutions below pH 4 (12). 


Samples of 2 ml were withdrawn from the 0.5-mg/ml I solution at zero 
time and at  appropriate time intervals. Each sample was extracted twice 
with water-saturated ethyl acetate; the organic phase was removed after 
vigorous shaking and centrifugation. The cumulative extract was evap- 
orated to dryness under nitrogen and vacuum, and ethanol was added 
to make 100 pl. Samples of 10 pl of the concentrate were analyzed by 
TLC. 


High pH Studies-Studies a t  pH > 10 were carried out in various 
concentrations of sodium or potassium hydroxide. The system was ad- 
justed to an ionic strength of 0.4 with potassium chloride. Runs were 
performed at  two initial prostaglandin concentrations to verify that the 
overall loss followed first-order kinetics. 


Solutions of 0.1 mg of I or II/ml were prepared in 25-ml stoppered er- 
lenmeyer flasks with aqueous sodium hydroxide (0.002-0.010 N )  con- 
taining sufficient potassium chloride to adjust the ionic strength to 0.4. 
Acidified 10-ml aliquots, removed at  various times, were quantitatively 
extracted with three 10-ml portions of methylene chloride or water-sat- 
urated ethyl acetate. The cumulative organic phase was dried under 
vacuum with a nitrogen stream, concentrated, and treated as described 
under TLC. 


Rate constants for the total disappearance of I from alkaline solutions 
between pH 10.3 and 11.5 were obtained by dissolving I at a concentration 
of 0.5 mg/ml (1.42 X M) in 0.0025-0.010 N KOH and adjusting to 
ionic strength 0.4 with potassium chloride. The pH of the solution was 
then read to within f0.02 unitg a t  the reaction temperature since the I1 
concentration was not negligible compared to the hydroxide-ion con- 
centration. Samples of 2 ml were withdrawn at  suitable times after the 
initial mixing, acidified to pH 3 with dilute hydrochloric acid, and pre- 
pared for quantitative TLC as already described. Three 3-ml volumes 
of ethyl acetate were sufficient for quantitative extraction. The pH was 
read again after the final sample was withdrawn. 


TLC-Andersen (13) evaluated the ability of many solvent systems 
to separate A and B prostaglandins and epimers of E prostaglandins from 


3 Fisher Accumet, model 310, Fisher Scientific Co., Pittsburgh, PA 15219. 
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Table I-Rate Constants for Total Loss of I from Acidic 
Media 


r>H 'I'emoerature K .  sec-' X 106 En. kcal/mole 


1.10 I7O 1.51, 1.50 20.7 f 0.1 
37O 13.9, 14.6 
47" 41.9.42.2.44.7 
56" 94.7,96.9 
70" 344,351 


47" 4.92,4.28 
57" 12.5, 11.9 
70" 42.8.42.5 


2.05 370 1.73, 1.75 21.2 f 0.2 


2.99 37" 1.25' 
49" 3.64 
57" 7.19 
70' 22.1 


18.4 f 0.3 


the natural E prostaglandins. It was decided that quantitative TLC would 
provide a rellable and accurate method of analysis and separation of I 
or I1 from all degradation products. Alcoholic concentrates of reaction 
mixtures were spotted onto prescored silica gel plates4, which were then 
developed in ethyl acetate-acetic acid-ethanol (1OOl:l) (13). This system 
provided adequate separation of E prostaglandins and their isomers, 
particularly 15-epiprostaglandin Ea 0'111) and VII (Fig. 1). 


Since high laboratory humidity (>50%) resulted in a significant loss 
in resolution, the plates were activated by heating overnight at 70" and 
stored and spotted in a constant (15-20%) humidity room. After devel- 
opment, one end of the prescored plate, reserved as a marker to locate 
the E prostaglandin in the developed kinetic samples, was broken off, 
sprayed with 15% ammonium sulfate, and charred on a hot plate. Once 
located, an unknown sample was scraped into a sintered- glass funnel and 
eluted with methanol into a 10-ml volumetric flask. A "plate blank" 
served to subtract out any background ahsorbance due to plate binders 
and/or colloidal silica gel particles. 


Each flask was treated with 1 ml of 5 N KOH, virtually instantaneously 
converting the E prostaglandin to the corresponding B prostaglandin, 
and diluted to volume with methanol. After 10 min, the samples were 
scanned from 350 to 250 nm against a potassium hydroxide-methanol 
blank on a recording spectrophotometer5; results were compared to a 
standard curve (A,,, 278 nm) for E prostaglandin converted to B pros- 
taglandin in aqueous methanolic potassium hydroxide. 
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Figure 3-Arrhenius plot of I degradation at pH 1.10. Data o/ Monk-  
house eta] .  (9), p H  1.2, are included for comparison (dashed line); K 
refers t o  overall apparent first-order rate constant. 


J Silica gel CF, '250 Fm, Analtech, Newark, DE 1971 1 .  
5 Zeiss DMH 21, Carl Zeiss, Oberkochen, West Germany. 
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Figure 4-Arrhenius plot of I degradation at pH 2.05. 


RESULTS 


Figure 2 shows typical first-order time data for the total disappearance 
of I from solution a t  pH 2.05. Data were plotted as percent of the initial 
assay. No significant change in pH occurred during a run in acid media. 
Table I lists the low pH degradation data for I. These data are also 
summarized in Figs. 3-5. 


The pH 1.2 dehydration rate data of Monkhouse et al. (9) were in- 
cluded for comparison in Fig. 3. The present E, values a t  the lower pH 
values, where appreciable epimerization and possible rearrangement 
products were observed, are essentially identical, and higher than the 
lB-kcal/mole value previously found (9). The E ,  observed at pH 2.99, 
however, where negligible epimerization, ete., was seen, agreed with that 
reported (9) for dehydration alone. 


The rate of total loss of I was proportional to the hydrogen-ion con- 
centration in the pH 1-2 region but not around pH 3. Above about pH 
2.5, specific hydrogen-ion catalysis decreases in relative importance, a 
significant part of the total loss of E prostaglandin being due to water or 
buffer catalysis. Under the most severe conditions encountered in the 
oral administration of an E prostaglandin (37', pH 1-15), roughly 5% 
of the prostaglandin would be lost per hour from nonenzymatic 
causes. 
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Figure 5-Arrhenius plot of I degradation at pH 2.99. 
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Table 11-Effect of pH and  Temperature  on Apparent First- 
Order  Rate  Constants of Alkaline Dehydration of I and  I1 and  
Their  8-Isomers a t  0.1 mg/ml 


Sodium 
Hvdroxide 


Prosta- Conientration, K ,  sec-' 
glandin Temperature N p~~ x 104 


I1 37" 0.002 2.70 4.40 
I1 37" 0.004 2.40 7.21 ~- 
I1 37" 
I1 37O 
I1 37" 


VI 37" 
I 37O 
I 370 
I 370 
I 37" 
I 37" 


IT 27' _. 


I1 47O 
I1 57" 


VII 37" 
I 27" 


0.006 2.22 10.0 
0.008 2.10 17.3 
0.010 2.00 19.3 
0.004 2.40 8.07 
0.002 2.70 4.09 
0.004 2.40 9.30 
0.006 2.22 11.8 
0.008 2.10 16.9 
0.010 2.00 18.2 
0.004 2.40 3.36 
0.004 2.40 15.4 
0.004 2.40 35.2 
0.004 2.40 8.26 
0.004 2.40 3.17 


I 47" 0.004 2.40 16.6 
I 57" 0.004 2.40 29.1 


Table I1 lists first-order data for the loss of I and I1 from alkaline so- 
lutions made with sodium hydroxide. There is little difference between 
the rate constants measured for an 8-iso-E prostaglandin and the E 
prostaglandin itself. Moreover, no significant difference is seen between 
I and 11. This result is consistent with the previous data (9) where the I 
and I1 curves appeared to be converging a t  pH 10. 


Figure 6 shows the rate dependence of the overall loss of E prosta- 
glandin on temperature in 0.004 N NaOH. Arrhenius activation energies 
from these data are 15.4 f 0.5 kcal/mole for I1 and 14.3 f 1.5 kcal/mole 
for I where the f figure is the least-squares standard deviation. The lower 
E,, values a t  alkaline pH's may reflect the different mechanisms operant 
at low and high pH values. At high pH, the mechanism is probably the 
abstraction of an activated hydrogen alpha to the carbonyl group or from 
the enol form of the prostaglandin; in strongly acid solutions, attack of 
a suitable site, such as (2-11, by a proton forming a good leaving group 
(HOH) can he the first step in the elimination process. 


Table I11 presents results obtained in I stability studies in potassium 
hydroxide solution a t  0.5 mg/ml. Figure 7 summarizes the 37" data con- 
tained in Tables I1 and 111; net hydroxide-ion concentrations were esti- 
mated as initial hydroxide-ion concentrations for the 0.1-mg/ml pros- 
taglandin solutions, and as [OH-] = lOH-10 - [I10 = [OH-]o - 1.42 X lo-:' 
in the 0.5-mg/ml runs in potassium hydroxide, where the subscript in- 
dicates initial values. 


The least-squares slope is 0.95 for the I1 data and 0.94 for I when so- 
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Figure 6-Effect of temperature on II (@) and I ( 0 )  degradation in 
sodium hydroxide solutions. 


Table 111-Rate Data for I i n  Alkaline Media (Potassium 
Hydroxide) a t  37"; [I10 = 1.42 X M 


Potassium 
Hydroxide 


Concentration, Initial Final Average K sec-' 
N PH PH PH x 104 PK 


0.0025 
0.0025 
0.0030 
0.0035 
0.0035 
0.0040 


0.0050 


0.0060 


0.0075 


0.010 


10.47 10.23 10.35 1.85 3.73 _. ~- 
10.47 10.23 10.35 1.81 3.74 
10.66 10.37 10.52 3.25 3.49 
10.90 10.63 10.77 3.98 3.40 
10.90 10.63 10.77 3.94 3.40 
10.90 10.70 10.80 5.43 3.27 
10.90 10.70 10.80 5.28 3.28 
11.19 10.92 11.06 9.31 3.03 
11.19 10.92 11.06 9.07 3.04 
11.31 11.04 11.18 11.2 2.95 
1 i .m 11.04 11.18 10.9 2.96 ._ .. 


11.46 11.22 11.34 18.0 2.75 
11.46 11.22 11.34 17.6 2.75 
11.54 11.42 11.48 19.6 2.71 
11.54 11.42 11.48 19.6 2.72 


dium hydroxide is the alkaline medium. The corresponding slope for the 
I solutions in potassium hydroxide is 1.17. When more accurately plotted 
against the average pH during the run (Fig. S), the dependence of the rate 
constant in potassium hydrozide becomes 0.93. Therefore, the overall 
loss rate constant is directly proportional to the hydroxide-ion concen- 
tration in the pH 10.3-11.5 range. The data in Fig. 7 suggest that the 
process is first order with respect to the prostaglandin E concentration 
in the O.l-0.5-mg/ml range. 


DISCUSSION 


Thin-layer chromatograms of extracts from acidic reaction mixtures 
show spots other than those attributable to prostaglandins E, A, and B 
and 15-epiprostaglandin E. This result is particularly true of the most 
acidic mixtures (pH 1.10) a t  the higher reaction temperatures (60 and 
70"). One spot, which appeared just above the 15-epiprostaglandin E on 
the TLC plate, probably represents the 13,15-rearrangement product; 
it never appeared to he more than a few percent of the total material 
present. 


Scans of these solutions in the UV range showed a peak at  283 nm, 
implicating formation of B prostaglandins in acidic media. Occasionally, 
two spots appeared above the A/B prostaglandin spot. One apparently 
was the 15-epiprostaglandin A/B spot; the other was a degradation 
product with a Xma, of -325 nm and was observed in various kinetic 
studies6 (9). This spot may be the 13,15-dehydration product of prosta- 
glandin A containing a highly conjugated trienone system (IX). 


Schematic Model for Reaction Products-With these consider- 
ations in mind, a model illustrating the various pathways involved in the 
total loss of E prostaglandins from aqueous solution may be constructed 
to aid in the interpretation of experimental data. Although this paper 
deals with the total loss of the E prostaglandin by whatever paths exist, 
analogous routes for losses of A and B prostaglandins from acidic solu- 
tions may also he proposed as in Scheme 111. Scheme IV shows the similar 
possibilities in strongly basic media. 


For the prostaglandin E (E),  15-epiprostaglandin E (15E), and 
13,15-rearrangement product (E') compartments (in the case of acid 
solutions), which are assumed isolated from the remaining scheme by 
irreversible reactions, the differential equations for the system, with the 
assumption that all processes are first order, are: 


IX 


(Ey. 3) 


fi T. 0. Oesterling, unpublished observations. 
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Scheme IV 


All k's are, in reality, pseudo-first-order rate constants, containing factors 
accounting for specific hydrogen-ion, water, and buffer catalyses, and 
remain constant in any given experiment. Because of the assumption of 
irreversibility ( k s  and kg), Eqs. 1 and 2 may be solved as a separate system 
by using the Laplace transform method, as recently applied to phar- 
macokinetic systems (14). When assuming that the starting material is 
pure prostaglandin E at  concentration Eo, the total solution is: 


I (k3 + k-5 + kg - a)ewat  (k3 + k-5 t kg - /5')e-@t 
a - P  


+ ~ ( t )  = E ~  [ - a 


(Eq. 4 )  


(Eq. 5) 
k5EO 15E(t) = ~ ( - e -Ut  + e-f l t )  
a - R  


Comparison with Eq. 5 reveals that a - 
and a = k-5 + kg + k 3 .  Therefore, the expression for E(t)  becomes: 


= -K + k--5 + kg t ks, p = K ,  


E(t)  = Eoe-@t (Eq. 10) 
The apparent first-order total disappearance of I or I1 is, therefore, a 


composite of all individual rate constants in the system. The overall rate 
constant will, depending on the amount of epimerization, etc., he greater 
than k l ,  the dehydration rate constant. This result explains why the E, 
values a t  pH 1-2 were greater than those seen previously (9) in the same 
pH region. Furthermore, in a 4' run with I in 0.1 N HC1 (not included in 
Fig. 3 or Table I), a significant portion of the total loss was in the form 
of the 15-epimer. The epimerization rate was, therefore, more comparable 
to the dehydration rate to 111. This could show up as a changed slope on 


where: 
(k1 + k3 + k5 t ka + k.-5 + kg) + d ( k 1  t k3 + kg t ha t k-5 t kg)' - 4(k lk -5  + klkg t k5kg + ksk-5 + kakg + k lk3  + k3k5 + knhs) 


2 
a =  


( k i  t k3 + k5 t ks  + k-5 + kg) - d ( k l  t k~ + kg + ks  + k-5 t k9)' - 4(k lk -5  + klkg t k5kg + ksk-5 + kskg + k lk3  + k3k5 + k3ka) 
R =  


In all cases, the data for the total disappearance of E from solution 


E(t)  = Eoe-Kt (Eq. 8) 


suggested that: 


where K is some composite of the individual rate constants. If this as- 
sumption is made, solution of Eq. 2 gives the hiexponential expres- 
sion: 


1 (Eq. 9) 15E(t) = k5Eo [ e - K t  - e - ( h - g t h g t k 3 ) t  


- K +  k-5 + kg t k3 


2 
(Eq. 7) 


the log K uersus 11T plot, particularly if the activation energy for epi- 
merization is significantly less than that for dehydration. In the extreme 
case, where the dehydration is negligible compared to epimerization, the 
E prostaglandin would form an equilibrium mixture with its 15-epimer. 
At pH 3, however, the amount of epimer and 13,15-rearrangement 
product appeared to be negligible, e.g., kg and k s  approached zero. 
Equation 10 then becomes: 


lim E(t)  = Eoe-t /L[(kl  + k3 + k-5 t kg)  
hg,kg '0 


- d ( k l  + k3 + k-5  + kg)' - 4(klk-5 + klkg + k lkn) ]  (Eq. l l a )  


(Eq. l l b )  


The total loss of the E prostaglandin should, therefore, be dependent 
only on k 1 ,  the dehydration rate constant around pH 3. Similar predic- 
tions would apply to strongly alkaline reaction mixtures, with 8-iso- 
prostaglandin E replacing 15-epiprostaglandin E and with ks-kl5 = 0. 
In the present experiments, no more than 5-10% 8-isoprostaglandin E 
was formed under any conditions (Fig. 1). The reaction environment 
necessary to produce enough isomer to show a significant discrepancy 
between kobs and (kdehydratjon = k l )  would produce an overall rate too 
rapid to be measured accurately by the present experimental tech- 
nique. 


Comparisons with thin-layer chromatograms of standard methyl and 
ethyl esters of E prostaglandins showed that negligible esterification 
occurs in the presence of the small amount of alcohol vehicle in which the 
free acid prostaglandin is introduced to the aqueous buffer system. The 
methyl or ethyl ester of an E prostaglandin has a slightly greater Rf than 
the respective 15-epimer. 
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Figure 8-Degradation rate of I in potassium hydroxide solutions as 
a function of the average pH during the individual kinetic run (0.5 
mgim 1). 


Proposed Experimental Testing of Model-A primary requisite 
for testing the model depicted in Schemes I11 and IV is the development 
of a rapid, sensitive assay to measure the amounts of the various minor 
degradation products as a function of time. Recent work in high-per- 
formance liquid chromatography (HPLC) of prostaglandins (15, 16) 
closely related in structure revealed a promising technique for analysis 
of minor prostaglandin components in solution, provided appropriate 
standards are available. Given a workable HPLC assay, key experiments 
with E prostaglandins may be run to measure simultaneously the indi- 
vidual reaction products in the scheme on both relative and absolute 
bases. 


Furthermore, if one can assume independence of the various reactions 
(e.g., 15-epimerization and dehydration), the degradation of prosta- 
glandins, in which one or more of these reactions is blocked through lack 
of a necessary group, may be studied. For example, the 15-0x0 derivative 
of I (X), a primary metabolite (17-19), could not epimerize at C-15 or 
rearrange at C-13-C-15; therefore, pure dehydration rate constants could 
be obtained. Prostaglandin F1, or dinoprost7 (XI) has hydroxyl groups 
at C-9 and C-11, obviating consideration of the dehydration rate which 
is so rapid in E prostaglandins as to hamper measurement of the other 
slower, but probably more comparable, reaction rates. 


Of particular interest is the epimerization equilibrium described by 
the relative values of k s  and k-5, which become appreciable only at  very 
low pH values. Studies with XI and its 15-epimer could, therefore, lead 
to reasonable estimates of values of k5, k-5,  and, possibly, ks and ks. 
Values of all derived rate constants could then be inserted appropriately 
in Eq. 10 for the E prostaglandin, and the calculated value of K ,  the 
overall rate constant, could be compared to the observed value. 


If the model is found to be seriously in error, changes in Scheme 111 
would be necessary. For example, if formation of the 13J5-rearrangement 
product proved to be an equilibrium process, additional rate constants 
would be required. The modified forms of Eqs. 1-3 would then be resolved 
as a unit. 


One criticism of the present model is that it does not assign formation 


7 Code designation prostaglandin Fza. 
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mechanisms for the various products, as did Thompson et al. (10). The 
problem is the consideration of more than one reaction and product. The 
rationale for avoiding the detailed consideration of reaction mechanisms 
here is that specific acid (H+) and base (OH-) catalyses are probably 
responsible for virtually all reactions observed at these extremes of pH. 
In acidic solutions, the relative contributions of the different possible 
mechanisms change appreciably only when the pH rises to -3, leading 
to a different product balance and apparent energy of activation. The 
same situation holds true for low temperature studies (e.g., 4’ at pH 
1.1). 
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RE S EA R C H A R TIC L ES 


Design and Evaluation of an Automated System for 
In Vitro Dissolution Testing Utilizing a High-pressure 
Liquid Chromatographic Multiport Switching Valve 


JOHN S. KENTX, PAUL P. WONG, and G .  P. HEGDE 


Abstract 0 An automated system for the simultaneous dissolution 
testing of six samples was developed consisting of four basic units: dis- 
solution vessels and stirring unit, a peristaltic pump, a rotary stream 
multiport switching valve and programmer, and a UV spectrophotometer 
with recorder. Among the major advantages of such a system are: (a) 
paddle or basket stirring with variable speed is used, ( b )  the tablet or 
capsule (wire coil required) locates reproducibly at  the bottom of a 
round-bottom reaction flask when utilizing paddle-type stirring, ( c )  a 
USP basket for tablet or capsule dissolution testing can be used, ( d )  
continuous or intermittent sampling is possible, ( e )  the flow system 
readily adapts to UV-visible detector or fluorescence spectroscopy, ( f )  
the system readily adapts to automated determination of the intrinsic 


____ 


Dissolution rate testing is an important aspect (1,2) of 
dosage form development. It can provide a means for the 
prediction of drug bioavailability. It is an important test 
during the optimization of a tablet or capsule formulation 
as well as a control test on the final product. Numerous 
dissolution rate testing methods have been employed, all 
having the following essential features: a dissolution con- 
tainer, a device for agitating the dissolution fluid, a method 
for sampling or transporting the dissolution fluid, and an 
analytical technique for measuring the dissolved drug. 


To make the procedure more efficient, multiple disso- 
lution systems with automated sampling and analysis have 
been designed and tested (3-13). The systems differ in the 
type of dissolution vessel and stirring used but generally 
employ one of two sampling designs. Most systems (3-5, 
8-13) use a pumping arrangement that causes flow from 
the dissolution vessel to a spectrometer and back to the 


dissolution of a material, and (g) the cost is low because of the multiport 
switching valve and inexpensive UV monitor required. Studies were 
performed using this apparatus to demonstrate the response character- 
istics of the system, its reproducibility, potential problems, and pre- 
cautions required. This dissolution system was used to determine the 
dissolution characteristics of a new steroid tablet formulation, including 
a formulation and lot demonstrated to be bioavailable. 


Keyphrases 0 Dissolution testing-six samples simultaneously, auto- 
mated system designed and evaluated Automated systems-dissolu- 
tion testing of six samples simultaneously, system designed and evalu- 
ated 


dissolution vessel. With multiple dissolution vessels, the 
spectrometer must be capable of switching cells a t  pre- 
programmed intervals to accommodate the multiple 
samples. Alternatively, the switching of cells a t  the spec- 
trometer can be replaced by a stream switching valve. One 
commercially available system (7) utilizes this technique, 
and another application of this configuration was reported 
recently (6). 


The objective of this research was to determine if a 
satisfactory and economical dissolution system could be 
constructed using a standard dissolution vessel and stirring 
apparatus in conjunction with a peristaltic pump, high- 
pressure liquid chromatographic (HPLC) multiport 
stream switching valve, and UV spectrometer. This report 
discusses the construction and testing of such a system and 
its application to tablet and capsule dissolution testing; 
the advantages and disadvantages are described. 
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Figure 1-Schematic diagram uf automated dissolution apparatus. Key: T ,  thermostat; and F ,  sintered-glass or Millipore filter. 


EXPERIMENTAL 


Automated Dissolution System-The automated dissolution system 
is shown in Fig. 1, and the instruments used are described as follows. 


Multiple-Spindle Stirring Drive with Variable Speed Drive Con- 
trol '-This unit has the capacity for six dissolution vessels. The stirring 
can be accomplished by paddles or L-shaped stirrers (14) or the USP 
basket. This assortment allows the versatiIity for performing tablet or 
capsule dissolution testing as well as intrinsic dissolution rate determi- 
nation. 


Dissolution Vessel-A closeup of the dissolution vessel, a 1-liter 
round-bottom reaction kettle2, is shown in Fig. 2. This particular stirring 
propeller? is polyethylene. Figure 3 pictures the two types of sampling 
devices used. The filter device consists of an 18-gauge needle4 (i) joined 
to a connector4 (ii), which is connected to a filter holder5 (iii). The re- 
maining adaptor4 (iv) connects the filter to the tubing. 


The second type of sampling device (Fig. 3 b )  was a modified sin- 
tered-glass filter. The cup of a sintered-glass filter6 was cut off a t  the glass 
frit. The stem was then replaced with a capillary tube (0.8 mm i.d. X 4.1 
mm 0.d.; 14-cm length), with 1.5 cm of the end ground to a smaller di- 
ameter (approximately 3.0 mm) to accept the silicone rubber tubing. The 
filter holder sampling device requires filter replacement after each use, 
and the sintered-glass filter requires cleaning between samples. Under 
these conditions, no filter clogging was observed with the formulations 
and products tested. 


The sintered-glass filter has been acceptable for tablets and capsules 
other than the cloprednol tablets and capsules tested, including certain 
commercially available prednisone and prednisolone tablets and capsules 
and tablets of three new nonhormonal anti-inflammatory drugs. The 
acceptability of either filter depends on the tablet or capsule formulation 
undergoing dissolution testing. 


Pump-A peristaltic tubing pump7 with six pump heads was used. The 
tubing between the dissolution vessel and the valve was silicone rubber 
(0.8 mm id.; 4.13 mm 0.d.). The connection of this tubing to the switching 
valve was accomplished as indicated in Fig. 4. 


Two sizes of polytef tubing were used to make the connector. The one8 
that formed the sleeve was 1.5 mm i.d. X 3.0 mm 0.d.; the otherR was 0.8 
mm i.d. X 1.5 mm o.d. The return tubing from the valve to the dissolution 
vessel was also polyter, 0.8 mm i.d. X 1.5 mm o.d., as was the tubing 
connection between the switching valve and the UV flowcell. 


Six-Channel Stream Selection Value for HPLC and Sequential Valve 
Programmer-The stream selection valvelo is designed for the selection 


Model 72R115, Hanson Research Corp., Northridge, CA 91324. 
Kimax 33700.S1, Owens-Illinois, Toledo, OH 43666. 


3 No. S-76680, Sargent-Welch, Anaheim, CA 92803. 
4 Needle 1293 (T462 LNR). connector 3114 (MLL/MLL), and adaptor 3084 (L 


1609), Becton-Dickinson & Co., Rutherford, N J  07070. 
5 Swinnex (13 mm), Millipore Corp., Bedford, MA 01730. 
6 Kimble 28400, Scientific Products, Menlo Park, CA 94025. 
7 Variable speed Masterflex 7545-13 with pump heads No. 7013 and tubing 


8 Sleeve tubing No. 200-32, inner tubing No. 200-31, and Biochemical UV 
6411-41, Cole-Parmer, Chicago, IL 60648. 


monitor model 150. Altex Scientific. Inc.. Berkelev. CA 94710. 
9 No. 3114-030, Clenco Scientific Inc.; Houston, TX 77007. 


lo Valve ASF-6-HPa-HC and programmer VSP-216R, Valco Instruments Co., 
Houston, TX 77024. 


of one stream to send to the analyzer (UV monitor in this case) and for 
the continuous return of all other streams. The valve is of rotary design 
and advances via an air solenoid. The valve is controlled by a special 
programmer10 that allows the switching between streams to occur a t  a 
preset time interval. The available intervals are 0-99 sec and 0-9.9 and 
0-99 min. 


UV Monitor and Recorder-The UV monitor8 monitors the effluent 
from the HPLC column. The unit allows multiple-frequency monitoring 
by use of interchangeable filters. The absorbance ranges from 0.05 to 2.0 
absorbance units full scale. The instrument utilizes a I-cm 100-fi1 bub- 
ble-free flowcell. Other cells with shorter path lengths also are avail- 
able. 


The absorbance readings were recorded on a 25.4-cm laboratory chart 
recorderI1. 


Volume in Tubing System and  Lag Time-The tubing sections of 
the dissolution systems were designed to contain a small volume. This 
volume allows the utilization of the small bore switching valve and pre- 
vents a large dissolution fluid loss after i t  passes through the detector. 
This procedure generally does not require concentration corrections for 
the small volume loss from the dissolution vessel. The pump speed of 50 
rpm delivers 2.4 ml/min, which is 80% of the theoretical rate for that size 
pump head. The difference can be assigned to the flow resistances in the 
system. 


With a total volume in the system from the vessel to the detector (filter 
stick configuration design) of only 0.90 ml, there is a lag time of ap- 
proximately 0.375 min between the vessel and the detector. The observed 
lag time from the switching valve to the detector is 0.09 min, which 
compares favorably with that calculated for a volume of 0.2 ml and a flow 
rate of 2.4 ml/min. Additional time is required for the true absorbance 
level to be reached because of the mixing that occurs as the fluid flows 
through the tubing and flowcell. The minimum switching interval that  
can then be used is 1 min. The time values reported here are not corrected 
for the instrument lag time. 


Intrinsic Dissolution Studies-The intrinsic dissolution studies were 
performed using a static disk, a variation of that described previously (15, 
16). The die was constructed of stainless steel (diameter 3.81 cm, thick- 
ness 0.953 cm, and diameter of hole 1.27 cm). Cloprednol12 (6-chloro- 
1 liJ,17tu,21-trihydroxypregna-1,4,6-triene-3,20-dione) was compressed 
in the die using a hydraulic press'" a t  1134 kg. The pure steroid tablet 
was positioned a t  the die surface, and the unit was placed a t  the bottom 
of the dissolution vessel. The polyethylene propeller was positioned 2.5 
cm above the bottom of the vessel and revolved a t  100 rpm; 0.5 liter of 
deaerated, distilled water was used. 


Tablet  Dissolution Studies-Tablet dissolution studies were per- 
formed using deaerated, distilled water. The polyethylene propeller was 
used as described previously, or the USP basket (40 mesh) was located 
2.5 cm from the bottom of the dissolution flask. With the propeller stirrer, 
the tablet was added to the dissolution vessel and then descended to the 
bottom of the vessel. 


The polyethylene propeller stirrer was used because: (a)  it provided 
equivalent or  better mixing characteristics than other commercially 


Model 261, Linear Instruments Corp., Irvine, CA 92705. 
Syntex Corp., Palo Alto, CA 94304. 


l 3  Fred S.  Carver Co., Summit, N.d. 
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Figure %-Dissolution vessel as set for tablet dissolution. 


available stirrers, (b) it was in a fixed position on the shaft so it was not 
subject to a shift in position, (c) it was essentially unbreakable, and ( d )  
it was readily available commercially. 


RESULTS AND DISCUSSION 


Intrinsic Dissolution as a Test for  System Reproducibility-A 
measure of the reproducibility of the dissolution system was determined 
by comparing the intrinsic dissolution rate of cloprednol. Three of the 
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silicone rubber tubing 


>Teflon tubing 


v 
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Figure 4-Diagram of silicone tubing connection to  inlet ofswitching 
value. 


six dissolution vessels were randomly chosen to be representative of the 
dissolution system; the results from these determinations are given in 
Table I. T o  determine if the dissolution rate (slope) of each run was 
equivalent, the Student t test (17) was performed on each pair of results. 
From the calculated values (Table I), the dissolution rates were equivalent 
a t  the 95% level of significance. 


Effect of Stirr ing Ra te  on Cloprednol Tablet  Dissolution-The 
described tablet dissolution apparatus was used employing a polyethylene 
stirrer and sintered-glass filter. The effect of stirring on cloprednol tablet 
dissolution is demonstrated in Fig. 5. The tahlet batch was representative 
of those produced during the later stages of development. The results 
indicated an increase in dissolution rate with an increase in stirring, as 
expected. Although an increased stirring rate may he used to produce an 
increased dissolution rate, the risk exists that important differences in 
dissolution of tablets of different lots and/or formulation composition 
may he masked. A slow stirring rate, however, may produce a tablet dis- 
solution condition that is too sensitive; i.e., differences in the dissolution 
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T 
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Figure 3-Dissolution sampling devices. Key: a, filter device; and b, filter stick. 


capillary tube 


(4.06mm x 0.79rnm. o d  Y 1.d.) 


sintered-glass filter coarse (4060 urn) 
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Figure 5-Effect of stirring rate on the dissolution rate of2.5-mg clo- 
prednol tablets at a p u m p  speed of50 rpm and 37’. 


rate of tablet lots and/or formulations may be observed that have no 
relevance to in uiuo bioavailability or absorption rate. 


Ideally, a stirring rate should be chosen to correlate with bioavailability. 
The choice of stirring rate was discussed previously (1); short of having 
a bioavailability correlation, the stirring rate should distinguish formu- 
lation differences and correspond to that reported in the pertinent lit- 
erature. The stirring rate of 75 rpm in the studies on cloprednol tablet 
dissolution was chosen in that manner. 


Dissolution Profiles of Representative Cloprednol Tablet  
Batches-The dissolution profiles of four representative batches (S, U, 
T, and W) of cloprednol tablets were determined (Fig. 6). The dissolution 
procedure was described previously. The tablet hardness values of these 
batches (Table 11) were within the hardness specification for cloprednol 
tablets. As shown in Fig. 7, the dissolution profiles and the percent dis- 
solved a t  10 min were very similar. 


Preliminary Examination of Effect of Cloprednol Particle Size 
on Tablet Dissolution-The dissolution results presented thus far have 
been for tablets prepared by a wet granulation process. The particle size 
of cloprednol for Batches S, U, T,  and W was monitored, and most par- 
ticles prior to granulation were 100-250 pm. The dissolution from tablets 
made with clopredncl of this particle size was rapid and complete, as 
discussed previously. I t  was judged important to determine whether a 
reduction in particle size of the cloprednol would further improve its 
dissolution from tablets. 


Accordingly, micronized cloprednol (particle size 5 10 pm) was in- 
corporated into a direct compression tablet formulation. The dissolution 


Table I-Cloprednol Intrinsic Dissolution Results as a Measure 
of the Reoroducibilitv of the Dissolution System 


Absorhance of Runo 
Minutes a b C 


14 0.033 0.032 0.034 
26 0.062 0.059 0.062 
3 8 0.086 0.082 0.084 
50 0.110 0.104 0.106 
62 0.132 0.126 0.128 
74 0.148 0.144 0.144 


Least-sauares calculation for 0.00192 0.00186 0.00183 
slope,’absorhance unit/min 


Calculated ( values: n uersus b = 0.505. b ocr.ws c = 0.313, and a uer,sus c = 
0.679: t o  gb (d/ = 8) = 1.86. 
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Figure 6-In vitro dissolution of four representatiue 2.5-mg cloprednol 
tablet batches [Lots S (01, U (a), T (o), and W ( O ) ]  and one erperi- 
mental batch [Lot Z (.)I. T h e  p u m p  speed was 50 rpm, the propeller 
speed was 7*5 rprn, and the  temperature was 37”. The  automated dis- 
solution apparatus with a coarse sintered-glass filter was used. 


profile of this lot (Z) indicated improved dissolution characteristics (Fig. 
6). Some improvement, besides greater surface area due to micronization, 
may result from: ( a )  softer tablets (Table 11) or ( b )  the difference between 
the direct compression and granulation formulations. These possibilities 
are currently being explored. The importance of the increased tablet 
dissolution rate with the micronized material may be considered limited 
after study of the following results on bioavailability and dissolution. 
In Vitro Dissolution Results from a Tablet  Lot and  Two Capsule 


Lots Used in a Bioavailability Study-The in uitro dissolution of 
tablets may become a meaningful test upon establishing its relationship 
with bioavailability. During cloprednol tablet development, many dis- 
solution profiles were obtained on formulation modifications, tablet 
hardness, etc., some of which have been presented here. T o  provide a 
tablet lot for i n  uiuo bioavailability testing, the following rationale was 
used. 


The tablet formulation had certain ranges for the levels of excipients 
used, which allowed formula changes (within the designated range) during 
scale-up development. If the “poorest” formula was chosen, that being 
the one with excipients adjusted within their ranges to provide a tablet 
with a reduced dissolution rate, a base level could be established for a 
dissolution test, provided it exhibited satisfactory bioavailability. A tablet 
(C) such as this was manufactured and used in a bioavailability study. 
Also included were two capsule lots previously used in clinical studies 
and an oral solution. 


The results of this study were reported previously (18) and indicated 
that the two capsules and tablet were equivalently hioavailable. The i n  
uilro dissolution data obtained for these solid oral dosage forms are 
presented in Fig. 7. The difference between the two capsule formulations 


Table  11-Cloprednol Tablet  Hardness and In Vitro Dissolution 
Data 


Tablet Hardness (Strong-Cobb) Percent Dissolved in 
Batch f S D  10 min f SD 


Z 6.22 f 0.50 100.00 f 0.00 
S 7.57 f 0.83 87.95 f 8.90 
U 9.11 f 0.48 89.08 f 4.30 
T 9.09 f 0.49 89.28 f 4.07 
W 9.62 f 0.68 89.48 f 5.09 
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Figure 7-In vitro dissolution of two 1.25-mg capsule lots [ A  ( 0 )  and 
B (A)] and one 2.50-mg tablet lot [C (O)], all shown to be bioequiualent 
and bioauailable. T h e  p u m p  speed was 50 rpm, the propeller speed was 
75 rpm,  and the  temperature was 3 7 O .  T h e  automated dissolution ap- 
paratus with a coarse sintered-glass filter was used. 
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Figure 8-In vitro dissolution o f  two formulations of cloprednol tablets 
comparing the  USP basket and propeller method. Key: 0, Lot S, USP 
basket method, 50 rpm; 0, Lot S ,  propeller method, 75 rpm; n, Lot C ,  
USP basket method, 50 rpm; and 8,  Lot C,  propeller method, 75 rpm. 
T h e  p u m p  speed was 50 rpm,  and the  temperature was 3 7 O .  T h e  auto- 
mated dissolution apparatus with a coarse sintered-glass filter was 
used. 


was that Tablet B, with the slower dissolution, contained lubricant 
(magnesium stearate) and Tablet A did not. These differences in disso- 
lution were observed as a twofold difference in plasma levels a t  0.25 hr 
in the bioavailability study (18). These differences were not significant 
and disappeared a t  0.5 hr. 


Therefore, for all subsequent tablet batches to be considered com- 
pletely bioavailable, their in uitro dissolution rate must be comparable 
to or better than the i n  uitto dissolution rate of the tablets demonstrated 
to be bioavailable. The major risk of such a requirement is that the in uitro 
dissolution test may be too rigorous, since an in  uitro dissolution profile 
has not been established for a cloprednol tablet that was poorly bioa- 
vailable. 


Comparison to USP Basket Dissolution Procedure -One further 
measure of the discriminatory nature of this in uitro dissolution test is 
to compare it to the USP basket dissolution procedure. The USP requires 
dissolution testing of prednisolone and prednisone tablets, both steroids 
similar in their physical properties to cloprednol. The USP test for these 
two steroids designates a basket rotation of 100 rpm and 60% dissolution 
in 20 min. 


With a rotation of 100 rpm, the cloprednol tablets dissolved extremely 
rapidly; therefore, the results reported (Fig. 8) are at  50 rpm. Even at  this 
rate, the dissolution rates with the USP basket are faster than those 
observed with the propeller method. The cloprednol tablet dissolution 
results under these conditions were more than adequate to pass the USP 
requirements for the steroid tablets of prednisone and prednisolone, 
indicating that the propeller dissolution method has greater sensitivity 
than the USP basket dissolution test for prednisone and prednisolone 
tablets. As discussed previously, this result may indicate that the pro- 
peller dissolution method for cloprednol tablets can distinguish differ- 
ences in tablet batches or formulation changes that are not distinguished 
i n  uiuo. 


This finding points to a particular difficulty in choosing an in uitro 
dissolution procedure that will show dissolution differences corre- 
sponding to differences in uiuo. It is expected that the i n  uitro procedure 
will detect some dissolution differences not detected in uiuo, as was ad- 
equately shown by Sullivan et al. (19). Obviously, a highly sensitive 
dissolution procedure provides a safety margin during the early product 
life of a new drug entity. The dissolution procedure may then be refined 
as more data become available. 
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Iodipamide Kinetics: 
Capacity-Limited Biliary Excretion with Simultaneous 
Pseudo-First -Order Renal Excretion 


SHENG K. LIN *, ALBERT A. MOSS $, and SIDNEY RIEGELMAN *x 


Abstract 0 Iodipamide was infused into three dogs with bile fistulas to 
achieve various steady-state blood levels. When using ultracentrifugation 
techniques, iodipamide was found to be highly bound to plasma protein. 
The total blood clearance was low relative to hepatic blood flow. For either 
the whole blood concentration or the unbound concentration of iodi- 
pamide, the biliary excretion was shown to be capacity limited with a 
transport maximum, T,, of approximately 1.0 pmole/kg/min. The 
steady-state renal excretion rate, plotted against the whole blood con- 
centration of iodipamide, resulted in a concave ascending curve, which 
could lead to the false conclusion that iodipamide was undergoing active 
renal tubular reabsorption. However, when corrected for plasma protein 
binding, a linear relationship was obtained, suggesting that the renal 
excretion of iodipamide is a pseudo-first-order process. The Michaelis- 
Menten parameters for the extrarenal elimination, when calculated using 
the whole blood concentration of iodipamide, led to a similar discrepancy 
compared to the parameter estimates obtained from biliary excretion 
rate data. This discrepancy can be eliminated when one uses the unbound 
concentration of iodipamide in the parameter estimates. 


Keyphrases Iodipamide-capacity-limited excretion kinetics, 
dogs 0 Excretion kinetics, capacity limited-iodipamide in dogs 
0 Pharmacokinetics-excretion of iodipamide in dogs 0 Radiopaque 
media-iodipamide, capacity-limited excretion kinetics, dogs 


~~ ~ 


Iodipamide, 3,3’- (ad ipoyldiimino) bis [ 2,4,6- triiodo- 
benzoic acid], is the most commonly used intravenous 
cholangiographic agent in the United States. Clinically, 
a dose of 166 or 233 mglkg is recommended for intravenous 
administration over 3-10 min or the same dose is admin- 
istered by a slow infusion over 2 hr (1). Nausea, vomiting, 
hypotension, and occasional kidney damage have been 
reported with these administration methods. Conflicting 
opinions exist concerning the appropriate dose and ad- 
ministration route of iodipamide to produce maximal ra- 
diological opacification of the biliary tree (1-3) with neg- 
ligible side effects. 


Following intravenous administration, iodipamide is 
taken up by the liver and excreted unchanged into the bile. 
Biliary excretion was demonstrated to be capacity limited 
with a transport maximum, T, (4 ,5) .  Therefore, plasma 
levels in excess of those necessary to saturate the biliary 
excretion offer little or no advantages in opacification of 
the biliary tree. Increased doses lead to increased drug 
concentrations in other body organs and add stress on the 
kidney excretory process. Iodipamide exists in the blood 
as the unchanged drug and is excreted unchanged in the 


urine. The percentage of the dose excreted in the urine 
increases with an increasing dose (6). Therefore, iodi- 
pamide offers a good opportunity to investigate the ca- 
pacity-limited hepatic uptake or biliary excretion in the 
presence of renal excretion. 


A steady-state approach was utilized in the phar- 
macokinetic studies of iodipamide in dogs to gain a better 
understanding of the capacity-limited hepatic elimination 
with simultaneous renal excretion. It is hoped that through 
this understanding, an optimal dosage and route of ad- 
ministration can be developed to provide maximal visu- 
alization of the biliary tree and the least toxic effects. 


THEORETICAL 


When a drug is infused into the animal for a sufficiently long time to 
establish steady-state blood concentration, the elimination rate by all 
routes should equal the infusion rate. For a drug such as iodipamide, 
which is eliminated by the kidney and other organs, the elimination rate 
from the blood is the sum of renal excretion and extrarenal elimination. 
Therefore, if the renal excretion rate a t  steady state is determined, the 
difference between the infusion rate and the steady-state renal excretion 
should equal the extrarenal elimination rate; ie.: 


(Eq. 1) 


where Ro is the zero-order infusion rate, R’ is the steady-state extrarenal 
elimination rate, and dAu/d t  is the steady-state renal excretion rate. 


If one assumes that the extrarenal elimination is capacity limited, it 
can be described by the Michaelis-Menten equation: 


(Eq. 2) 


where V,,, is the maximal rate of extrarenal elimination and K ,  is the 
apparent Michaelis-Menten constant. For a drug that has high blood 
clearance, C,, will be the whole blood concentration a t  a steady state; for 
a drug with low clearance, C,, should be referred to the unbound con- 
centration. If the unbound drug concentration shows a constant pro- 
portionality to the whole blood concentration, the use of the steady-state 
whole blood concentration should theoretically yield the same value of 
V,,, and an apparent value of K ,  as when the unbound concentration is 
used. However, this is not the case with iodipamide, which has a relatively 
low clearance, probably because the unbound fraction varies with con- 
centration. 


The term V ,  is used to denote the maximal rate of capacity-limited 
extrarenal elimination, as defined in Eq. 2, and T, is used to denote the 
maximal rate of capacity-limited biliary excretion since i t  is not known 
whether these two referred to  the same or different capacity-limited 
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away in the laboratories of pharmaceutical scientists. Each drug profile 
provides useful information and data in the following general areas: de- 
scription, physical properties, synthesis, stability and degradation, me- 
tabolism, analysis (for the drug substance, in its dosage forms, and in 
biological fluids), pharmacokinetics, and literature references. Physical 
properties include IR, NMR, UV, and mass spectral data, melting point, 
solubility data, crystal properties, and pK values where applicable. An- 
alytical methods encompass titrimetry, chromatography, colorimetry, 
spectrophotometry, elemental analysis, and related techniques. 


Each profile is presented in a well-organized and systematic manner. 
Each is introduced by a table of contents, followed in an orderly sequence 
by individual categories of specifications, and concluded by an extensive 
listing of quoted references. This compendium is printed clearly and is 
replete with tables and graphical presentations. Data are readily located 
and concisely presented with only a minimum of descriptive information. 
Maximum utilization is made of the available space. 


This volume brings to a total of 97 the number of drugs for which 
profiles have thus far been prepared, including the 18 in Volume 5. These 
volumes serve well as companion books to the official compendia by 
presenting a wealth of data that supplement and are not duplicative of 
material found in the compendia. As noted in the Forward to Volume 1 
of this series, the delegates to the 1970 meeting of the United States 
Pharmacopeial Convention adopted a resolution that consideration be 
given to the publication of just such a companion compendium. While 
the USPC did not undertake this project, it is worthy of note that a 
number of contributors to this series, including its esteemed editor, are, 
in fact, members of the USP Committee of Revision. 


In view of the fact that  fewer than 100 drug profiles have appeared in 
the first five volumes of this series, and with the mandate for USP XX 
to include all drugs currently official in USP XIX and NF XIV, all drugs 
added in their annual supplements, some 600 nonofficial drugs selected 
by the outgoing Subcommittee on Scope of the USP a t  its final meeting 
in January 1975, and new drugs marketed since that date, it is obvious 
that pharmaceutical scientists have their work cut out for them. It is 
worth repeating here the editor’s invitation that: “All those who have 
found the profiles useful are earnestly requested to contribute a mono- 
graph of their own. The editors stand ready to receive such contribu- 
tions.” Hopefully, there will be an overwhelming response to this invi- 
tation. 


This burgeoning library of “Analytical Profiles” is a must for all who 
are engaged in pharmaceutical research. 


. 


Reuiewed by Martin I. Blake 
College of Pharmacy 
University of Illinois 
Chicago, I L  60612 


Aromatic and Heteroaromatic Chemistry. Vol. 4. A Specialist Pe- 
riodical Report. Edited by C. w. BIRD, G. w. H. CHEESEMAN, 
et al. The Chemical Society, Burlington House, London W1V OBN, 
England, 1976. 513 pp. 14.5 X 22.5 cm. Price f28.00. 
This volume comprises an in-depth review of the literature abstracted 


between July 1974 and June 1975 and covered by volumes 81 and 82 of 
“Chemical Abstracts.” The organization of the report follows the es- 
tablished pattern of previous volumes. 


There are 14 chapters written by 15 international scientists who are 
specialists in their fields. Most of the chapters include an introduction 
indicating the parameters established by the author(s) and the reviews 
on the subject published during the time period. A particularly helpful 
feature is that all literature citations are included as footnotes on the page 
that contains the abstract, thus eliminating the time consuming and 
thought-interrupting process of turning to the end of the chapter when 
a specific reference is desired. Another helpful feature is a complete au- 
thor index. 


The chapter titles include: Ring Systems of Topical Interest, Inter- 
molecular and Intramolecular Cyclization Reactions in Ring Synthesis, 
Cycloaddition Reactions, Ring Transformations, Electrophilic Substi- 
tution on Carbon, Electrophilic Substitution on Heteroatoms, Nucleo- 
philic Substitution, Aromatic Substitution by Free Radicals, Carbenes 
and Nitrenes, Addition Reactions, Ring Cleavage Reactions, Reactions 
of Substituents, Porphyrins and Related Compounds, Naturally Oc- 
curring Oxygen-ring Compounds, and Other Naturally Occurring Com- 
pounds. The volume comprises 513 pages and includes 2750 literature 
citations. 


The book is well illustrated with many chemical structures and reaction 
mechanisms. These illustrations are numbered sequentially and placed 
in close proximity to their text reference, thus affording a free flowing 
continuity which contributes to the overall excellent readability of the 
material. 


This treatise is an extremely well-organized and readable volume and 
should serve to stimulate fresh approaches in the ever more sophisticated 
areas of aromatic and heteroaromatic synthetic chemistry. I t  is recom- 
mended to all chemists who are actively involved in synthetic organic 
chemistry or who wish to be up to date and informed about research ac- 
tivity in aromatic and heteroaromatic chemistry. 


Reviewed by Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, MA 02115 


Handbook of Analysis of Organic Solvents. By VACLAV SEDIVEC 
and JAN FLEK. Halsted, 605 Third Ave., New York, NY 10016,1976. 
455 pp. 16 X 23.5 cm. Price $42.50. 
Within this volume the authors have compiled an extensive aggregate 


of information concerning the chemical and physical properties and the 
analysis of organic solvents. Following a brief discussion of sampling and 
drying techniques, procedures are described for the determination of the 
physical properties and quantitative identification of unknown samples. 
After a presentation of methods for the analysis of two- and three-com- 
ponent mixtures by physicochemical methods, the basics of GC are de- 
scribed using a general procedure. Relative retention times are given for 
many common solvents using six different stationary phases. 


The second part of the book deals with solvents as individual classes 
of organic compounds. The most frequently encountered solvents are 
described in depth, listing synonyms, chemical properties, usual im- 
purities, and azeotropes. Tables containing extensive physical data are 
included. Detection methods, derivatives, and quantitative procedures 
are described in detail with corresponding literature references. Three 
appendixes covering 80 pages include a listing of the boiling points of 
solvents and their azeotropic mixtures, the major physical properties, 
and an alphabetical listing of universally used trade names. 


This handbook represents a valuable accumulation of a myriad of facts 
and procedures which will be of use to the analyst, the chromatographer, 
and the synthetic organic chemist, all of whom frequently require data 
or techniques to utilize or analyze organic solvents. 


Reviewed by Allen L. Jacobs 
Pharmacy and Analytical Research De- 


partment 
Sandoz, Inc. 
East Hanouer, NJ 07936 


The National Formulary and t.he USP  Guide to Select Drugs. Edited 
by W. M. HELLER, G .  K. WURSTER, C. A. DICKIE, and J. W. 
WHEATLEY. U S .  Pharmacopeial Convention, 12601 Twinbrook 
Parkway, Rockville, MD 20852, 1976. 295 pp. 10 X 14.5 cm. Price 
$3.00. 
This convenient pocket-size book is intended to be a companion to the 


official compendia and the USAN Dictionary and is the first compilation 
of its kind subsequent to the consolidation of the USP and NF. Its pur- 
pose is “to highlight those drugs that should receive attention and be used 
as preferred drugs.” 


The book contains an alphabetical list of both generic and brand names 
of effective and useful drugs, with the preferred drugs in boldface type. 
The entries also contain dosage forms and strength; indication of whether 
prescription, nonprescription, or DEA controlled; and the pharmaco- 
logical classification. In addition, there is a cross-index by therapeutic 
classification. 


This book should be useful as a personal prescribing and dispensing 
guide and as a basic list of preferred drugs for health facilities and various 
organizations. 


Staff Reuiew 
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Everted Rat Intestinal Sacs as an In Vitro Model for 
Assessing Absorptivity of New Drugs 


Z. T. CHOWHANx and A. A. AMARO 


Abstract 0 An in uitro model that utilizes everted rat intestinal sacs was 
evaluated for assessing the absorptivity of several analogs of potential 
drug substances prior to formulation work and clinical trials. This model 
not only is a useful qualitative tool for assessing absorptivity of struc- 
turally related compounds but also yields some insight into the process 
involved in drug absorption. Notwithstanding the complexities involved 
in the absorption processes, the data support the hypothesis that the 
absorption of organic electrolytes mainly takes place by the partitioning 
of the unionized species into the lipoidal membranes and then diffu- 
sion. 


Keyphraeee 0 Absorptivity, GI-assessed for analogs of potential drug 
substances using everted rat intestinal sacs GI absorptivity-assessed 
for analogs of potential drug substances using everted rat intestinal sacs 


Models, absorption-everted rat intestinal sacs, GI absorptivity as- 
sessed for analogs of potential drug substances 


In the development of dosage forms and dosage regi- 
mens for new drug entities prior to formulation work and 
clinical trials, it is important to evaluate the absorptivity 
of several analogs of the potential drug substances. For this 
assessment, several simple, relatively rapid, inexpensive, 
and reproducible screening methods have been used. Since 
the drug must dissolve and then permeate through GI 
membranes, both these parameters should be evaluated. 


BACKGROUND 


For permeability studies, an in uitro procedure (1) utilizing everted rat 
intestinal sacs was valuable (2) in predicting the permeability charac- 
teristics of various drug classes. An interesting application of this tech- 
nique was the study of dosage form variables and the effects of excipients 
and additives on drug permeation (3-5). This model was used to study 
the effect of complex formation on drug absorption (6). The effects of 
physiological (7) and nonphysiological(8) surfactants on drug transport 
also were investigated using this in uitro model. With this same method, 
the existence of several drug metabolizing enzyme systems in the intes- 
tine, which play an important role in drug absorption, was established 
(9-12). The transfer of salicylic acid across everted rat intestinal sacs was 
decreased by the presence of potassium and several electrolytes and 
sugars, such as glucose (13,14). 


The everted rat intestinal sac method has been used for the mechanistic 
understanding of absorption. The introduction of the pH-partition hy- 
pothesis (15-19) stimulated interest in the mechanism of drug absorption. 
Several studies considered the question of active and passive transport 
(6,20-22). The interrelationships among the drug absorption rate, the 
dissociation constant (pKa), and the absorption site pH is known as the 
pH-partition hypothesis (15). This hypothesis states that the passage 
of drugs across the GI barrier is restricted to the undissociated drug form; 
therefore, the absorption rate depends on the proportion of drug present 
in this form. In other words, the absorption rate depends not only on the 
lipid solubility of the drug but on its degree of ionization; the latter, in 
turn, is a function of the pKa and pH of the absorbing surface. 


The validity of the pH-partition hypothesis was tested using the 
everted rat intestinal sac method. The absorption of flufenamic acid 
through the everted rat intestine (21) was in agreement with the pH- 
partition hypothesis. Partial agreement with the pH-partition hypothesis 
was reported in studies using barbituric acid derivatives and the in situ 
rat small intestine (23). With the pH higher than the pKa, absorption 
was decreased according to the fraction of unionized form computed from 
the pKa, indicating that the unionized form was preferentially absorbed. 
But, a t  the acidic range, where no significant difference is considered in 
the fraction of the unionized moiety, the absorption rate of all derivatives 


studied decreased gradually with the decrease in the perfusion fluid 


In uitro and in situ absorption experiments using nalidixic acid (24) 
supported the pH-partition hypothesis; nalidixic acid was absorbed more 
slowly at  a pH yielding a low partition coefficient where the drug was 
ionized considerably. Phenylbutazone permeation through the everted 
rat intestine did not obey the pH-partition hypothesis. The noncom- 
pliance with the pH-partition theory was described in terms of the gen- 
eral theory of pH effects (25). 


This investigation analyzed the usefulness and limitations of the 
everted rat intestinal sac method as a model for the assessment of ab- 
sorptivity of new drug analogs. Several complicating factors such as 
metabolism before and during absorption, accumulation in the intestinal 
membranes, and the influence of the pH of the perfusing solution on drug 
permeation, metabolism, and accumulation were considered. The results 
indicate that this model is a useful qualitative tool for the assessment of 
absorptivity across GI membranes during early phases of the drug de- 
velopment program. 


EXPERIMENTAL 


PH. 


Materials-The following compounds were used as tracers containing 
tritium: sodium 7-methylsulfinyl-2-xanthonecarboxylate (I), sodium 
7-methylthio-2-xanthonecarboxylate (11), sodium 7-isopropoxy-2-xan- 
thonecarboxylate (III), 5-isopropoxy-7-methylthio-2-xanthonecarboxylic 
acid (IV), methyl 5-isopropoxy-7-methylthio-2-xanthonecarboxylate (V), 
and d-2-(6’-methoxy-2’-naphthyl)propionic acid (VI). The radiochemical 
purity of these compounds was at  least 95% and the chemical purity was 
99%. 


Sodium chloride’, potassium chloride’, calcium chloride2, anhydrous 
dextrose1, anhydrous dibasic sodium phosphate3, monobasic sodium 
phosphate3, citric acid3, acetic acid4, and sodium acetate’ were analytical 
reagent grade. 1,4-BisI2-(4-methyl-5-phenyloxazolyl)]benzene5, 2,5- 
diphenyloxazole5, naphthalene’, 2,6-bis(tert-butyl)-4-methylpheno16, 
reagent grade methanol, epectrograde dioxane3, and scintillation grade 
toluene2 were used in the scintillation cocktail. 


Everted Intestinal Sac Preparation-Young male Sprague-Dawley 
rats7, 200 f 35 g, were used. Food was removed 18 hr prior to use, but 
water was allowed ad libitum. When the rats were sacrificed, the large 
and small intestines were immediately removed uia a midline incision 
of the abdomen and placed in a normal saline solution. Any one of the 
four intestinal sections was examined from each rat. 


For each section, 9-cm segments were cut, sleeved onto a glass rod, 
everted, and washed in normal saline. The segment was attached at the 
proximal end of the hose adapter with a silk thread (OOO), trimmed to 7.5 
cm, and ligated at  the distal end so that 6.5 cm of the everted sac would 
be exposed to the mucosal solution. An 8-g stainless steel weight was at- 
tached to the ligated end of the sac to maintain it in a vertical position 
during the experiment. 


Permeation Studies-The permeation apparatus (Fig. 1) was a 
modification of an apparatus described previously (2). It consisted of a 
50-ml culture tube with a plastic cap. The tube, containing 40 ml of the 
buffer solution with the drug, was maintained at 37 f 1’ in a constant- 
temperature water bath. A mixture of oxygen-carbon dioxide (955) was 
bubbled continuously through an 18-gauge blunt needle. At zero time, 
the everted sac and assembly were placed in the culture tube. 


The serosal side of the sac was filled with the same buffer solution 
(approximately 2 ml) without the drug, with a fluid level always visible 
in the vinyl polymer tubings. A t  10-min intervals, the solution from the 


J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 
2 Mallinckrodt Chemical Works, St. Louis, MO 63147. 
3 Matheson, Coleman &Bell, Norwood, OH 45212. 


E. I. du Pont de Nemours & Co., Wilmington, Del. 
Arapahoe Chemical, Boulder, Colo. 


6 Aldrich Chemical Co., Milwaukee, WI 53210. 
Simonsen Laboratories, Gilroy, CA 95020. 


8 Tygon. 
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Figure 1-Schematic representation of the permeation apparatus used 
in everted rat intestinal sac studies. 


intestinal sac was withdrawn using a hypodermic syringe attached to a 
long 15-gauge needle. The serosal side of the sac was rinsed by adding 1 
ml of fresh buffer solution. 


The sample from the serosal side and the rinse were combined. The 
mucosal side was sampled using a 50-pl disposable pipet. The samples 
were assayed for radioactivity using a liquid scintillation counterg. The 
composition of the scintillation cocktail was 1 liter of toluene, 1 liter of 
dioxane, 600 ml of methanol, 208 g of naphthalene, 13 g of 2,5-diphe- 
nyloxazole, 260 mg of 1,4-bis[2-(4-methyl-5-phenyloxazolyl)]benzene, 
and 250 mg of 2,6-bis(tert-butyl)-4-methylphenol. 


Drug Solutions-The drug solutions were made in 0.008 M phosphate 
(pH 8,7, and 6), citrate-phosphate (pH 5), or acetate (pH 3) buffer. The 
buffer solution also contained 0.134 M NaCl, 0.011 M KCI, 0.0001 M 
CaC12, and 0.02 M glucose. The concentration of drug varied depending 
on the experiment. 


TLC-Precoated silica gel F-254 plates1° were utilized with a devel- 
oping solvent system of 80 ml of ethyl acetate2, 80 ml of hexane2, 20 ml 
of methanol3, and 4 ml of acetic acid’. This system allowed distinct sep- 
aration of I (Rf 0.302) from I1 (Rf 0.671). Aliquots of 50 pl of both the 
serosal and mucosal solutions were spotted along with the standards of 
I and 11. Following development, the plates were scraped and the samples 
were assayed for radioactivity. 


RESULTS AND DISCUSSION 


Plots of the cumulative amount of I transported from the mucosal to 
the serosal side of the everted rat intestinal sacs prepared from duodenum 
and jejunum versus time are given in Fig. 2. After the initial lag time, 
these plots were linear, indicating that the transport of drug to the serosal 
side followed zero-order kinetics. This plotting procedure has been widely 
used (2-7, 13, 26, 27). The rate of drug transport or drug clearance is 
calculated from the slope of the linear portion. The lag time is determined 
by extrapolation of the linear segment to the abscissa. 


The flux at  steady state and the lag time for I obtained in this fashion 
are summarized in Table I. These data indicate that in spite of the ana- 
tomical and physiological differences in various parts of intestine, the 
flux is similar. However, the lag time showed a decrease in the order du- 
odenum > jejunum > ileum > colon. A similar flux of I through various 
parts of the everted rat intestine is in agreement with the absorption of 
salicylic acid and aniline in the upper, middle, and lower one-third of the 
in situ rat small intestine (17). 


Nuclear Chicago, Des Plaines, 1L 60018. 
lo Brinkmann. 
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Table I-Steady-State Flux and Lag Time Determined from the 
la Vitro TransDort of I across Everted Rat  Gut Segments 


Flux, Mean Flux, Lag Time, Mean Lag 
Segment pg/min pglmin min Time, min 


Duodenum 0.075 0.074 13 12.7 
0.073 12.5 
0.073 12.5 


Jejunum 0.076 0.079 14 
0.072 9 
0.079 8 


10.5 


0.090 11 
Ileum 0.082 0.078 3 5.7 ~~ 


0.080 7 
0.071 7 


Colon 0.103 0.088 1 5 
0.082 5 
0.079 9 


To determine if the xanthone analogs might be absorbed by specific 
processes, the transport of I and I1 was measured at  various concentra- 
tions. The flux versus initial concentration plots were linear over a wide 
concentration range (Fig. 3). This failure to find evidence of saturation 
suggests that the xanthone analogs are absorbed by a passive process. 


The comparison of the flux data for five analogs of xanthone (I-V) is 
given in Table 11. Because of the low solubility of V in buffer, the flux was 
extrapolated to the same initial concentration (10 mg/ml) for comparison. 
In view of the linear relationship between the flux of I and I1 and the 
initial concentration on the mucosal side, the extrapolation appeared 
reasonable. From the flux data given in Table 11, qualitative judgment 
about the absorptivity of these compounds could be made. In agreement 
with these qualitative observations, the absorption studies in animals 
and humans showed that I1 and I11 were well absorbed from the GI tract 
while I was not well absorbed orally. Large variations were seen in the 
average lag time (Table II), and no relationship between lag time and flux 
was observed. 


The results of the effect of buffer pH on the total flux of I were inter- 
esting (Fig. 4). The flux at a pH below the pKa (3.8) was higher; at pH 
values above the pKa, it was lower. Although these results are consistent 
with the pH-partition theory, the transport data cannot be explained 
solely on the basis of the unionized species partitioning into the lipoidal 
membrane and then permeating. 


The effects of lightly shaking the intestinal sacs by means of a wrist- 
action shaker are also shown in Fig. 4. At lower pH’s, the flux increased 
as a result of shaking. However, at pH 8 the flux was essentially the same, 


1 / A / / /  I 
I .  


I I I I 
1 0  20 30 40 50 60 


MINUTES 
Figure 2-In vitro transport of I from the mucosal side to the serosal 
side of everted rat intestinal sacs. Open symbols represent sacs made 
from jejunum; solid symbols represent sacs made from duodenum. 
Different symbols represent data points from different rats. 







Table 11-Steady-State Flux and  Lag Time of Xanthone Analogs at pH 7 and 8 across Everted Rat Intestinal Sacs  * 
pH 8 pH 7 


Com- Flux, Mean Flux, Lag Time, Mean Lag Flux, Mean Flux, Lag Time, Mean Lag 
Time, min pound pglmin rglmin min Time, min pg/min d m i n  min 


I 0.090 0.085 
0.110 
0.055 


12.5 
10.5 
2.0 


I1 0.257 0.240 30.0 24.3 0.245 0.233 
0.230 23.0 0.230 
0.234 20.0 0.225 


0.325 18.5 0.235 
0.245 26.0 0.255 


0.175 25.5 0.135 


I11 0.300 0.290 32.0 25.5 0.300 0.263 


IV 0.174 0.168 31.5 30.0 0.150 0.131 


0.155 
- - V 


33.0 
- 


0.108 
- 0.0164 0.020 


0.0180 
0.0208 
0.0256 


14 
9 
8 


11 


10.5 


28.5 


26.0 22.0 
25.0 
20.0 
17.0 


a The initial drug concentration was 10 pg/ml. 


with or without shaking, suggesting that a t  this pH there is no effect of 
shaking on the integrity of the rate-limiting barrier. Since most drug is 
in the ionized form, there is little effect on diffusion either. This result 
would at  least suggest that the integrity of the rate-limiting harrier is also 
not being affected a t  other pH values by the shaking. 


The effects of buffer solution pH on the total flux of I1 and I11 are il- 
lustrated in Fig. 5. These compounds were transported a t  a faster rate 
a t  pH’s above the pKa and at  a slower rate a t  pH’s close to the pKa. The 
pKa of the free acid of 11, determined by the solubility method at  37’ and 
a t  0.1 ionic strength, was 4.4. Shaking the intestinal sacs increased the 
flux of 111 but did not alter the general profile. These results are in dis- 
agreement with the pH-partition hypothesis. 


In view of these results, the flux of another organic acid (VI, pKa = 
4.45) with known absorption characteristics (28) a t  different pH’s was 
investigated (Fig. 6). At pH values higher than the pKa, absorption was 
not decreased according to the fraction of unionized form computed from 
the pKa, indicating that the unionized form was not preferentially ab- 
sorbed. These results disagree with the pH-partition hypothesis. As 
observed earlier for 111, the effect of shaking the intestinal sacs was an 
overall increase in the flux of VI. This increase in flux caused by diffusion 
layer effects did not change the overall shape of the pH profile. 


The results showing the effect of buffer solution pH on the flux of 11, 
111, and VI were similar t o  the recent observations of the effect of pH on 
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Figure 3-Steady-state flux across everted rat intestinal sacs as a 
function of initial concentration. Key: A, I; and 0 , I I .  Each data point 
represents the mean of at least three rats. 


the permeation of phenylbutazone across the everted rat intestine (5). 
Lovering and Black (5) attributed the disagreement of their data with 
the pH-partition hypothesis to diffusion layer effects. They claimed that 
this discrepancy could be best explained by using a modification of Hi- 
guchi’s general equation relating pH and the permeation rate (25). The 
shaking and nonshaking results of this study indicate that, although the 
diffusion layer plays an important role in permeation studies, the major 
disagreement with the pH-partition hypothesis cannot be explained only 
on the basis of diffusion layer effects. 


The rates of the transport of flufenamic acid (21) and phenylbutazone 
(5) a t  different p H s  were obtained under the assumption that the drug 
transport followed zero-order kinetics. The same procedure was used to 
obtain the pH profiles given in Figs. 4-6. In treating the data, an as- 
sumption was made that the drug concentration on the mucosal side of 
the everted rat intestinal sacs remained constant during the experimental 
run. Because of differences in the effective partition coefficient values 
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Figure 4-Effect of pH and shaking on the steady-state flux of I across 
everted rat intestinal sacs. Each data point represents the mean of at 
least three rats. Vertical bars represent the range. Key: 0, with shaking, 
and A, without shaking. 


Vol. 66, No. 9, September 1977 1 1251 







T 
I I 


.E 0.3- 
E 
cn z 
. 
X’ 
1, 
U 0.2 - 
I- 


!- 
v/ > 
0 
w 0.1 - 


a 


a 


t; 


1 I I 


3 4 5 6 7 8 
?H 


Figure 5-Effect of pN on the steady-state flux of I I  and III. Key: A, 
III with shaking; 0 , I I I  without shaking; and O, I1 without shaking. 
Each data point represents the mean of at least three rats. Vertical bars 
represent the range. 


between the lipoidal membrane and the buffer solutions resulting from 
the intrinsic partition coefficient difference of structurally related 
compounds and different degrees of ionization as a result of different pH’s 
of the buffer solutions, drug saturation levels in the membranes could 
vary from compound to compound and from pH to pH. Under these 
circumstances, it is conceivable that the drug concentration on the mu- 
cosal side may constantly decrease or remain constant after the apparent 
lag time. 


An examination of the amount of I and 111 accumulated in the everted 
rat intestinal sac versus time at different pH’s confirmed that the drug 
accumulation in the membranes was a function of the effective partition 
coefficient of the drug, which, in turn, was determined by the degree of 
ionization. The results in Fig. 7 were obtained by subtracting the mucosal 
plus serosal amounts in solution from the total drug added. The accu- 
mulation of I a t  pH 8 in the intestinal sacs was very small. The result of 
decreasing the buffer solution pH was a severalfold increase in the drug 
accumulation (Fig. 7). At pH 3, approximately 5% drug was accumulated 
in the membrane during the first 20 min. An additional 4% drug accu- 
mulation resulted between 20 and 80 min. The total accumulation of drug 
a t  pH 8 was only about 2.5% at  the end of 80 min. 


The flux data obtained from the cumulative amount uersus time plots 
may be quite valid at high pH’s. However, no definite conclusion about 
the validity of the pH-partition hypothesis is possible because of the 
complications resulting from the degrees of drug saturation in the in- 
testinal membranes and the time to reach a plateau level in the mem- 
branes. For 111, there was a remarkable difference in the rates and amount 
of drug accumulation resulting from a relatively small change in pH (Fig. 
7). For example, the accumulated amount in the intestinal sacs at the end 
of 80 min at pH 7 was approximately 16% of the total amount, as com- 
pared to 25% accumulation a t  pH 6. No plateau effect was seen at  either 
pH. A t  lower pH’s, the rate and amount of drug accumulation in the in- 
testinal sacs would be larger because of the higher concentration of un- 
ionized species in solution. It should be obvious that the plots of flux 
uersus pH given in Figs. 4-6 have very little meaning, and this treatment 
of the data cannot be explained on the basis of diffusion layer effects as 
reported previously for phenylbutazone (5). 


These data suggest that the cumulative amount of drug transported 
to the serosal side uersus time plots only provide qualitative information 
on the absorptivity of several analogs of potential drug compounds. A t  
constant pH, the rate and amount of drug accumulation in the mem- 
branes for several analogs may be completely different because of dif- 
ferences in the effective partition coefficient. Different degrees of drug 
accumulation in the intestinal sac membranes could also result from 
differences in the solution concentration of unionized species resulting 
from changes in the pH. 


The experimental design generally used for studying the absorptivity 
of drugs across the everted rat intestinal sac model is optimally suitable 
for monitoring the drug transport by sampling the serosal side. The re- 
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Figure 6-Effect of pH on the steady-state flux of VI. Key: A, with 
shaking; and 0, without shaking. Each data point represents the mean 
of a t  least three rats. Vertical bars represent the range. 


sults of this study indicate that, although the transport data obtained 
by sampling the serosal side appears to follow zero-order kinetics, the 
concentration in the mucosal solution may vary depending upon the drug 
and the mucosal solution pH. The data given in Fig. 7 suggest that a 
nonsteady-state situation in the membranes may exist during the entire 
experimental run. In view of these findings, it may be important to ex- 
amine the concentration changes in the mucosal solution. 


Figure 8 gives the log of the drug remaining in the mucosal solution 
uersus time plots for compounds (11,111, and VI) showing higher drug 
accumulation in the membrane. These curves suggest that the uptake 
of drug from the mucosal solution follows a biexponential function. These 
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Figure 7-Accumulation of I and Ill in the everted intestinal sacs as 
a function of time a t  different pH’s. Key: A, I, pH 8; @, I, p H  3; A, 111, 
pH 7; and 0, IIl, pH 6. 
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96.8% of the total drug was I. These data indicated that the transforma- 
tion of I to I1 was taking place either by the gut microflora or by the in- 
testinal enzymes. Incubation of the everted rat intestinal sacs for 24 hr 
a t  37O with I dissolved in pH 5 buffer solution resulted in no transfor- 
mation of I to 11. A similar TLC analysis of the serosal side solution (pH 
7) during the transport of I1 indicated significant transformation to I by 
the intestinal lumen. No transformation of 111-VI by the everted rat in- 
testine was seen during the in uitro transport runs. 


In summary, the everted rat intestinal sac model is useful for assessing 
absorptivity of several analogs of potential new drugs prior to formulation 
work and clinical trials. This model also provides qualitative information 
related to the absorption processes including biotransformation before 
and during absorption through the intestinal membranes. The model does 
not lend itself to definite conclusions about the mechanism of drug ab- 
sorption, mainly because of the complicated nature of the processes in- 
volved. In spite of the complications involved in treating the transport 
data, the results of this study suggest that the major species involved in 
the absorption of organic electrolytes are the unionized species. 


I I 1 '0 
20 40 60 80 


MINUTES 
Figure 8-Semilogarithmic plots of the drug remaining [(C)t=t = total 
drug concentration in the mucosal solution at time t, and (C)t=o = total 
drug concentration in the mucosal solution at time zero] in the mucosal 
solution versus time at different bulk mucosal solution pH's. Key: V, 
III, pH 7; 0, III, pH 6; A, III, pH 5; 0, II, p H  8; A, II, pH 5.25; A, VI, pH 
7; and Q, VI, pH 3. 


data also indicate higher uptake rates by the intestinal membranes from 
the mucosal solutions containing a higher concentration of the unionized 
drug, which is consistent with the pH-partition theory. Since these results 
cannot be explained solely on the basis of the unionized species parti- 
tioning into the lipoidal region of the membranes and diffusing, these 
compounds may also be transported through the aqueous-filled pores. 


The differences seen in the drug transport on the mucosal and serosal 
sides of the everted sacs cannot be explained on the basis of drug binding 
to the intestinal tissue. The data given in Fig. 3 suggest that the absorp- 
tion of these compounds takes place by nonsaturable processes such as 
passive diffusion. Also, the drug binding in the intestinal tissues would 
not automatically lead to a zero-order transport on the serosal side. It is 
possible that the barrier to drug transport in these in uitro studies is lo- 
cated in the muscle tissue or in the serosa rather than in the mucosal 
epithelium. 


This idea may not be too surprising if one considers the changes in the 
functional and structural integrity of the everted intestine. On the basis 
of histological studies of the everted rat gut preparations, Levine et al. 
(29) reported that, although the intestinal sacs were morphologically 
intact after eversion, they began to lose structural integrity rapidly after 
10-15 min of incubation under conditions normally employed even in 
the absence of drug. The apparent lackof effect of loss of the structural 
integrity on everted intestine transfer rates of nonpolar, lipid-soluble 
compounds was pointed out earlier (13,30). This suggestion led to the 
observation (13,30) that the epithelial border may not be the rate-limiting 
barrier to transport across the everted rat intestinal sac. 


In spite of these complications from the absorption mechanism view- 
point, the everted rat intestinal sac model provides a useful quick 
screening procedure for assessing the absorptivity of several analogs of 
potential drugs. It may a h  provide information related to the rate of drug 
disappearance from the intestinal lumen, drug accumulation in the in- 
testinal membranes, and metabolism before and during the absorption 
process. Preliminary studies indicated that I in pH 7 buffer solution, on 
incubation at 37' for 24 hr with the everted rat intestinal sacs, was 
completely transformed to 11. In light of this observation, it seemed im- 
portant to investigate the degree of transformation during a permeability 
run. 


When the serosal side samples were analyzed by separating the com- 
ponents by TLC, 82,81, and 84% of the total drug transported between 
0 w d  10, 20 and 30, and 50 and 60 min, respectively, was 1. A similar 
analysis of the mucosal side solution at  the end of 70 min indicated that 
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Kinetics and Mechanisms of Drug Action on 
Microorganisms XXIII: Microbial Kinetic Assay for 
Fluorouracil in Biological Fluids and Its 
Application to Human Pharmacokinetics 


EDWARD R. GARRETT x, GAIL H. HURST, and J. RUSSELL GREEN, Jr. * 


Abstract 0 The apparent first-order generation rate constant, kappr of 
Escherichia coli is a function of fluorouracil concentration, C, i.e., ll(ko 
- kapp! = kl(l1C) + kz, where ko is the constant in the absence of drug. 
A routine procedure, using only six counts to establish a daily calibration 
curve (at 125 and 225 min after medium inoculation and with 0,15, and 
30 ng of fluorouracil/ml), assayed unknown drug concentrations in plasma 
or urine diluted to 15-30 ng/ml with standard deviations of 12%. Uracil 
completely antagonized the inhibitory action of fluorouracil but not of 
5-fluorouridine, 5-fluorodeoxyuridine, chloramphenicol, or tetracycline, 
so fluorouracil could be assayed in the presence of the latter compounds 
by kinetic studies with and without uracil. Fluorouracil degraded in 
generating cultures of E. coli, and the drug effects on filtered organisms 
persisted on their inoculation into drug-free medium. Potential products 
of fluorouracil solvolysis, barbituric and isobarbituric acids, had no sig- 
nificant effect on E. coli generation. Human plasma protein binding of 
fluorouracil averaged 10%. The pharmacokinetics of intravenously ad- 
ministered fluorouracil to cancer patients showed a dose-dependent 
two-compartment body model with a faster terminal phase of elimination 
at the lower dose. Total and metabolic plasma clearances increased with 
a decreasing intravenous dose and exceeded hepatic plasma flow to in- 
dicate extrahepatic metabolism. The initial distribution phase and the 
renal clearance did not appear dose dependent, and the terminal semi- 
logarithmic plots of plasma levels against time were linear for both 0.5- 
and 1.0-g doses. A possible explanation is product- or metabolite-inhib- 
ited metabolism. Infusion studies of 1.0 g of fluorouracil showed increased 
metabolic clearances to confirm dose dependency and to be consistent 
with this postulate. The oral absorption of unchanged fluorouracil was 
highly variable between 1 and 15% of the administered dose, showing a 
large first-pass effect. 


Keyphrases Fluorouracil-microbial kinetic analysis in biological 
fluids, pharmacokinetics in humans 0 Microbial kinetics-analysis, 
fluorouracil in biological fluids 0 Pharmacokinetics-fluorouracil in 
humans, studied using microbial kinetic analysis 0 Antineoplastic 
agents-fluorouracil, microbial kinetic analysis in biological fluids, 
pharmacokinetics in humans 


Facile, sensitive, and nontedious assays for fluorouracil 
in biological fluids are needed for the proper and routine 
evaluation of its pharmacokinetics and for the evaluation 
of proper dosage regimens. The bioavailability on oral 
administration also needs to be assessed. This paper re- 
ports the development of a microbial kinetic assay of 
fluorouracil in biological fluids and its application to 
human pharmacokinetics. 


The GLC analysis of fluorouracil in biological fluids 
requires its separation and derivatization. Separation by 
22-hr dialysis with subsequent trimethylsilylation per- 
mitted GLC analysis sensitive to drug concentrations down 
to 1 pg/ml (I). Separation for a similar GLC analysis was 
also effected by an 80% extraction from biological fluids 
buffered at  pH 6 into 16% 1-propanol in ether (2). A sen- 
sitivity to drug concentrations down to 0.5 pg/ml was 
shown (21, and a reproducibility of f 5 %  was claimed. An 
ion-exchange recovery of the drug, with a subsequent GLC 
flash-methylation technique using trimethylanilinium 
hydroxide, also was reported; the apparent sensitivity was 
1.0 pglml of urine (3). A recently published isotope dilution 
mass fragmentographic assay (4) claimed a standard de- 
viation of 2~6% for 10 ng/ml extracted from plasma. 


A sensitive classical disk-agar plate microbiological 
assay based on the correlation of zones of inhibition of 
Streptococcus fueculis with fluorouracil was developed 
and applied to the time course of the drug in plasma and 
urine; the estimated error was f25%/zonal measurement 
(5). 


Fluorouracil lessens the generation rate of logarithmic 
phase microorganisms, and the degree of decrease can be 
related to the drug concentration (6). This ability provided 
the basis for a sensitive assay of fluorouracil in biological 
fluids below the drug levels necessary for complete inhi- 
bition of generation. The tedious and time-consuming 
separation procedures vital for GLC assays and the time 
lag necessary for organism incubation in the disk-agar 
plate studies were avoided. Also, since the inhibitory effect 
of fluorouracil on microbial generation can be reversed by 
the addition of excess uracil, fluorouracil can be specifically 
assayed in the presence of other antibacterial agents that 
do not show this reversibility. The assay was applied to the 
study of fluorouracil pharmacokinetics in humans. 


EXPERIMENTAL 
Organism-Replicate slants of Escherichia coli (ATCC 12407) were 


prepared from a single colony and stored a t  4O. 
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Figure 1-Semilogarithmic plots of E. coli per milliliter against t ime 
in Anton's medium as affected by the stated fluorouracil concentrations 
at 37.5' and p H  7. 


Culture Medium and MaterialsAnton's medium (7) was used with 
3% casamino acids'. The media were passed through a 0.45-pm membrane 
filter2 and autoclaved at  120' for 15 min. The final pH of the buffered 
medium was 7.0. 


The stable (8) neutral aqueous solutions of fluorouraciP, floxuridine4, 
5-flu~rouridine~, and uracil5 were used in in uitro studies and could be 
stored indefinitely at room temperature after being autoclaved for 15 min. 
Chloramphenico16 was dissolved in sterile water and used without au- 
toclaving. 


Monitoring Generation Rates-The kinetics of bacterial generation 
in the logarithmic growth phase were monitored by counting7 the num- 
bers of cells with time (6,9, 10). Predetermined volumes of a 37.5" bal- 
anced growth culture of E. coli, typically 9.9 ml of 3.5 X 1 8  cellslml, were 
pipetted into 25-ml loosely capped conical flasks in a 37.5' constant- 
temperature bath equipped with a shaker. The biological fluids to be 
assayed were diluted with sterile water, medium, ultrafiltered plasma, 
or urine without drus; then 0.100 ml of fluorouracil was added by a mi- 
cropipet to give final concentrations of 10-50 ng/ml in the cultures after 
15 min of culture growth. The numbers of organisms at a specific time 
were obtained by micropipetting 0.50 or 1.0 ml into known volumes of 
a previously filtered2 sterile solution of 0.85% sodium chloride and 1.0% 
formaldehyde to obtain counts in the range of 10,000-20,000150 fi17. 


Construction of Calibration C u r v e s T h e  apparent generation rate 
constants, /zap,, of fluorouracil-affected cultures were obtained from the 
slopes of the linear plots (Fig. 1) of the natural logarithm of the number, 
N, of organisms per milliliter against time, t ,  in the lW250-min interval 
after culture inoculation in accordance with (6,9,10): 


In N = k,,,t t intercept (Eq. 1) 


Plots (Fig. 2) of these apparent generation rate constants, kapp, against 
fluorouracil concentration, FU, were nonlinear. Linear plots (Fig. 3) could 
be obtained (8) in accordance with 


where ko is the first-order generation rate constant in the absence of drug, 
and k2 = 0 for a simple saturable receptor site model (11). 


Calibration curves were prepared for fluorouracil in plasma ultrafiltrate 
a t  various dilutions with sterile water, medium, or fluorouracil-free 


' Difco Laboratories, Detroit, Mich. 
Millipore 0.45-am HA filters. 
Hoffmann-La Roche Inc., Nutley, N.J. 
Courtesy of J. Fox, Sloan Kettering, Institute for Cancer Research, New York, 


Sigma Chemical Co., St. Louis, Mo. 
Boehringer Mannheim, West Germany. 
Coulter counter models B and ZBI, Coulter Electronics Co., Hialeah, Fla. 
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Figure 2-Apparent generation rate constant, kppr of E. coli i n  sec- 
onds-' at 37.5' and p H  7 a s  a function of fluorouracil concentration in 
Anton's medium and in the presence of diluted plasma ultrafiltrate. 
A 0.100-ml aliquot of plasma ultrafiltrate containing fluorouracil, di- 
luted 1:2000 (O), 1:400 (A), 1:lOO (O), 1:20 (O) ,  and 1:5 (0) with sterile 
water or medium, was added to 9.9 ml of the generating culture. 
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Figure 3-Typical linear plots of  a function, I/(k,,, - I/ko) - l /ko ,  
of the  apparent generation rate constants at 37.5" and p H  7 i n  the 
presence, k,,,, and absence, ko, of fluorouracil against the reciprocal 
of the fluorouracil concentration in Anton's medium in the presence 
of diluted plasma ultrafiltrate. An aliquot (0.100 m l )  of  the  plasma ul- 
trafiltrates containing fluorouracil, diluted I:2000 (0) and 1:5 (v) with 
sterile water or medium, was added to  9.9 ml o f  the generating cul- 
ture. 


plasma ultrafiltrate. The plasma ultrafiltrate was prepared by ultrafil- 
tration of plasma through a filter cone* in a centrifuge at  1600 rpm. Al- 


~ 


Ultrafiltration membrane cones 2100 CF 50, Amicon Corp., Lexington, 
Mass. 
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Figure 4-Semilogarithmic plots of E. coli per milliliter against t ime 
in Anton’s mpdium at 37.5O and p H  7 for 20 ng of fhorouracillml in the 
presence of diluted urines. A n  aliquot (0.100 m l )  of the  diluted urines 
containingfluorouracil, diluted 1:2000 (A), 1:400 (O), and 1:lOO (0) with 
sterile water, was added at the time designated by the arrow to  9.9 ml 
of the generating culture. The  other curue (0) is for  the generation o f  
a drug-free culture. 


though the generation rates of E. coli in the absence of fluorouracil were 
not significantly different in ultrafiltered plasma diluted 100- and 2O-fold, 
the generation rates of fluorouracil-affected organisms were significantly 
modified by the content of plasma ultrafiltrate that  had an antagonistic 
effect on fluorouracil inhibition of microbial generation rates (Figs. 2 and 
3). 


Therefore, all plasma samples to be assayed for fluorouracil were ul- 
trafiltered and diluted to the proper range for assay with previously 
prepared ultrafiltered plasma without fluorouracil, preferably from the 
same individual. However, there were no significant differences among 
the generation rates of fluorouracil-affected cultures for the same amount 
of fluorouracil-free plasma ultrafiltrate from different individuals. The 
calibration cnrve constructed for aqueous solutions of fluorouracil could 
be employed when plasma samples were diluted 200-fold or more with 
sterile water. 


The addition of urine to fluorouracil-affected generating cultures an- 
tagonized the generation rate inhibition of fluorouracil. If a urine sample 
could be diluted more than 1:400 (Fig. 4) with water to obtain 15-30 
ng/ml, a calibration curve constructed from aqueous solutions of 
fluorouracil could be used. Dilution of urine containing fluorouracil with 
blank urine not containing any fluorouracil minimized this error, but 
there were significant differences in the antagonistic action of different 
blank urines from the same individual. A modified procedure was ap- 
plicable to the assay of urine samples that could not be diluted more than 
1:400. Fluorouracil itself was used as an internal standard. 


A reasonable first approximation of k:! in Eq. 2 is zero (1 1) (see also the 
intercepts in Fig. 3); if the total concentration of fluorouracil, [FU]T, 
consists of the sum of the unknown concentration in the urine, [FUIu, 
and that due to the added concentration of standard, [FUIs, then, from 
Eq. 2: 


which can be rearranged to: 


so that: 


= k l  (i) - [FUJCI (Eq. 5) 
or: 


(Eq. 6) 


The value for the generation rate constant, k o ,  in the absence of 
fluorouracil could be estimated from the slope of the logarithm of a 
generating culture against time when urine without drug was added to 
the culture. The values of y (Eq. 5) or (ko  - kapp)/kapp (Eq. 6) were cal- 
culated from this ko and the values of the apparent generation rate con- 
stants, kappr obtained at three different concentrations of [FU]s added 
to the sample urine and when [FUls = 0. Plots of the added concentra- 
tions of fluorouracil, [FUJs, against l/y (Eq. 5) or (ko - kapp)/kapp (Eq. 
6) provided a straight line where the negative of the intercept was an 
estimate of the fluorouracil in the urine to be assayed, [FU]u. This ap- 
proximate procedure for dilute drug concentrations in urine had an av- 
erage error of f18% in four separate studies. 


Procedures  for  Routine Assay of Fluorouracil  in Biological 
Fluids-The consistent linearity of the plots of the natural logarithm 
of organisms against time from 100 to 250 min after drug addition to the 
generating culture (Fig. 1) permitted the routine estimation of slopes (or 
generation rate constants, hap,) from the counts of two samples obtained 
a t  125 and 225 min after inoculation of 3 X lo5 organisms. 


The linearity of calibration curves in accordance with Eq. 2 (Fig. 3) 
permitted the daily estimation of k 1 and k p  parameters from kapp values 
obtained a t  only two fluorouracil concentrations and from the ko value 
obtained from a drug-free generating culture where equivalent amounts 
of drug-free plasma ultrafiltrate or drug-free urine had been added. The 
two concentrations of drug, [FU], chosen were 15 and 30 ng/ml, straddling 
a concentration of 20 ng/ml that experimentally gave the minimum 
standard deviation of the calculated y parameter of Eq. 2. Three replicate 
assays were made a t  each concentration. 


The slope, k l ,  and intercept, k z ,  of the line between these two points 
were obtained from the plot of the averaged y values against 1/[FU] in 
accordance with Eq. 2. The amount of fluorouracil in the diluted bio- 
logical sample could be calculated from its observed kapp values (average 
of three replicates) and the derived y parameter from a rearranged Eq. 
2: 


[FUI = k d ( y  - k z )  (Eq. 7) 


All assayed samples were diluted into the response range given by the 
15 and 30 ng/ml. The unknown original concentration was calculated from 
the necessary dilution. 


This method of routine assay was challenged on each of 5 separate days, 
with a new calibration curve on each day. An aqueous solution of 
fluorouracil was diluted so that the drug concentration in the medium 
was 20 ng/ml. Three separate assays were performed on each day, and 
the averages f SD for each day were: 20.3 f 0.5,22.1 f 0.4,20.8 f 2.5, 
19.5 f 1.6, and 24.3 f 0.9. The overall average was 21.4 f 1.9, n = 15, with 
a standard deviation (in percent of the mean) of 7%. A similar study for 
plasma solutions of fluorouracil diluted 10-fold on addition to the culture 
had an average error for 20 ng/ml of 12%. 


An analysis of variance of the calibration curves showed a significant 
variation among days. Thus, it was necessary to construct a daily cali- 
bration curve for the routine assay. 


Antibacterial  Effects of Derived Nucleosides and Potential  
Metabolites of Fluorouracil  and  Their Possible Inhibition by 
Uracil-The possible inhibition of the antibacterial effect of fluorouracil, 
5-fluorouridine, and floxuridine on microbial generation by uracil was 
studied in similar systems, Anton’s medium and 2.5 X 105/ml inocula. 
Similar studies were conducted with mixtures of fluorouracil, tetracycline, 
and/or chloramphenicol with and without uracil. The antimicrobial ef- 
fects of potential products of fluorouracil solvolysis, barbituric and iso- 
barbituric acids, were studied in the same system. The stability of 
fluorouracil in refrigerated whole blood, plasma, ultrafiltered plasma, 
and urine was monitored over 6 days. 


Effect of Filtrates from Fluorouracil-Inhibited Microbial Cul- 
t u re s  on Fresh Organisms and  of Transference of Affected Or- 
ganisms to  Fresh Medium-A culture in logarithmic growth was di- 
vided into five portions. One served as the control, and the other four had 
30 ng of fluorouracil/ml. Each of the four cultures was vacuum filtered 
through a sterile membrane filter (0.45 pm) at  123,153,254, and 279 min, 
respectively, after the parent culture was prepared. The filtrates were 
stored at 4” overnight. 


The organisms were washed with sterile medium a t  3 7 . 5 O .  The mem- 
brane filter was submerged in 50 ml of fresh medium, and the flask was 
shaken vigorously. Aliquots of the cultures prepared from the organisms 
filtered at the various times were monitored for generation rates. Aliquots 
(9.7 ml) of cultures also were added to 0.30 ml of uracil solution to give 
a uracil Concentration of 32 pg/ml, and the generation rates were moni- 
tored. In some cases 1 ml of these cultures was diluted 10-fold into fresh 
medium a t  37.5’ and the generation rates were monitored. 
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Aliquots (8.0 ml) of the stored filtrates were warmed to 37.5' and added 
to 2.0 ml of culture for a population of 4 x 105 organisms/ml. In some 
cases, fluorouracil was added 15 min after the addition of filtrate to the 
culture to increase the drug concentration by 20 ng/ml. The generation 
rates of these cultures were monitored. 


Human Plasma Protein Binding of Fluorouracil-Human plasma 
(3-4 mi), adjusted to pH 5.8,7.2, and 9.0 with dropwise addition of 0.5 
N HC1 or 0.5 N NaOH and containing 2-14C-fluorouraci13 a t  100,1.0, and 
0.1 pg/ml, was ultrafiltered at 1000 rpm through cone filters8 in a cen- 
trifuge for 15 min to ultrafilter 20% of the volume. The cones, with a 
50,000 molecular weight cutoff, were previously soaked in distilled water 
for 1 hr and centrifuged for 10 min a t  1500 rpm. Aliquots (200 pl) of the 
ultrafiltrate and original plasma were assayed with 10 ml of a scintillation 
fluidg by liquid scintillation spectroscopylO. The possible plasma 
quenching of the counts was challenged by adding 25 pl of 0.520 pCi/ml 
of 2-14C-fluorouracil to 200 pl of plasma and plasma ultrafiltrate and 
counting. The plasma counts were within 1% of the ultrafiltrate, indi- 
cating no significant quenching by plasma proteins. 


Fluorouracil binding to the filter cones was determined by again fil- 
tering plasma ultrafiltrates, adjusted to various pH values and with added 
2-i4C-fluorouracil a t  1000 rpm for 3 min to effect 50% ultrafiltration. 
Aliquots (200 pl) of the original ultrafiltrate and the filtered ultrafiltrates 
were added to 10 ml of scintillation fluid and counted in a liquid scintil- 
lation spectrophotometerlO. 


Pharmacokinetics of Fluorouracil  Administered to Human Pa- 
tients-Three patients who were receiving fluorouracil" for diagnosed 
metastatic carcinomas gave their informed consent for these studies12. 


Tests including alkaline phosphatase, serum glutamic-oxaloacetic 
transaminase, serum glutamic-pyruvic transaminase, prothrombin time, 
total proteins, and albumins were normal except for elevated levels of 
serum glutamic-oxaloacetic transaminase and serum glutamic-pyruvic 
transaminase in Patient RC. Urinalyses were all normal. Electrocardio- 
grams, chest X-rays, and blood pressures were normal, as were blood tests 
that included hematocrit, hemoglobin, white blood cells, leucocytes, 
differential, erythrocytes, and platelets. In some studies, the patients were 
given morphine or thorazine concurrently, but other anticancer drugs 
were not administered. 


The patients were supine during all experiments. An arm vein was 
catheterized 2 hr prior to drug administration for blood sampling during 
the intravenous bolus and oral studies. Veins in both arms were cathe- 
terized for the infusion studies. Isotonic saline was infused through the 
indwelling catheter a t  the rate of 50 ml/hr for 2 hr before drug adminis- 
tration until the end of each study. The patient was water loaded orally 
with 10 ml/kg in the hour before drug administration. 


Intravenous bolus administration was effected over 1 min (20 ml X 50 
mg/ml) or 10 sec (10 ml X 50 mg/ml) in the opposite arm from the cath- 
eter, except for Patient JC where venipuncture was difficult. The infusion 
of the dose (1000 mg) in isotonic saline was effected in the arm opposite 
that used for sampling. The drug was normally administered orally in 
100 ml of orange juice, except for the 1-g study in Patient JC  where dis- 
tilled water was used. Patients were fasted for 12 hr before and 2 hr after 
oral administration. Patient RC had nausea and vomiting on oral ad- 
ministration and could not be studied by this route. 


Blood samples were withdrawn from the catheter used for saline drip 
after a 2-ml blood withdrawal for flushing purposes. They were added 
to iced heparinized tubes until centrifugation and separation of plasma. 
The plasma ultrafiltrates were stored at  4O. The pH and volume of a urine 
collection were measured, and a portion was ultrafiltered and refrigerated. 
Urine pH values were -7.5, except for Patient RC whose urine pH ranged 
between 8.0 and 8.7. 


RESULTS AND DISCUSSION 


Fluorouracil Assay by Microbial Generation-The described 
method is rapid and sensitive. It does not necessitate the tedious separ- 
ative techniques from biological fluids required prior to GLC analysis 
(1-4), nor is it as time consuming as the classical disk-plate assay (5) .  Its 
accuracy is of the same order (f5%) as GLC for a complete calibration 
curve and is 4~12% for the routine method proposed. Its sensitivity, 
however, is four to 20 times greater than that claimed for GLC. Twenty 
samples can be analyzed by one operator within an 8-hr working day. 


Scinti-Verse, Fisher Scientific Co., Fair Lawn, N.J. 
I" Beckman liquid scintillation, Beckman Instruments, Fullerton, CA 92634. 
l 1  Injectable solution, Hoffmann-La Roche Inc., Nutley, N.J. 
l 2  The protocol was approved by the Committee for the Protection of Human 


Subjects and the Clinical Research Center Advisory Board of the J. Hillis Miller 
Health Center, University of Florida. 
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Figure 5-Semilogarithmic generation curves of E. coli in Anton's 
medium at  37.5' and pH 7 without drug (O), with 20 ng of fluoroura- 
d / m l  (A), with 500 ng of chloramphenicollml (0), with the combination 
(a), and with the combination plus 10 wg of uracil/ml (0).  These results 
are typical of  assays i n  plasma and urine. 


Reversal of Fluorouracil  Effect by Uracil  in Presence of Tetra- 
cycline and Chloramphenicol-The inhibition of microbial generation 
effected by fluorouracil is reversed by uracil (6 , l l ) .  In Anton's medium, 
concentrations of uracil of 0.200 wg/ml completely reversed fluorouracil 
action a t  0.020 and 0.030 pg/ml, where the generation rates in the 160 min 
after drug addition were 0.54 and 0.36, respectively, of the generation rate 
without fluorouracil. 


Studies of microbial generation in the presence of no drug, 20 ng of 
fluorouracil/ml, 0.50 pg of chloramphenicol/ml, and the combination 
alone or with 10 pg of uracil/ml (Fig. 5) showed that the fluorouracil effect 
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Figure 6-Semilogarithmic generation curves of E. coli in Anton's 
medium at 37.5' and p H  7 without drug (O), with 9.5 ng of floxuri- 
dinelm1 alone (0) and combined with 0.4 pgofuracillml (a), and with 
60 ng o f  5-fluorouridine/ml alone (0) and combined with 2.15 pg of 
uracil/ml (A) .  
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Figure 7-Semilogarithmic plots of E. coli per milliliter against t ime 
at 37.5' and pH 7 when a fresh inoculum was introduced into the  fil- 
trates taken at various times from a fluorouracil-affected generating 
culture in Anton's medium. T h e  curves and times after inoculation for 
the various filtrations were: B, I23 min (0); C,  153 min  (0); D, 254 min  
(A); and E ,  279min (0).  Thegenerating culture of curve A (0) was di- 
luted with the filtrates a t  the  time indicated by the  arrow to give the  
other generating curves. Curves F (m) and G (e) represent generating 
cultures with an  additional 20 ng of fluorouracillml in media prepared 
from dilution o f  A with filtrates at 254 and 279 min, respectively. T h e  
drug was added at 90 min. Curve H (A) represents a generating culture 
with 15 ng of fluorouracillml prepared from dilution of A with fresh 
Anton's medium. 
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Figure 8-Semilogarithmic plots of E. coli per milliliter against t ime 
at 37.5O and pH 7 i n  Anton's medium when inoculated with organisms 
filtered at various times from a previously fluorouracil-affected (30 
nglml) generation curve B (0). T h e  generation curves for the resus- 
pended organisms in fresh media taken at the various times of filtration 
of curve B were: C, 123 rnin (0);  D,  153 rnin (m); E, 254 rnin (A); and F,  
279 rnin (0).  Curve G (e) i s  for the 123-min filtered organisms gener- 
ating in the presence of 3 pg of uracillml. Curves H(o) and I ( A )  are the 
generation curves after 1:lO dilution with fresh medium of the cultures 
of curves D and E,  respectively, at the time indicated in the graph. Curve 
A (0) is for thegeneration of fresh inoculum in  fresh medium without 
added drug. 


Table I-Apparent Total Binding of Fluorouracil to Human 
Plasma Protein and the Cones Used for Ultrafiltration 


Fluorouracil, gg/ml 
Average 


pH 100" 1.00a 0.10b f SD 
5.7 3.1 6.0 7.4 5.5 f 2.2 
7.2 11.7 12.5 13.5 12.6 f 0.9 
9.0 7.8 8.4 6.6 7.6 f 0.9 


Overall average 8.6 


Counts per minute were 8000. Counts per minute were 1500. 


in the presence of chloramphenicol was completely reversed by uracil. 
The generation rate of the triple mixture was the same as that of chlor- 
amphenicol alone. Similar results were obtained with a mixture of 0.49 
pg of chloramphenicol/ml, 0.049 pg of tetracycline/ml, and 0.020 pg of 
fluorouracil/ml with and without added uracil, 2 pg/ml. The generation 
rate constant of 1.6 X sec-' of the combination was changed to 3.0 
X loF4 sec-' on the addition of uracil, a rate constant that was the same 
for the mixture of chloramphenicol and tetracycline alone. 


This phenomenon permits the assay of the fluorouracil content of bi- 
ological fluids in the presence of other antibacterial agents. The microbial 
generation rates need to be studied in the presence and absence of added 
uracil, and the difference in the inhibitory rate constant can be assigned 
to fluorouracil action. 


Action of Potential Nucleoside Derivatives and Solvolysis 
Products of Fluorouracil with and without Uracil Addition on 
Microbial Generation-Potential products of fluorouracil solvolysis 
(8), barbituric acid and isobarbituric acid a t  1 pg/ml, had no significant 
effect on E. coli generation under the stated conditions. Solutions (2 
pg/ml) of fluorouracil in whole blood, plasma, ultrafiltered plasma, and 
urine stored a t  4 O  showed no significant loss in fluorouracil potency by 
this assay over 6 days and thus implied that no significant degradation 
occurred with these storage conditions. 


Floxuridine and 5-fluorouridine have significant inhibitory effects on 
the generation of E. coli (6). ,Uracil did not reverse the action of 5- 
fluorouridine and had a negligible effect on floxuridine (Fig. 6), in contrast 
to the complete reversibility of the action of the precursor, fluorouracil 
(Fig. 5). Studies of floxuridine effects at 30,400, and 500 ng/ml showed 
an initial phase of inhibition for 100 min and a subsequent increase in 
generation equivalent to a control without added drug. This result was 
in contrast to fluorouracil and 5-fluorouridine action, where the second 
phase of the higher generation rate was always significantly less than that 
of the control. 


The accepted mechanism of fluorouracil antimicrobial or anticancer 
action is by its incorporation into 5-fluorouridine or floxuridine and their 
monophosphates, compounds that block DNA synthesis (6,12 ). The lack 
of uracil reversal of the antibacterial action of these nucleosides implies 
that  uracil interferes with the incorporation of fluorouracil into such 
nucleosides instead of antagonizing the nucleosidic or nucleic acid action 
per se. 


Effect of Filtrates from Fluorouracil-Inhibited Microbial Cul- 
tures on Fresh Organisms and of Generation of Transferred Af- 
fected Organisms in Fresh Medium-Semilogarithmic plots of or- 
ganisms against time over longer periods showed biphasic generation 
curves (6, 12). The initially inhibited generation rate in phase I (the 
portion used in the described assay)'increased to a new steady state 
(phase 11) after reasonable linearity for approximately 2 hr. The effect 
of dilution of the fluorouracil-affected organisms with fresh medium was 
studied (6) in peptone broth; the addition of the drug was not readily 
reversed by dilution. I t  took about 150 min for the generation rate on 
dilution in phase I to increase significantly. Diluted cultures were in- 
hibited further to the expected extent by additional drug. These studies 
were repeated with 1 : l O  and 1:lOO dilution with Anton's medium, and 
the results were the same. 


I t  was suggested (6) that  the slower phase I1 of fluorouracil-affected 
microbial generation, particularly observed in the nonbinding Anton's 
medium, was due to drug degradation in the presence of generating E. 
coli. Aliquots of a generating culture of E. coli in Anton's medium with 
30 ng of fluorouracil/ml were filtered a t  various times and added to a fresh 
culture of organisms, 4 1  (Fig. 7). The fluorouracil contents of the diluted 
filtrates, presumably 24 ng/ml, were 17 ng/ml for the 123-min filtrate, 
6 ng/ml for the 153-min filtrate, and 0 ng/ml for the 254- and 279-min 
filtrates as determined from a calibration curve constructed in fresh 
medium. 


These results prove that fluorouracil is inactivated by the generating 
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Figure 9-Semilogarithmic plots for plasma fluorouracil levels i n  104 pg/ml t dose in micrograms against time on  intravenous administration of 
I000 (0) and 500 (0) mg and on  oral administration of 1000 (A) and 500 (A) mg. The vertical lines at several points designate the range o f  the 
average f SD when three or more replicate assays were made. 


organism and/or an antagonist to this drug is produced by the generating 
organisms. However, when an additional 20 ng of drug/ml was added to 
the fresh culture-diluted filtrates, the resultant generation rate was 
equivalent to that expected from completely fresh medium. This finding 
denies the postulate of a produced antagonist and demonstrates the 
microbial inactivation of fluorouracil (Fig. 7). Studies of fluorouracil 
effects on microbial generat,ion of E. coli a t  various inoculum sizes 
showed, after the initial inhibition, greater acceleration of generation rates 
with increased inocula, confirming the microbial inactivation of 
fluorouracil. 


The filtered cells associated with these filtrates were resuspended in 
fresh medium without fluorouracil. Generation rates of these cultures 
and cultures with an added 1000-fold excess of uracil were monitored. 
The generation rates of the filtered organisms in fresh medium were 
similar to those observed prior to the removal of fluorouracil by filtration 
(Fig. 8). This result demonstrates the irreversibility of fluorouracil action. 
The drug is irreversibly incorporated into the organism, and the effects 


of these metabolites persist until the homeostatic processes compensate 
for the insult, which is consistent with the established mechanism where 
phosphorylated derived nucleosides would not readily be removed from 
the cell. Dilution of the generating drug-pretreated organism had no 
significant effect on this irreversibly affected generation rate (Fig. 8). 


The addition of uracil to the resuspended organisms had no effect on 
the previously modified generation rate. This result further demonstrates 
that  uracil antagonizes fluorouracil incorporation into active anabolites 
or catabolites and has no direct effect on deblocking DNA synthesis. 


Human Plasma Protein Binding of Fluorouracil-The cone 
bindings for various concentrations of fluorouracil in percent of con- 
centration f SD were: 2.5 f 0.4 a t  0.1 pg/ml and 1850 cpm, 4.4 f 1.8% a t  
0.4 pg/ml, 2.7 f 2.8% at 1.0 pglml and 18,500 cpm, 3.6 f 0.9% at 4.0 pg/ml 
and 1100 cpm, and 1.5 f 0.5% at 100 pg/ml and 1100 cpm. The overall 
average was 3% with an averaged standard deviation of 1.5%. There was 
no significant difference between cone bindings at pH 7.9 and 7.1. 


The total binding to plasma protein and the filter cones was not sig- 


Table 11-Pharmacokinetic Parameters  fo r  Intravenous Bolus Administration of Fluorouracil  
Patient RC" (F) Patient FW" (M) Patient JC (M) 


Weight, kg Weight, kg Weight, kg 
Parameter 44.7 45.0 69.0 67.4 98.6 - 


Dose, DO, mg 1000 500 1000 500 1000 500 
nb min-1 - - - 0.5 0.5 1.2 
l j b :  min-1 0.036 0.059 0.081 0.082 0.058 0.137 
( t d r r  min - - (-10) 1.5 1.4 0.6 


12 8.6 8.4 12 5.1 
- - - 27 94 


19 


50 35 60 15 33 32 
15 17 33 31 16 20 


AUC', pg/ml-min 1411 496 782 203 723 278 
V,,,f, liters 20 17 16 30 24 13 
Total clearance, C1 totR ml/min 709 1008 1278 2469 1383 1801 
Renal clearance, ClrCnh, mlimin 101 147 91 86 140k 157 
Metabolic clearance', ml/min 608 861 1187 2383 1243 1644 
Percent of dose excreted in urine J 14.2 14.6 7.1 3.5 10.1 8.7 


- 


- - - - 12.1 10.6 


The creatinine clearances for Patients RC and FW were 83 and 74 and 65,60, 70, and 50, respectively. * Parameters for time dependence, t in minutes, for plasma 
levels, b in micrograms of fluorouracil per milliliter of plasma: b = (Ae-UL + Be-pr). c Do/B. d Estimates of apparent.volume of distribution of central compartment, 
Vc = Do/(A + B). Area under plasma level-time curve by tra ezoidal rule. Terminal area estimated from last plasma level, b,, and observed 0, i.e., bJ0. f Pseudo- 
steady-state overall apparent volume of distribution, V,,, = Clbt&. Total clearance, Clbt = Do/AUC. Renal clearance, Cl,,, = (U,/Da) Clbt,  where U ,  LS total amount 
of drug excreted unchanged in urine. CI,,, - Clmm J 102 U,/Do. k One infusion study gave a Clren = (AU/At)/b, ,  = (450 pg/min)/3.0 pg/ml = 150 ml/min at steady 
state. 
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nificantly concentration dependent (Table I) ,  although the total binding 
a t  pH 7.2 did significantly exceed that a t  pH values of 5.7 and 9.0. Cor- 
rection for cone binding implies a protein binding of fluorouracil of 10% 
a t  pH 7.2 and -3% a t  the other pH values. 


Pharmacokinetics of Fluorouracil  on Bolus Intravenous Ad- 
ministration-The time courses of the plasma levels as percent of dose 
per milliliter of plasma on intravenous bolus injection are shown in Fig. 
9, and the derived pharmacokinetic parameters are listed in Table 11. A 
two-compartment body model is indicated by the biphasic semiloga- 
rithmic plots. The slow mixing for Patient RC did not permit observation 
of an a-phase when the drug was injected and taken from opposite arms. 
The half-lives for the preliminary distribution ( a )  phases for the other 
two subjects ranged from 0.6 to 1.5 min. The percent of dose-time plots 
of Fig. 9 for the initial data of both 1000- and 500-mg doses were rea- 
sonably superimposable when plotted in such a manner and do not deny 
the premise that the apparent 10-12-liter volume of distribution of the 
central compartment and the initial distribution rates are dose inde- 
pendent. 


Various other pharmacokinetic parameters were calculated for the two 
studies where the data were adequate for estimation of a and A values. 
The first-order two-compartment body model where the intravenously 
administered drug distributes between the central compartment, C, and 
the peripheral compartment, P ,  and is eliminated or metabolized to E 
is shown in Scheme I. 


kCE k P  
E - C e P  


kpC 


Scheme I 


The estimated microscopic rate constants (13) in minutes-' for Pa- 
tients FW (500-mg dose) and JC (1000-mg dose) were, respectively: kpc, 
0.23,0.17; k ~ p ,  0.17,0.22; and k C E ,  0.18,0.17. The apparent volumes of 
distribution of the central compartment, V ,  = dose/(B + A), were 11.9 
and 7.9 liters; of the peripheral compartment, V, = V,kcp/kK, they were 
8.9 and 9.9 liters. The total steady-state volumes of distribution, V,, = 
V, f Vp, were 21 and 18 liters, respectively. The areas (AUC) under the 
plasma level-time curves, calculated from the parameters given in Table 
I1 for the sum of exponentials fit of the plasma level, b = Ae-ct + 
were 237 and 757 pg/ml-min from AUC = A/a + B/P. Thus, the respec- 
tive total clearances (dose/AUC) for these studies of Patients FW and 
JC were 2110 and 1321 ml/min, respectively, which were similar to those 
clearances determined from areas calculated by the trapezoidal rule 
(Table 11). 


There were lower plasma levels as percent of dose for the 500-mg bolus 
as opposed to the 1000-mg bolus in all three subjects (Fig. 9), thereby 
demonstrating a significant pharmacokinetic dose dependency. In two 
(JC and RC) out of the three studied sub,jects, the apparent first-order 
terminal rate constant of drug elimination was significantly higher a t  the 
lower dose, which could imply a saturable metabolism of fluorouracil. 
However, the continued linearity of the terminal semilogarithmic plots 
implies that  it cannot be assigned to substrate-dependent metabolism 
alone since an increase in the terminal slope with time would be antici- 
pated a t  the higher doses. A possible explanation could be product-in- 
hibited metabolism, which would significantly decrease the slope of the 
terminal phase (Fig. 9) a t  the higher dose. 


A possible alternative explanation may be based on the premise that 
fluorouracil is initially transformed reversibly to 5,6-dihydrofluorouracil. 
The subsequent irreversible process of ring opening of the latter may be 
a saturable process. Thus, higher plasma levels would promote the ac- 
cumulation of the fluorouracil in equilibrium with the dihydro- 
fluorouracil. 


The dose-dependent metabolic clearances, Cl,,, (Table II), exceeded 
the normal hepatic plasma flow of 812 ml/min (14). This result indicates 
that metabolism occurs a t  sites other than in the liver, and a high first- 
pass metabolism would be predicted on oral administration. 


The renal clearances (Table 11) in the three subjects did not appear 
to be dose dependent and averaged 124 (RC), 89 (FW), and 149 (JC) 
ml/min, in contrast to the two subjects studied by Clarkson et  al. (5) on 
drug infusion with renal clearances of 159 and 180 ml/min. However, these 
subjects may have had normal renal clearances (one had an inulin 
clearance of 109 ml/min) whereas Patients RC and FW had significantly 
low creatinine clearances of 79 and 61 ml/min, respectively. The percent 
of drug previously reported (5) to be excreted unchanged in the urine on 
single intravenous injection was 16% (7.8% with impaired renal function) 
and was consistent with the present values (Table 11). 


Occasional microbial generation studies of plasma samples containing 
fluorouracil were made with added uracil. In all cases, the inhibitory 


Table 111-Pharmacokinetic Parameters  on the Oral  
Administration of Fluorouracil  Solutions 


Parameter 


Patient FW 
Patient JC (M), (M), 


107.5 ke 65.3 ke 


1000 500 Dose, DO, m 1000 1000 500 
AUC,,~, pgfml-min 47 110 5.5 89 16 
Percent of dose excreted 1.24 0.33 0.14 0.67 0.16 


Percent apparent bioavail- 
in urineb 


ahi l i tv  I_..__ 
FrornJlO2 AUC,,,/AUCivC 12.4 3.3 1.6 9.4 4.6 
From lo? (U,)po/(Um)ivd 15.1 6.4 0.8 11.3 8.0 


Area under plasma level-time curve by trapezoidal rule. Terminal area esti- 
mated from last plasma level, b,, and observed 13 a t  500-mg iv dose, i.e., bJB. * 10*(U~)po /D~ ,  where U ,  is total amount of drug excreted unchanged in urine. 


From ratios of total 
amounts of drug excreted unchanged, U- ,  for same doses, oral/intravenous. 


From ratios of AUC for same doses, oral/intravenous. 


action of the drug was completely reversed. This finding indicated no 
significant concentration of derived nucleoside in the plasma. 


Pharmacokinetics of Fluorouracil on Constant-Rate Intravenous 
Infusion-Two studies, with Patients RC and FW, of constant-rate (ko) 
intravenous infusion (6.67 mg/min) of 1000 mg (DO)  of fluorouracil were 
conducted with total areas under the plasma level-time curves of 336 and 
197 pg/ml-min, respectively. Thus, the respective clearances, CL,,, = 
Do/AUC, were 2977 and 5085 ml/min. The average plasma levels on at-  
tainment of steady state (b3s)  were 2.65 pg/ml f 0.46 (SD) for RC and 
1.42 pg/ml f 0.28 ( S D )  for FW. Thus, the respective estimated total 
clearances calculated from these values (Clt,t = ko/b,,) were 2517 and 
4697 ml/min, values consistent with the total clearances calculated from 
the AUC values. However, the averages of these total clearances, 2747 
(RC) and 4891 (FW) ml/min, greatly exceeded, by more than twofold, 
the total clearances obtained on bolus intravenous injection of either 500 
or 1000 mg of fluorouracil (Table 11). When the total clearance was di- 
vided by the respective average pseudo-steady-state volume of distri- 
bution for each subject (Table II), the estimated elimination rate con- 
stants (a = Clt,JVp,) were 0.15 (RC) and 0.20 (FW) min-'. This finding 
confirms the indicated dose-dependent pharmacokinetics of fluorouracil. 
Slow infusion of the drug that increased the metabolic rates would give 
a lessened steady-state concentration of metabolites and would support 
the hypothesis of product-in hibited metabolism. 


Patient RC excreted unchanged 7.1% of the dose in the urine, a value 
significantly less than the 14.4% observed on intravenous bolus admin- 
istration. This decrease in the urinary excretion is normally expected with 
an increase in the rate of a parallel metabolism of a drug. 


Pharmacokinetics of Fluorouracil  on Oral  Administration of 
Solutions-As previously reported (5,15), the absorption of fluorouracil 
on oral administration was highly variable among and within subjects 
(Fig. 9). First approximations of the fraction of drug absorbed unchanged 
can be made from the ratios of drug excreted unchanged or from the ratios 
of the area under the curve, oral to intravenous for equivalent doses. 
These ratios ranged from 0.01 to 0.15 in the five studies conducted (Table 
III), where the ratios of the AUC values reasonably correlated with the 
ratios of the renal excretion of unchanged drug. These are not accurate 
quantitative values for bioavailability but are only coincident with true 


es if, and only if, elimination rates are dose indepen- 
dent. 


es were much less than the 0.50 and 0.80 
values reported for two subjects by Cohen et al. (15). However, their 
subjects had carcinomas of the colon metastatic to the liver. Other in- 
vestigators (5,16) indicated much lower amounts of drug available to the 
plasma on oral absorption. 


The plasma fluorouracil levels of solutions (Fig. 9) peaked 10-15 min 
after oral administration; a t  the higher 1000-mg dose, they were pro- 
longed, indicating a sustained zero-order absorption. The apparent 
bioavailabilities (Table 111) a t  the 1000-mg oral dose always exceeded 
those a t  the lower 500-mg doses. This finding is consistent with a dose- 
dependent first-pass effect. Since hepatic clearances on intravenous 
administration (Table 11) always exceeded hepatic plasma flow by more 
than twofold, there should have been negligible drug in the plasma by 
the oral route. The fact that  significant drug was absorbed orally is in- 
dicative of highly saturable first-pass phenomena when high concen- 
trations of drug enter the liver on oral administration and/or additional 
extrahepatic metabolic and elimination pathways that are not mediated 
by the absorption process. 


These apparent bioavailab 
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Factors Influencing Comparative Bioavailability of 
Spironolactone Tablets 


J. M. CLARKE x, L. E. RAMSAY *, J. R. SHELTON, 
M. J. TIDD*, S. MURRAY, and R. F. PALMER 


Abstract 0 The bioavailability of spironolactone from 10 tablet for- 
mulations, selected to provide a wide range of specifications and in uitro 
dissolution rates, was assessed from the plasma and urinary levels of its 
major unconjugated metabolite, canrenone, in a study of balanced in- 
complete block design using 11 healthy subjects. significant but weak 
correlations existed between the amount of spironolactone in solution 
a t  40 min in uitro and the area under the plasma concentration-time 
curve for canrenone and urinary canrenone excretion. The correlations 
between in uitro dissolution and bioavailability parameters appeared 
to be weakened by two tablet formulations, one with dibasic calcium 
phosphate as the principal excipient and the other formulated from mi- 
cronized spironolactone bulk drug. Measurement of in oitro dissolution 
of spironolactone tablets is of value for quality control purposes, provided 
no major alteration is made in the formulation. 


Keyphrases 0 Spironolactone-bioavailability in humans related to 
in uitro dissolution, various tablet formulations compared 0 Bioavail- 
ability-spironolactone in humans, related to in uitro dissolution, various 
tablet formulations compared 0 Dissolution, in uitro-spironolactone, 
related to human bioavailability, various tahlet formulations compared 


Diuretics-spironolactone, bioavailability in humans related to in uitro 
dissolution, various tablet formulations compared 


Spironolactone’, a synthetic steroid lactone having 
properties compatible with specific competitive antago- 
nism of aldosterone and other mineralocorticoids (1-3), 
is of clinical value in the treatment of congestive heart 
failure, hepatic ascites, primary aldosteronism, and es- 
sential hypertension (4). The original tablet formulation 
of spironolactone had incomplete bioavailability, and re- 


Aldactone, G .  I). Searle & Co 


formulation yielded a tablet that proved to be fourfold 
superior with regard to plasma levels of the principal un- 
conjugated metabolite (canrenone) (&8), pharmacological 
activity (9, lo), and therapeutic efficacy (8). 


It was suggested that the spironolactone absorption was 
limited by its dissolution rate, and some evidence indicated 
that the improved bioavailability of the new formulation 
could be related to more rapid in uitro dissolution ( 1 1 ) .  The 
new formulation of spironolactone (25-mg tablets) is still 
used, and little has been published on spironolactone 
bioavailability in recent years. 


A new 100-mg spironolactone tablet was shown to be 
bioequivalent to four 25-mg tablets (1 2). Spironolactone 
was included in the long list of drugs for which more in- 
formation on bioavailability is considered desirable (13, 
14). 


This paper presents the comparative bioavailability of 
10 tablet formulations of spironolactone. The objective of 
the study was to determine whether dissolution in vitro is 
of value in predicting in viuo bioavailability and which 
factors in tablet specification may be important to bio- 
availability. 


EXPERIMENTAL 


Formulations-Three experimental and seven production batch 
tablets were studied. All tablets were chemically equivalent inasmuch 
as they all complied with the BP  monograph requirements for spirono- 
lactone. The tablets were selected specifically to provide the wide range 
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Iodipamide Kinetics: 
Capacity-Limited Biliary Excretion with Simultaneous 
Pseudo-First -Order Renal Excretion 


SHENG K. LIN *, ALBERT A. MOSS $, and SIDNEY RIEGELMAN *x 


Abstract 0 Iodipamide was infused into three dogs with bile fistulas to 
achieve various steady-state blood levels. When using ultracentrifugation 
techniques, iodipamide was found to be highly bound to plasma protein. 
The total blood clearance was low relative to hepatic blood flow. For either 
the whole blood concentration or the unbound concentration of iodi- 
pamide, the biliary excretion was shown to be capacity limited with a 
transport maximum, T,, of approximately 1.0 pmole/kg/min. The 
steady-state renal excretion rate, plotted against the whole blood con- 
centration of iodipamide, resulted in a concave ascending curve, which 
could lead to the false conclusion that iodipamide was undergoing active 
renal tubular reabsorption. However, when corrected for plasma protein 
binding, a linear relationship was obtained, suggesting that the renal 
excretion of iodipamide is a pseudo-first-order process. The Michaelis- 
Menten parameters for the extrarenal elimination, when calculated using 
the whole blood concentration of iodipamide, led to a similar discrepancy 
compared to the parameter estimates obtained from biliary excretion 
rate data. This discrepancy can be eliminated when one uses the unbound 
concentration of iodipamide in the parameter estimates. 


Keyphrases Iodipamide-capacity-limited excretion kinetics, 
dogs 0 Excretion kinetics, capacity limited-iodipamide in dogs 
0 Pharmacokinetics-excretion of iodipamide in dogs 0 Radiopaque 
media-iodipamide, capacity-limited excretion kinetics, dogs 


~~ ~ 


Iodipamide, 3,3’- (ad ipoyldiimino) bis [ 2,4,6- triiodo- 
benzoic acid], is the most commonly used intravenous 
cholangiographic agent in the United States. Clinically, 
a dose of 166 or 233 mglkg is recommended for intravenous 
administration over 3-10 min or the same dose is admin- 
istered by a slow infusion over 2 hr (1). Nausea, vomiting, 
hypotension, and occasional kidney damage have been 
reported with these administration methods. Conflicting 
opinions exist concerning the appropriate dose and ad- 
ministration route of iodipamide to produce maximal ra- 
diological opacification of the biliary tree (1-3) with neg- 
ligible side effects. 


Following intravenous administration, iodipamide is 
taken up by the liver and excreted unchanged into the bile. 
Biliary excretion was demonstrated to be capacity limited 
with a transport maximum, T, (4 ,5) .  Therefore, plasma 
levels in excess of those necessary to saturate the biliary 
excretion offer little or no advantages in opacification of 
the biliary tree. Increased doses lead to increased drug 
concentrations in other body organs and add stress on the 
kidney excretory process. Iodipamide exists in the blood 
as the unchanged drug and is excreted unchanged in the 


urine. The percentage of the dose excreted in the urine 
increases with an increasing dose (6). Therefore, iodi- 
pamide offers a good opportunity to investigate the ca- 
pacity-limited hepatic uptake or biliary excretion in the 
presence of renal excretion. 


A steady-state approach was utilized in the phar- 
macokinetic studies of iodipamide in dogs to gain a better 
understanding of the capacity-limited hepatic elimination 
with simultaneous renal excretion. It is hoped that through 
this understanding, an optimal dosage and route of ad- 
ministration can be developed to provide maximal visu- 
alization of the biliary tree and the least toxic effects. 


THEORETICAL 


When a drug is infused into the animal for a sufficiently long time to 
establish steady-state blood concentration, the elimination rate by all 
routes should equal the infusion rate. For a drug such as iodipamide, 
which is eliminated by the kidney and other organs, the elimination rate 
from the blood is the sum of renal excretion and extrarenal elimination. 
Therefore, if the renal excretion rate a t  steady state is determined, the 
difference between the infusion rate and the steady-state renal excretion 
should equal the extrarenal elimination rate; ie.: 


(Eq. 1) 


where Ro is the zero-order infusion rate, R’ is the steady-state extrarenal 
elimination rate, and dAu/d t  is the steady-state renal excretion rate. 


If one assumes that the extrarenal elimination is capacity limited, it 
can be described by the Michaelis-Menten equation: 


(Eq. 2) 


where V,,, is the maximal rate of extrarenal elimination and K ,  is the 
apparent Michaelis-Menten constant. For a drug that has high blood 
clearance, C,, will be the whole blood concentration a t  a steady state; for 
a drug with low clearance, C,, should be referred to the unbound con- 
centration. If the unbound drug concentration shows a constant pro- 
portionality to the whole blood concentration, the use of the steady-state 
whole blood concentration should theoretically yield the same value of 
V,,, and an apparent value of K ,  as when the unbound concentration is 
used. However, this is not the case with iodipamide, which has a relatively 
low clearance, probably because the unbound fraction varies with con- 
centration. 


The term V ,  is used to denote the maximal rate of capacity-limited 
extrarenal elimination, as defined in Eq. 2, and T, is used to denote the 
maximal rate of capacity-limited biliary excretion since i t  is not known 
whether these two referred to  the same or different capacity-limited 
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processes. The Michaelis-Menten equation can be linearized in the fol- 
lowing manner: 


Therefore, from the intercept and the slope of the R'IC,, uersus R' plot 
or CJR' uersus C,, plot, initial estimates of V ,  and K ,  can be obtained 
and used for the computer fitting of the data. 


However, if two capacity-limited processes are involved in the ex- 
trarenal elimination, one must fit the extrarenal elimination data to the 
following equation: 


T I  n ., n 


where V,, and V,, represent the maximal elimination rates for Processes 
one and two, respectively, whereas K,, and K,, represent the Michae- 
lis-Menten constants for these two elimination processes, respectively. 
Furthermore, if R'/Cs, uersus R' is plotted, a curvilinear relationship 
results; it can be resolved into two straight lines with intercepts of V,, 
and V,, on the abscissa and slopes of l/-K,, and l/-K,,, respectively, 
for the two processes. 


EXPERIMENTAL 


Materials-The infusion solution of iodipamide was prepared by 
diluting commercially available iodipamide meglumine'~2 with normal 
saline to concentrations of 21.3 and 55.5 p M .  Sodium taurocholate3 was 
prepared as a 1% solution in normal saline. Chronic bile fistulas were 
implanted in dogs by cholecystectomy, ligation of the accessory pancreatic 
duct, and insertion of a modified Thomas cannula (7) in the duodenum 
opposite the opening of the ampulla of Vater. 


Chronic Infusion StudiesChronic  infusion studies were performed 
on three unanesthetized, adult labrador dogs (23.4-25.8 kg) with bile 
fistulas. The dogs were fasted 24 hr prior to each study. The common bile 
duct was catheterized through the duodenal fistula with a polyethylene 
tubing (No. 100). Bile was collected by gravity siphoning into graduated 
cylinders such that the volume could be measured to the nearest 0.1 ml. 
Superficial leg veins were catheterized with polyethylene tubings for the 
infusion of iodipamide and sodium taurocholate and for the collection 
of blood samples. 


Sodium taurocholate was infused a t  rates varying from 7.4 to 10.0 
fimoles/min to maintain, insofar as possible, a constant bile flow rate and 
to replace the loss of the bile salts during the experiment (8). The bladders 
were catheterized with polyethylene tubing (No. 240) for urine collec- 
tion. 


Throughout each experiment, blood samples were taken a t  20-min 
intervals; bile and urine samples were taken a t  30-min intervals. The 
iodipamide concentration in each sample was determined according to 
its iodine content by fluorescent excitation analysis (9). Fluorescent ex- 
citation analysis assays the iodine concentration in the biological samples 
in the range of 0.002-40.0 mg of iodine/ml with a f 2 %  error. 


Following appropriate loading doses, iodipamide was infused a t  rates 
varying from 0.35 to 4.20 pmoleslkglmin for a minimum of 2 hr a t  each 
rate to achieve various steady-state blood concentrations. At least three 
steady-state blood concentrations were .achieved in one experiment. 


Acute Infusion Studies in Anesthetized Dogs-Infusion studies 
were performed in two adult mongrel dogs (21.0 and 27.2 kg) under 
pentobarbital sodium anesthesia. The visceral organs were exposed 
through a midline incision, the cystic duct was ligated, and the common 
bile duct was catheterized with polyethylene tubing (No. 100) for bile 
collection. Femoral veins were catheterized for the infusion of iodipamide 
and sodium taurocholate and for the collection of blood samples. The 
bladder was catheterized, and the total urine output was collected. Timed 
blood, bile, and urine samples were obtained as in the chronic infusion 
studies. 


After the appropriate loading dose, iodipamide was infused for 3-5 hr 
at 4.25 and 5.50 pmoles!kg/min, doses that were in excess of the rate re- 
ported to saturate the biliary excretory mechanisms (4). The dogs were 
then sacrificed by anesthetic overdose. The liver, kidneys, heart, and 
intestines were isolated, drained, weighed, and homogenized. The iodi- 


E. R. Squibb & Sons, Princeton, NJ 08540. * Cholografin meglumine. 
3 ICN Pharmaceuticals, Cleveland, OH 44128. 
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Figure 1-Scatchard plot  o f  iodiparnide binding to  plasma albumin 
i n  Dog C. An a t t e m p t  t o  calculate t h e  binding constants was unsuc- 
cessful due  t o  insuf f ic ient  data in t h e  low r region. 


pamide concentration in the blood, bile, urine, and isolated organs was 
determined by fluorescent excitation analysis (9). 


Plasma Protein Binding Studies-On separate occasions, appro- 
priate amounts of the iodipamide were added to the blood taken from 
the dogs with bile fistulas used in the chronic infusion experiments to 
achieve blood iodipamide concentrations varying from 113 to 1295 fiM. 
These samples were allowed to equilibrate for 2 hr a t  37'. The plasma 
was then separated from blood cells by centrifugation, and the plasma 
iodipamide concentration was determined by fluorescent excitation 
analysis. From the hematocrit and the ratio of plasma iodipamide con- 
centration over blood iodipamide concentration, the fraction of iodi- 
pamide in the red blood cells was calculated. 


The plasma samples were then centrifuged a t  60,000 rpm (average force 
of 369,00OXg, maximal force of 485,OOOXg) in a preparative ultracen- 
trifuge4, using a swinging bucket rotor5, for 18 hr a t  37O. The iodipamide 
concentration in the upper 0.2 fraction of the supernate was determined, 
and the fraction unbound to plasma protein was calculated. 


Creatinine Clearance Determination-Endogenous creatinine 
clearance was determined for two dogs with bile fistulas used in the 
chronic infusion studies. Twenty-four-hour urine collections were made. 
A blood sample was taken a t  the midpoint of the urine collection period. 
The creatinine concentration in the urine and serum samples was de- 
termined by the alkaline picrate method. The creatinine clearance was 
then calculated by dividing the amount of endogenous creatinine excreted 
over 24 hr by the serum creatinine concentration a t  the midpoint 
time. 


In the third dog with a bile fistula used in the chronic infusion studies, 
the exogenous creatinine clearance was determined by infusing creatinine 
throughout one infusion experiment along with iodipamide. The creat- 
inine concentration in the timed serum and urine samples was deter- 
mined. The exogenous creatinine clearance was calculated as already 
described. 


RESULTS AND DISCUSSION 


Iodipamide was highly bound to plasma protein (Fig. 1 and Table I). 
The percentage unbound varied from 1 to 12% as the blood iodipamide 
level increased from 113 to 1295 p M .  The iodipamide fraction in the red 
blood cells varied from less than 1 to 9%; therefore, iodipamide binding 
to red blood cells should not be a significant factor in iodipamide elimi- 
nation. Lang and Lasser (10) showed that iodipamide binds to plasma 
albumin but not to y-globulin. The plasma level of albumin was deter- 
mined to be 2.4%, and a molecular weight of 69,000 was used for albumin 
in the calculation of P in the Scatchard plot (Fig. 1). 


The total blood clearance, calculated by dividing the infusion rates by 


' Beckman model L2-65B. 
Beckman SW60 Ti rotor. 
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Table I-Plasma Protein Binding of Iodipamide in the Dog 
Concentration Fraction 


Blood Fraction in Red 
Dog Blooda Plasmau Plasma Unbounda Unbound Hematocrit Blood Cells 


2 C C C - C - c  - - - A 113 
294 610 0.48 38 0.062 0.50 0.00 
546 920 0.59 66 0.071 0.42 0.02 
886 1492 0.59 111 0.074 0.46 0.09 


B 133 228 0.58 3 0.014 0.41 0.01 
49 1 839 0.59 55 0.066 0.41 0.01 
942 1495 0.63 157 0.105 0.42 0.08 


C 168 302 0.57 3 0.010 0.41 0.00 
215 361 0.60 7 0.020 0.45 0.08 
264 458 0.58 14 0.030 0.45 0.05 
336 602 0.59 
394 665 0.59 
693 1231 0.56 
864 1409 0.61 


1295 2228 0.58 


31 0.051 
33 0.050 
77 0.063 


115 0.081 
255 0.116 


0.45 
0.41 
0.41 
0.43 
0.42 


0.02 
0.06 
0.00 
0.07 
0.01 


(1 Expressed in units of micromolarity of iodipamide. Calculated from the equation F = 1 - (l /h)(l  - H), where F is the fraction in the red blood cells, X is the ratio 
of the blood concentration divided by the plasma concentration, and H is hematocrit. c Not determined. 


Table I1 *-Relationships among the Rate of Infusion ( R o )  the Steady-State Blood Concentration ( c b ) ,  the Total  Blood Clearance 
(Clb), the Renal Clearance Based on Blood Concentration (C&), and  the Renal  Clearance Based on the Unbound Concentration 
of Iodipamide (C&r) 


c b ,  clb, Clr, C b / ,  
Dog pmoles/kg/min WM ml/kg/min ml/kg/min ml/kg/min 


A 0.40 129 f 0.0 3.1 f 0.000 0.2 f 0.012 6.8 f 0.42 
1.40 399 f 8.3 3.5 f 0.076 0.8 f 0.015 9.4 f 1.20 
2.51 690 f 11.4 3.6 f 0.059 1.3 f 0.022 9.3 f 0.06 
4.20 1089 f 1.9 3.9 f 0.006 1.9 f 0.003 8.4 f 0.35 


B 0.35 122 f 1.5 2.8 f 0.035 0.1 f 0.002 6.5 f 0.12 
0.69 193 f 1.5 3.6 f 0.074 0.4 f 0.009 12.2 f 0.50 
2.08 562 f 7.7 3.7 f 0.051 1.4 f 0.019 12.9 f 0.45 
3.50 945 f 7.1 3.7 f 0.028 2.1 f 0.015 11.4 f 0.14 


10.2 f 1.08 0.5 f 0.010 
1.60 539 f 8.0 3.0 f 0.045 1.1 f 0.017 12.1 f 1.36 


12.0 f 0.07 2.00 752 f 3.7 2.7 f 0.014 1.5 f 0.005 
3.33 1079 f 0.9 3.1 f 0.003 1.6 f 0.003 8.6 f 1.20 


R 0, 


C 0.73 267 f 5.5 2.7 f 0.057 


a All data, except the infusion rate, are expressed as the mean steady-state values following each infusion f SD. Total blood clearance was obtained by dividing the 
infusion rate by the corresponding blood concentration of iodipamide at  steady state. Renal clearance based on blood iodipamide concentration was obtained by dividing 
the steady-state renal excretion rate by the corres onding blood iodipamide concentration. Renal clearance based on the unbound iodipamide concentration was obtained 
by dividing the steady-state renal excretion rate gy the corresponding unbound iodipamide concentration. 


the steady-state blood iodipamide concentrations, was low, varying from 
2.7 to 3.9 ml/kg/min (Table 11). The low total blood clearance and the high 
degree of plasma protein binding of iodipamide make it likely that the 
unbound fraction is the major determinant in iodipamide elimination. 
The data analysis was made using both the whole blood and the unbound 
concentration of iodipamide. 


Pooled data from a series of chronic infusion experiments in the dogs 
with bile fistulas are reported here. Different symbols in each figure 
represent data from each experiment in the same dog. In two dogs, the 
biliary excretion rate reached a maximal value of 0.9 and 1.0 Fmole/ 
kglmin, respectively, with increasing blood levels, indicating a saturation 
phenomenon with a transport maximum, T, (Fig. 2). 


Transport maxima of 1.07 (%CV = 14%) and 1.10 (%CV = 8%) 
pmoleslkglmin were obtained when the data of the biliary excretion rate 
and blood iodipamide levels were fitted to the Michaelis-Menten equa- 
tion using a nonlinear least-squares computer program6 and a digital 
computer7 (Fig. 2). When the same data were fitted to the unbound io- 
dipamide concentration, transport maxima of 0.88 (%CV = 7%) and 0.94 
(%CV = 3%) pmole/kg/min were obtained (Fig. 3). The estimated T, 
values were statistically different a t  the p = 0.05 level when compared 
with T ,  values obtained using blood iodipamide levels. Theoretically, 
the T,  values would not change if the degree of plasma protein binding 
remained constant. However, the percent iodipamide unbound varied 
up to 10-fold (Table I) in the concentration range studied. 


While the renal excretion rate of iodipamide remained essentially 
constant once steady-state blood iodipamide concentrations had been 
achieved, the steady-state renal excretion rate increased dispropor- 
tionately with an increasing blood iodipamide concentration (Table 11). 
Plotting the relationship between steady-state renal excretion rates and 


BMDOIIRT. 
IBM 360-50. 


the blood iodipamide levels yielded a concave ascending curve from which 
one might conclude that active tubular reabsorption was occurring (Fig. 
4) with an apparent threshold blood concentration of approximately 130 
p M .  This conclusion, of course, neglects the effect of plasma protein 
binding on the renal excretion. 


When the steady-state renal excretion rates were plotted against the 
unbound iodipamide concentracicns, the data appeared to fit a linear 
relationship with a zero intercept (Fig. 5). This result indicates that the 
renal clearance remains relatively constant and that the renal excretion 
can be treated as a pseudo-first-order process (in the concentration range 
studied) when one corrects for the effect of plasma protein binding. The 
renal clearance of unbound iodipamide estimated from the slope of this 
plot (Fig. 5) was 10.4 mlikglmin for Dog A. Creatinine clearance for this 
dog was 2.4 ml/kg/min. Similar ratios were found in other dogs. 


This fourfold difference indicated the existence of an active secretion 
process of iodipamide occurring in the renal tubule. Usually one presumes 
active tubular secretion to be saturable. The fact that  renal clearance of 
unbound iodipamide remained constant over the iodipamide concen- 
tration range studied might lead to the conclusion that the Michaelis- 
Menten constant for the active secretion process was significantly greater 
than the unbound iodipamide concentrations achieved. 


When the extrarenal elimination rate data were plotted against blood 
iodipamide concentrations according to one linearized Michaelis-Menten 
equation (Eq. 3), estimated values of 5.67 pmoles/kg/min and 1529 pM 
were obtained for V ,  and K,, respectively, for Dog A (Fig. 6A). These 
estimates were then used as the initial estimates for the computer fitting7 
of the data to the hyperbolic function of the Michaelis-Menten equation 
using a nonlinear least-squares program6. Values of 3.77 (%CV = 13%) 
pmoles/kg/min and 833 (%CV = 23%) pM were obtained for V ,  and K,, 
respectively. 


Comparison of the V,,, value to the biliary excretory T, reported in- 
dicates an approximately fourfold difference. This difference suggests 
that if the liver is the only eliminating organ besides the kidney, it should 
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Figure 2-Relationship between the steady-state biliary excretion rate 
(Rb) and the steady-state blood concentration (Cb) of iodipamide in 
Dogs A (upper curve) and B (lower curve). 


have a larger capacity to take up iodipamide than to excrete it into the 
bile. Under these conditions, if iodipamide is infused into the dog at  the 
rate greater than that needed to saturate the biliary excretory mechanism, 
iodipamide must accumulate in the liver. 


The V ,  value for the hepatic uptake has been reported to be greater 
than the T, value for biliary excretion for sulfobromophthalein sodium 
(11), indocyanine green (12), and taurocholate (13). These results led 
various investigators to propose that these compounds accumulate within 
the liver when they are infused at  rates greater than those needed to 
saturate the biliary excretory mechanisms (12,14). When iodipamide was 
infused into anethesized dogs at  rates greater than those needed to sat- 
urate the biliary excretion, the data shown in Table 111 were obtained. 
These results clearly showed no accumulation of iodipamide in the liver. 
This discrepancy can partly be explained when one calculates the Mi- 
chaelis-Menten parameters using the unbound iodipamide concentra- 
tion. 


,.ool . 
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Figure 3-Relationship between the steady-state biliary excretion rate 
(Rb) and the steady-state unbound concentration (Cr) of iodipamide 
in Dogs A (upper curue) and B (lower curve). 


2.a 


t 
E 1.5 
cn 
Y 


.- . . 
2 


Y. 1.0 


- 
f" 
$ 
3 
3 


0.5 


500 1000 
cb, f l  


Figure 4-Relationship between the steady-state renal excretion rate 
(dAu/dt) and the steady-state blood concentration (Cb) of iodiparnide 
in Dog A. 


When the extrarenal elimination rate data were plotted against the 
unbound iodipamide concentration according to one linearized Mi- 
chaelis-Menten equation (Eq. 3), a curvilinear relationship was obtained 
(Fig. 6B); it can be interpreted as indicating the existence of more than 
one capacity-limited elimination process. By presuming that two ca- 
pacity-limited processes are occurring, the initial estimates of V,  and 
K, for these two processes were obtained from this plot. These initial 
estimates were then used for the computer fitting7 of the data using a 
nonlinear least-squares program6 according to Eq. 5. 


A V,  value of 0.86 (%CV = 45%) pmole/kg/min was obtained, which 
was comparable to the experimentally determined T, of 1.01 pmoles/ 
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Figure 5-Relationship between the steady-state renal excretion rate 
(dAu/dt) and the steady-state unbound concentration (Cf) of iodi- 
pamide in Dog A. 
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Table 111-Distribution of Iodipamide following a n  Acute 
Infusion to Anesthetized Dogs 4 


3 *  1:: \ ’I 


I \ 


1 


\ 
\ 
\ 
\ 
\ 


A 


\ 
\ 
\ 


\ 
1 


7.5 
I I I .  


2.5 5.0 
R‘ 


6 


R‘ 


Figure 6-A: Relationship between the  steady-state extrarenal elim- 
ination rate (R‘ i n  micromoles per kilogram per minute) and the 
steady-state blood concentration (cb i n  micromolar) of iodipamide in  
Dog A shown as R‘/Cb versus R‘. The broken line is the unweighted linear 
regression. B: Relationship between the steady-state extrarenal elim- 
ination rate (R‘ in micromoles per kilogram per minute) and the 
steady-state unbound concentration (Cf in micromolar) of iodipamide 
shown as R‘ICfversus R’. Key: -, computer-fitted line; and - - -, com- 
puter-resolved linear component. 


kg/min for biliary excretion. The V,, was evaluated to be 10.77 (%CV 
= 443%) pmoles/kg/min, indicating the presence of another elimination 
process with a higher capacity to take up iodipamide than the biliary 
excretion route. However, since it is more difficult to ascertain that steady 
states were achieved following the higher iodipamide infusion rates, the 
value of V,, should be considered only as an approximate estimate. 


Present data analysis, therefore, supports the contention that the 
unbound drug concentration should be used in the calculation of the 
parameters of eliminationfor drugs such as iodipamide with a high degree 
of plasma protein binding and low blood clearance. 


Iodipamide, sulfobromophthalein sodium, and indocyanine green share 
common hepatic uptake binding sites (15,16). It  is particularly important 
to compare iodipamide and indocyanine green, since both are excreted 
in the bile unchanged. However, iodipamide is eliminated to a varying 
degree (depending on the dose) by the kidney, while indocyanine green 
apparently is only eliminated by the liver. While iodipamide has a low 
hepatic extraction ratio (<lo?&), indocyanine green has a high hepatic 
extraction ratio (>SO%) (based on plasma clearance). Klassen and Plaa 
(17) administered indocyanine green to dogs by both intravenous 
bolus and infusion and obtained a T,  value of approximately 20 
nmoles/kg/min. In contrast, a T,  for iodipamide in dogs of about 1.0 
nmole/kg/min was obtained in the present study, about a 50-fold greater 
value. 


Paumgartner (12) showed the V,  for indocyanine green in the rat to 
be 3200 pmoles/kg/min while the T,  for the biliary excretion was 240 


Amount of 
Iodipamide, wmoles Dog 19018 Dog 19213 


Administered 29,181 46,761 
Excreted in bile and urine 11,853 12,828 
In liver 639 903 
In kidneys - 812 
In heart - 118 
In intestines - 1.988 


a 
a 
a 


In blood 2,887 2;556 
Not accounted for 13,802 27,555 


Not determined. 


pmoles/kg/min. Paumgartner also measured the liver concentration of 
indocyanine green in rats and verified that indocyanine green accumu- 
lated in the liver a t  the rate equivalent t o  the V, (12). This result is in 
remarkable contrast to the results obtained in the present study on io- 
dipamide in dogs using the steady-state infusion method wherein no 
accumulation of iodipamide was found in the liver. I t  is possible that these 
two compounds are handled by different mechanisms in the biliary ex- 
cretion. 
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Identification of Urinary Catechol and Methylated 
Catechol Metabolites of Phenytoin in Humans, Monkeys, and 
Dogs by GLC and GLC-Mass Spectrometry 


K. K. MIDHA*=, K. W. HINDMARSH*, 
I. J. McGILVERAY *, and J. K. COOPER * 


Abstract A catechol metabolite, 5-(3,4-dihydroxyphenyl)-5-phen- 
ylhydantoin, and a methylated catechol metabolite, 5-(3-methoxy-4- 
hydroxyphenyl)-5-phenylhydantoin, were identified as urinary metab- 
olites in humans, monkeys, and dogs following the administration of 
phenytoin. These metabolites were separated from each other and from 
other known metabolites of phenytoin as n-butyl derivatives by GLC and 
positively identified by combined GLC-mass spectrometry. 


Keyphrases 0 Phenytoin metabolites-GLC and GLC-mass spectro- 
metric analyses and identification, human, monkey, and dog urine 
Catechol and methylcatechol metabolites-of phenytoin, GLC and 
GLC-mass spectrometric analyses and identification, human, monkey, 
and dog urine C) GLC and GLC-mass spectrometry-analyses and 
identification of phenytoin metabolites in human, monkey, and dog urine 


Anticonvulsants-phenytoin, GLC and GLC-mass spectrometric 
analyses and identification of catechol and methylcatechol metabolites 
in human, monkey, and dog urine 


Phenytoin (I) is a commonly prescribed anticonvulsant 
(1). The metabolism of I was reviewed recently (2-4). The 
presence of a catechol metabolite, 5-(3,4-dihydroxy- 
phenyl)-5-phenylhydatoin (11), in rat urine was suggested 
(5) and later confirmed (6). This metabolite and the 
methylated catechol 5-(3-methoxy-4-hydroxyphenyl)- 
5-phenylhydantoin (111) (7) also were identified in the bile 
from isolated perfused rat liver (8). 


Borga et al. (9) reported the identification of I1 in the 
urine of both rats and humans. However, an on-column 
methylation technique was used and, under these condi- 
tions, I1 and I11 would be converted to the same tetra- 
methyl derivative 1,3-dimethyl-5-(3,4-dimethoxy- 
phenyl)-5-phenylhydantoin. Therefore, the structure of 
the metabolite is tentative and may be I1 as suggested, 111, 
or a mixture of both. 


This report describes the positive identification of these 
two metabolites (I1 and 111) in the urine of humans, mon- 
keys, and dogs. These metabolites were separated from 
each other and from other known metabolites of I as their 
respective n-butyl derivatives by GLC and identified by 
combined GLC-mass spectrometry. 


I: R ,  = R, = H 
11: R, = R = O H  


111: R, = OkH,, R = O H  
IV: R, = H, R = d H  
V: R ,  = OH, k, = H 


EXPERIMENTAL 


Ether' and methylene chloride2 were distilled in glass prior to use. The 
hydrolytic enzyme used was /3-glucuronidase3. Methanolic trimeth- 
ylanilinium hydroxide (0.4 M) was synthesized according to the method 
of Barret (10). Tetraethylammonium hydroxide (0.62 M) and tetra-n- 
butylammonium hydroxide (0.4 M) were synthesized from their re- 
spective substituted ammonium iodides and silver oxide following the 
procedure described by Barret (10). 


A gas chromatograph4 equipped with a metal sleeve injection part and 
flame-ionization detector was employed. The column was coiled glass 
tubing5, 1.8 m x 2.0 mm i.d., packed with 5% methyl phenyl silicone 
containing 75% phenyl silicone6 coated on acid-washed, dimethyldi- 
chlorosilane-treated, 100-120-mesh, high-performance flux-calcined 
diatomite support7. The column was conditioned a t  290" for 18 hr with 
a low nitrogen flow. 


The operating temperatures were: injection port, 350'; column, 260" 
(for methyl and ethyl derivatives) and 280" (for butyl derivatives); and 
detector, 310". The flow rate of the carrier gas (nitrogen) was 65 ml/min. 
Hydrogen and compressed air flow rates were adjusted to give maximum 
response. 


GLC-Mass Spectrometry-GLC-mass spectrometry was carried 
out on a gas chromatographs attached through a jet separator interface 
to a single-focusing mass spectrometerg. The ionization potential was 70 
ev. The GLC column and conditions were the same as for direct GLC. 


Human Studies-A 300-mg dose of phenytoin (3 X 100-mg capsuleslO) 
was administered orally to a healthy 80-kg male volunteer. All urine was 
collected for the first 72 hr and either used immediately or stored at  -15" 
for later analysis. Urine samples were also collected from a 60-kg patient 
receiving 300 mg of phenytoidday (3 X 100-mg capsuleslO). 


Monkey Studies-A 125-mg dose of phenytoin suspension" (5 ml) 
was administered orally (30 mg/kg) to two healthy male Rhesus monkeys 
(Macaca rnulatta), 4.74 and 3.76 kg, by stomach intubation. The animals 
were placed in metabolism cages, and total urine was collected for the 
0-24- and 24-48-hr periods. The urine was stored at -15' prior to ex- 
traction. 


Dog Studies-Phenytoin sodium was administered orally in a gelatin 
capsule to each of two healthy male Labrador dogs, 37.3 and 27.3 kg, a t  
20 mg/kg. The dogs were placed in metabolism cages, and urine collec- 
tions were taken as described for the monkey studies. 


Extraction of Urine-Aliquots of accumulated urine from humans, 
monkeys, or dogs (300 ml), after adjustment to pH 5.0 with 0.2 M sodium 
acetate-acetic acid buffer, were hydrolyzed at  37" for 20 hr following the 
addition of 1 ml of (3-glucuronidase. The hydrolyzed urine samples were 
then extracted on a urine extraction apparatusI2 with 500 ml of methylene 
chloride-ether (11:14) for 24 hr. Extracts were concentrated under vac- 
uum on a rotary evaporator13 to approximately 20 ml using a 40" water 
bath temperature. 


Each concentrated extract was divided into two equal portions in 
polytef-lined screw-capped tubes (15 ml) and evaporated14 to dryness 


Mallinckrodt Chemical Works Ltd., Montreal, Quebec, Canada. 


No. G-0876, Sigma Chemical Co., St. Louis, Mo. 
Model 3920, Perkin-Elmer, Montreal, uebec, Canada. 
Chromatographic Specialities, Brockv$e, Ontario, Canada. 
OV-25, Chromatographic Specialities, Brockville, Ontario, Canada. 
Chromosorb W, Chromato raphic Specialities, Brockville, Ontario, Canada. * Model 990, Perkin-Elmer, bontreal, Quebec, Canada. 
Model RMU-GL, Hitachi Perkin-Elmer. 


lo  Dilantin Kapseals, 100 mg, Parke, Davis and Co., Montreal, Quebec, Cana- 


I 1  Dilantin-125 suspension, Parke, Davis and Co., Montreal, Quebec, Canada. 
l2  Kontes Glass Co., Vineland, N.J. 
l 3  Buchler Instruments, Fort Lee, N.J. 
l4 Thermolyne Dri-Bath, Fisher Scientific Co., Ottawa, Ontario, Canada. 


* Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 
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Figure 1-Gas chromatograms of flash-heater methylated extracts of urine. Key: A,  blank human urine; B, blank human urine spiked with I-V; 
C, urine from a patient receiving I; D, urine from a monkey dosed with I; E, urine from a dog dosed with I; peak I, methylated I; peak I I ,  methylated 
V; and peak III, methylated IV. 
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Figure 2-Normalized electron-impact mass spectrum of the compound giving rise to peak IV (Fig. 1). 


under dry filtered nitrogen. Trimethylanilinium hydroxide (1 ml) was 
added to the first tube, and tetra-n-butylammonium hydroxide (1 ml) 
was added to the second tube. The contents were dissolved by swirling 
on a mixerI5 before injecting 1-2 r l  into the gas chromatograph. 


Aliquots of urine (300 ml) were also hydrolyzed with concentrated 
hydrochloric acid (300 ml) in a boiling water bath for 1 hr. The acid- 
hydrolyzed urine was adjusted to pH 5 with 6 N NaOH and then treated 
in a similar manner to that described for enzyme-hydrolyzed urine. Ali- 
quots of urine (100 ml) were extracted similarly a t  pH 5.0 without prior 
enzymatic or acidic hydrolysis. 


Control urine specimens (200 ml) collected prior to phenytoin ad- 
ministration were hydrolyzed with acid and o-glucuronidase and treated 
in parallel to the conditions described. 


RESULTS AND DISCUSSION 


Flash-heater methylation, with trimethylanilinium hydroxide, of en- 
zymatically hydrolyzed human urine, obtained following phenytoin ad- 
ministration, showed three peaks on GLC (Fig. 1C) that were not present 
in the control urine (Fig. 1A). Previously (11,12), phenytoin (I) and its 
metabolite 5-lp-hydroxyphenyl)-5-phenylhydantoin (IV) were separated 
from each other using this methylation technique. 


Peak I1 (Fig. 1C) had the same GLC retention time (4 min) as the 
methylated synthetic sample of 5-(rn-hydroxyphenyl)-5-phenylhydan- 
toin (V, Fig. 1B, peak 11). Peak I11 (Fig. 1C) had the same retention time 
(4.8 min) as the methylated product of synthetic IV (Fig. lB, peak 111). 
GLC-mass spectrometric analysis of these two peaks indicated that they 
were the trimethylated derivatives with the structures 1,3-dimethy1-5- 


15 Vortex Genie, Fisher Scientific Co., Montreal, Quebec, Canada. (m-methoxyphenyl)-5-phenylhydantoin and 1,3-dimethyl-5-(~- 
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methoxyphenyl)-5-phenylhydantoin. A molecular ion at  mle 310 and 
characteristic ions at  rnle 280,233, 224, 148, and 118 are in agreement 
with two trimethylated structures reported earlier (11-13). 


Peak IV (Fig. lC, Rt 7.2 min) had the same retention time as the 
flash-heater methylated product of synthetic I1 and I11 (Fig. IB, peak 
IV). GLC-mass spectrometric analysis of this peak indicated that it was 
a tetramethylated derivative, 1,3-dimethyl-5-(3,4-dimethoxyphenyl)- 
5-phenylhydantoin. The normalized spectrum (Fig. 2) reveals the pres- 
ence of a molecular ion at mle 340 and other characteristic ions at  rnle 
310,282,281,263, 254, 252, 233, 224,203, 194,178, 148, 118, and 117. 
Formation of these ions is postulated in Schemes 1-111. 


Scheme I depicts the formation of the diagnostic ions mle 310,282,281, 
254, 252, 233, and 224. Scheme I1 indicates that the ion at  rnle 263 is 
formed by the loss of a phenyl radical from the molecular ion. The for- 
mation of this ion suggests that the two methoxy groups are on the same 
benzene ring. Formation of the ion at mle 178 (Scheme 11) appears to be 
the result of cleavage of the imidazolidine ring of the ion at mle 263. Other 
characteristic ions at mle 233, 203, 148, and 118 are rationalized in 
Scheme 11. 


An alternative pathway for the formation of ions at m/e 254 and 224 
is shown in Scheme 111. The ion at  mle 224 in Scheme 111 further frag- 
ments, by the loss of formaldehyde, to give an ion at mle 194 which, in 
turn, loses a phenyl radical to give the ion at rnle 117. 


The GLC analysis of the enzyme-hydrolyzed extracts of monkey and 
dog urine (Figs. 1D and 1E) showed peaks for methylated V and IV and 
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the catechol metabolites (Peak IV). In the dog, V was the major metab- 
olite, in agreement with previously reported findings (12). 


Similar peaks were obtained on GLC analysis of the acid-hydrolyzed 
urine of humans, monkeys, and dogs. However, the amounts of the 
methylated derivatives of V and IV had increased. This increase may be 
due to the decomposition of the 5-(3,4-dihydroxy-l,5-~yclohexadien- 
l-yl)-5-phenylhydantoin, as observed by Chang and Glazko (4). 


To determine whether peak IV (Figs. 1C-1E) was due to I1 or I11 or a 
combination of both, synthetic samples of these metabolites were 
flash-heater butylated on GLC with tetrabutylammonium hydroxide. 


Flash-heater butylation of synthetic I1 and 111, under the experimental 
conditions described, gave two peaks on GLC in each case. Pigure 3B 
shows the separation of these peaks. Peak V (Rt 7 min) was shown by 
GLC-mass spectrometric analysis to be the tributyl monomethylated 
derivative, 1,3-di-n-butyl-5-(3-methoxy-4-n-butoxyphenyl)-5-phe- 
nylhydantoin. Peak VI was due to a dibutyl monomethylated deriva- 
tive. 


I t  appeared from the mass spectrum that either the N-1 or N-3 position 
of the imidazolidine ring was not butylated. Peak VII was the tetrabutyl 
derivative, 1,3-di-n-butyl-5-(3,4-di-n-butoxyphenyl)-5-phenylhydantoin. 
Peak VIII was a tributylated derivative of 11. Several different conditions, 
such as increasing the injection port temperature of the chromatograph 
and adding excess butylating agent, did not result in complete butyla- 
tion. 


Figure 3A shows the chromatogram of the flash-heater butylated urine 
extract obtained after enzymatic hydrolysis from a patient receiving I. 
Comparison of GLC retention times and GLC-mass spectra with those 
of the synthetic butylated metabolites (V, IV, 11, and 111) indicated that 
peak I (R, 4.5 min) was 1,3-di-n-butyl-5-(3-n-butoxyphenyl)-5-phe- 
nylhydantoin. Peak I1 (Rt 4.9 min) was shown to be the incompletely 
butylated product of V. Peak 111 was identified as 1,3-di-n-butyl-5-(4- 
n-butoxyphenyl)-5-phenylhydantoin, and peak IV was due to the in- 
complete butylation of IV. 


The shoulder indicated that peaks V and VI had the same retention 


0 


m/e 353 R = 0-n-C4Hg 
m/e 311: R = OCH, 


times as the completely and incompletely butylated derivatives, re- 
spectively, of 111 (Fig. 3B). Peaks V and VI (Fig. 3A) were collected at  their 
respective retention times on a methyl phenyl silicone column6 from the 
detector end, after extinguishing the flame and rechromatographing on 
columns packed with phenyl methyldimethyl siliconeIfi and cyanopro- 
pylmethyl phenyl methyl siliconeI7, respectively. The retention times 
of the two peaks on these columns corresponded to those of synthetic 111 
when flash-heater butylated. Similarly, the shoulder shown as peaks VII 
and VIII had retention times corresponding with those of the completely 
and incompletely butylated derivatives, respectively, of 11. 


Figures 4 and 5 show the normalized mass spectra of peaks V and VII, 
respectively (Fig. 3A). The mass spectra of these peaks show molecular 
ions at rnle 466 and 508, respectively. Formation of most of the diagnostic 
ions for both derivatized metabolites is proposed in Schemes IV-VII. 


These mass spectra (Figs. 4 and 5) were virtually identical to the 
spectra of completely butylated derivatives of synthetic I11 and 11, re- 
spectively. The molecular ions for both compounds lose C4Hs to give ions 
at m/e 410 and 452. The loss of the C4Hs unit can be rationalized either 
by a McLafferty rearrangement or by a l,4-shift, as shown for ions at mle 
235 and 193 in Scheme VII. 


Ions at  rnle 410 and 452 (Scheme IV) can lose HNCO, as a neutral 
molecule, to give ions at  mle 367 and 409, respectively. The ions at  mle 
367 and 409 may also be formed from the molecular ions by the loss of 
C4H9NC0 as a neutral molecule. The ions at  rnle 311 and 353 (Scheme 
IV) are the result of the loss of C4H8 from ions at  rnle 367 and 409, re- 
spectively. Alternatively, the ion at  mle 452 may lose C4H8 to give an ion 
at  m/e 396 and then, by the loss of HNCO, may go to rnle 353. 


Ions at  mle 389 and 431 (Scheme V) can be formed from their respec- 
tive molecular ions by the loss of a phenyl radical, (cf., ion a t  m/e 263, 
Scheme 11). The occurrence of these and subsequent ions at  rnle 333,375, 
277, and 319 are indicative of the presence of both substituents on one 


16 OV-7, Chromatographic Specialities, Brockville, Ontario, Canada. 
17 OV-225, Chromatographic Specialities, Brockville, Ontario, Canada. 
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m/e 466: R = OCH,, 
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m/e 431 I 


n- C,H,O & 6-N I 1  - n-C& 
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m/e 375: R = O--n-C,H, 
m/e 333: R = OCH,, 


1 -[C,,H,I 


m/e 319: R = 0--n-C,H, 
m/e 277: R = OCH,, 


Scheme V 


aromatic ring. Ions at  rnle 333 and 375 seem to give rise to ions a t  mle 193 
and 235, respectively, by a rearrangement. A rationale for this rear- 
rangement is suggested in Scheme VI. 


m/e 375 or 333 - 


R h - n - c 4 H 9  0 -n-C4H9 


' + '  
'% /' 


m/e 235: R = 0-n-C,H, 
m/e 193: R = OCH, 


t+ 
CH ,CH=CH, 


f 


0 


O-rzn-C,H, 1' 


R$ 


m/e 338. R = 0-n-C,H, 
m/e 296: R = OCH, 


/-[C,Hal 


1' 


HO 


OH 
m/e 282: R = 0-n-C,H, 
m/e 240: R = OCH, 


1 - LGH, 1 


@c=c=o 1' 


HO 4 OH 


m/e 226: R = OH 
m/e 210: R = H 


Scheme VII presents a postulation of the formation of ions at  mle 179 
and 123 observed in the spectrum of the tetrahutylated catechol me- 
tabolite (11). Icns a t  mle 179 and 123 further demonstrate that  the two 
hydroxyl groups are on the same ring. Similarly, the ion a t  mle 137 oh- 
served in the spectrum of the trihutylated derivative of the 3-0-meth- 
ylcatechol metabolite (111) suggests that  the methoxy and hydroxy suh- 


1 1 
0-n-C,H, OH CH30h + CH,=CHCH2CH3 "6 C.J + 2[CH,=CH,] '. , 


m/e 179 m/e 137 


1- [C,H,I 1 - [CH,=O] 


OH OH 


m/e 123 m/e 107 
Scheme VII Scheme VI 
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Figure %--Gas chromatograms of a flash-heater butylated extract 
of urine from a patient receiving I (A) and that of synthetic catechol 
I I  and methylated catechol III  (B). Key: peak V, tributylated mono- 
methylated III;  peak VI, dibutylated monomethylated III;  peak VII, 
tetrabutylated 11; and peak VIII,  tributylated II .  
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stituents are attached to the same ring. Comparison of the retention times 
and mass spectra with those of the authentic butylated metabolites 
demonstrates that peak V was due to the butylated derivative of I11 and 
peak VII was due to the butylated derivative of 11. 


Minute amounts of both of these metabolites were observed in the 
unhydrolyzed urine from humans, monkeys, and dogs. However, the 
amount of each metabolite increased on hydrolysis. Quantitative deter- 
mination of I1 and 111 is under investigation. 


The possible biotransformation pathway for the formation of these 
metabolites (I1 and 111) in humans, monkeys, and dogs is shown in 
Scheme VIII and is in agreement with that suggested by Glazko (2). The 


466 I 


l o o r  5081 


m/e 


Figure 5-Normalized electron-impact mass spectrum of the compound giving rise to peak VII (Fig. 3). 
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dehydrogenation of dihydrodiols to catechols was observed previously 
(14-16). The formation of the methylated catechol from 3,4-catechol may 
be due to the enzyme, catechol 0-methyltransferase, since other catechols 
are known to be methylated uia this enzyme (8,17,18). 


In conclusion, it was demonstrated that the catechol metabolite in 
humans, reported by Borga et al. (9), is a mixture of the catechol Me- 
tabolite I1 and the methylated catechol Metabolite 111. These metabolites 
are also formed in minor amounts in other species such as the monkey 
and dog. 
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Synthesis and Structure-Activity Relationships of 
Selected Isomeric Oxime @Ethers as 
Anticholinergic Agents 


WILLIAM G. HANEY, ROBERT G. BROWN, 
EUGENE I. ISAACSON *, and JAIME N. DELGADO 


Abstract A series of isomeric (2)- and (E)-oxime 0-/3-dimethylami- 
noethyl ether methylhalide derivatives was synthesized, and their (2)- 
and (E)-assignments were made on the basis of chemical and spectral 
data. The respective (2)- and (E)-isomers were evaluated as anticho- 
linergic agents on the rat ileum. The antimuscarinic potencies of the re- 
spective (2)- and (E)-isomers were compared to determine the effect 
upon potency of this type of geometric isomerism. Three general struc- 
ture-activity relationships are discernible among the synthesized com- 
pounds: (a)  among oxime 0-ethers derived from aromatic aldehydes, the 
higher potency consistently resides in the isomer where the aryl sub- 
stituent is ( E )  to the ammonium ether substituent; (b) among oxime 
0-ethers derived from diaryl ketones, the (2)- and (E)-isomers are ap- 
proximately equipotent; and (c) oxime 0-ethers derived from diaryl 
ketones are the most potent of the synthesized compounds. 


Keyphrases 0 Oxime 0-ethers, various-isomers synthesized, anti- 
cholinergic activity of methylhalide salts evaluated on rat ileum 0 0- 
Dimethylaminoethyl oxime ethers, various-isomers synthesized, anti- 
cholinergic activity of methylhalide salts evaluated on rat ileum 0 An- 
ticholinergic activity-valuated on rat ileum for isomers of various oxime 
0-dimethylaminoethyl ethers 0 Structure-activity relationships-iso- 
mers of various oxime 0-dimethylaminoethyl ethers evaluated for anti- 
cholinergic activity on rat ileum 


The parasympathetic postganglionic cholinergic re- 
ceptor site is of considerable interest. In particular, among 
anticholinergics the muscarinic receptor exhibits stereo- 


specificity toward optical isomers, and this stereospeci- 
ficity contributes to a knowledge of the receptor (1). The 
relationship between anticholinergic potency and geo- 
metric isomerism also may be informative, but it has not 
been investigated extensively. Therefore, such an inves- 
tigation was undertaken to determine whether or not the 
receptor was stereospecific toward geometric isomers and 
to yield further information about the receptor. 


Oxime 0-ethers were selected for study since they pos- 
sess anticholinergic activity (2,3) and the oxyimino moiety 
allows the preparation of geometric isomers. 


DISCUSSION 


The ketone oximes were prepared by the method of Lachman and 
Noller (4) (Table I). The method involves the generation of hydroxyl- 
amine from the hydrochloride salt with excess base in the presence of the 
ketone, with water as the solvent for low molecular weight ketones and 
with alcohol for higher molecular weight ketones. The isomer ratios 
produced are easily predicted qualitatively based on the general rule that 
the more nearly equal they are in bulk the more nearly equal will be the 
isomer ratio (5). Thus, the ratio is 8911 (E)-(Z) for acetophenone oxime. 
As can be expected for the diaryl compounds, the isomer ratio is not 
great. 


Separation by fractional crystallization was successful for only one of 
the 3.4-dimethylbenzophenone oxime isomers. Differences in chelating 
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away in the laboratories of pharmaceutical scientists. Each drug profile 
provides useful information and data in the following general areas: de- 
scription, physical properties, synthesis, stability and degradation, me- 
tabolism, analysis (for the drug substance, in its dosage forms, and in 
biological fluids), pharmacokinetics, and literature references. Physical 
properties include IR, NMR, UV, and mass spectral data, melting point, 
solubility data, crystal properties, and pK values where applicable. An- 
alytical methods encompass titrimetry, chromatography, colorimetry, 
spectrophotometry, elemental analysis, and related techniques. 


Each profile is presented in a well-organized and systematic manner. 
Each is introduced by a table of contents, followed in an orderly sequence 
by individual categories of specifications, and concluded by an extensive 
listing of quoted references. This compendium is printed clearly and is 
replete with tables and graphical presentations. Data are readily located 
and concisely presented with only a minimum of descriptive information. 
Maximum utilization is made of the available space. 


This volume brings to a total of 97 the number of drugs for which 
profiles have thus far been prepared, including the 18 in Volume 5. These 
volumes serve well as companion books to the official compendia by 
presenting a wealth of data that supplement and are not duplicative of 
material found in the compendia. As noted in the Forward to Volume 1 
of this series, the delegates to the 1970 meeting of the United States 
Pharmacopeial Convention adopted a resolution that consideration be 
given to the publication of just such a companion compendium. While 
the USPC did not undertake this project, it is worthy of note that a 
number of contributors to this series, including its esteemed editor, are, 
in fact, members of the USP Committee of Revision. 


In view of the fact that  fewer than 100 drug profiles have appeared in 
the first five volumes of this series, and with the mandate for USP XX 
to include all drugs currently official in USP XIX and NF XIV, all drugs 
added in their annual supplements, some 600 nonofficial drugs selected 
by the outgoing Subcommittee on Scope of the USP a t  its final meeting 
in January 1975, and new drugs marketed since that date, it is obvious 
that pharmaceutical scientists have their work cut out for them. It is 
worth repeating here the editor’s invitation that: “All those who have 
found the profiles useful are earnestly requested to contribute a mono- 
graph of their own. The editors stand ready to receive such contribu- 
tions.” Hopefully, there will be an overwhelming response to this invi- 
tation. 


This burgeoning library of “Analytical Profiles” is a must for all who 
are engaged in pharmaceutical research. 


. 


Reuiewed by Martin I. Blake 
College of Pharmacy 
University of Illinois 
Chicago, I L  60612 


Aromatic and Heteroaromatic Chemistry. Vol. 4. A Specialist Pe- 
riodical Report. Edited by C. w. BIRD, G. w. H. CHEESEMAN, 
et al. The Chemical Society, Burlington House, London W1V OBN, 
England, 1976. 513 pp. 14.5 X 22.5 cm. Price f28.00. 
This volume comprises an in-depth review of the literature abstracted 


between July 1974 and June 1975 and covered by volumes 81 and 82 of 
“Chemical Abstracts.” The organization of the report follows the es- 
tablished pattern of previous volumes. 


There are 14 chapters written by 15 international scientists who are 
specialists in their fields. Most of the chapters include an introduction 
indicating the parameters established by the author(s) and the reviews 
on the subject published during the time period. A particularly helpful 
feature is that all literature citations are included as footnotes on the page 
that contains the abstract, thus eliminating the time consuming and 
thought-interrupting process of turning to the end of the chapter when 
a specific reference is desired. Another helpful feature is a complete au- 
thor index. 


The chapter titles include: Ring Systems of Topical Interest, Inter- 
molecular and Intramolecular Cyclization Reactions in Ring Synthesis, 
Cycloaddition Reactions, Ring Transformations, Electrophilic Substi- 
tution on Carbon, Electrophilic Substitution on Heteroatoms, Nucleo- 
philic Substitution, Aromatic Substitution by Free Radicals, Carbenes 
and Nitrenes, Addition Reactions, Ring Cleavage Reactions, Reactions 
of Substituents, Porphyrins and Related Compounds, Naturally Oc- 
curring Oxygen-ring Compounds, and Other Naturally Occurring Com- 
pounds. The volume comprises 513 pages and includes 2750 literature 
citations. 


The book is well illustrated with many chemical structures and reaction 
mechanisms. These illustrations are numbered sequentially and placed 
in close proximity to their text reference, thus affording a free flowing 
continuity which contributes to the overall excellent readability of the 
material. 


This treatise is an extremely well-organized and readable volume and 
should serve to stimulate fresh approaches in the ever more sophisticated 
areas of aromatic and heteroaromatic synthetic chemistry. I t  is recom- 
mended to all chemists who are actively involved in synthetic organic 
chemistry or who wish to be up to date and informed about research ac- 
tivity in aromatic and heteroaromatic chemistry. 


Reviewed by Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, MA 02115 


Handbook of Analysis of Organic Solvents. By VACLAV SEDIVEC 
and JAN FLEK. Halsted, 605 Third Ave., New York, NY 10016,1976. 
455 pp. 16 X 23.5 cm. Price $42.50. 
Within this volume the authors have compiled an extensive aggregate 


of information concerning the chemical and physical properties and the 
analysis of organic solvents. Following a brief discussion of sampling and 
drying techniques, procedures are described for the determination of the 
physical properties and quantitative identification of unknown samples. 
After a presentation of methods for the analysis of two- and three-com- 
ponent mixtures by physicochemical methods, the basics of GC are de- 
scribed using a general procedure. Relative retention times are given for 
many common solvents using six different stationary phases. 


The second part of the book deals with solvents as individual classes 
of organic compounds. The most frequently encountered solvents are 
described in depth, listing synonyms, chemical properties, usual im- 
purities, and azeotropes. Tables containing extensive physical data are 
included. Detection methods, derivatives, and quantitative procedures 
are described in detail with corresponding literature references. Three 
appendixes covering 80 pages include a listing of the boiling points of 
solvents and their azeotropic mixtures, the major physical properties, 
and an alphabetical listing of universally used trade names. 


This handbook represents a valuable accumulation of a myriad of facts 
and procedures which will be of use to the analyst, the chromatographer, 
and the synthetic organic chemist, all of whom frequently require data 
or techniques to utilize or analyze organic solvents. 


Reviewed by Allen L. Jacobs 
Pharmacy and Analytical Research De- 


partment 
Sandoz, Inc. 
East Hanouer, NJ 07936 


The National Formulary and t.he USP  Guide to Select Drugs. Edited 
by W. M. HELLER, G .  K. WURSTER, C. A. DICKIE, and J. W. 
WHEATLEY. U S .  Pharmacopeial Convention, 12601 Twinbrook 
Parkway, Rockville, MD 20852, 1976. 295 pp. 10 X 14.5 cm. Price 
$3.00. 
This convenient pocket-size book is intended to be a companion to the 


official compendia and the USAN Dictionary and is the first compilation 
of its kind subsequent to the consolidation of the USP and NF. Its pur- 
pose is “to highlight those drugs that should receive attention and be used 
as preferred drugs.” 


The book contains an alphabetical list of both generic and brand names 
of effective and useful drugs, with the preferred drugs in boldface type. 
The entries also contain dosage forms and strength; indication of whether 
prescription, nonprescription, or DEA controlled; and the pharmaco- 
logical classification. In addition, there is a cross-index by therapeutic 
classification. 


This book should be useful as a personal prescribing and dispensing 
guide and as a basic list of preferred drugs for health facilities and various 
organizations. 


Staff Reuiew 
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Powder Inhalation Aerosol Studies I: Selection of a 
Suitable Drug Entity for Bronchial Delivery of New Drugs 


Z. T. CHOWHANX and A. A. AMARO 


Abstract Micronized powders of 7-methylsulfinyl-2-xanthone car- 
boxylic acid and its sodium salt with similar particle-size distributions 
were used in formulating powder inhalation aerosol dosage forms. Large 
differences between the two micronized powders were observed in the 
distribution on plates of the air sampler. The micronized powders were 
highly cohesive, the sodium salt being slightly more cohesive than the 
carboxylic acid. The absorption and desorption isotherms obtained at  
23 and 37" indicated considerable moisture uptake following equilibration 
under different relative humidities and the occurrence of hysteresis of 
moisture content for the sodium salt-lactose blend and the empty gelatin 
capsules. The carboxylic acid-lactose blend gained only a small amount 
of moisture. The drug distribution to the lower plates of the air sampler 
from the sodium salt blend was reduced to a negligible amount after 
equilibration at high relative humidities during the moisture absorption 
experiment. There was no significant change in the drug distribution to 
the lower plates of the air sampler for the carboxylic acid-lactose blend 
equilibrated up to 93% relative humidity a t  23' and up to 100% relative 
humidity a t  37' during the moisture absorption experiment. During the 
moisture desorption experiment, essentially no change in the drug dis- 
tribution to the lower plates of the air sampler was observed for the so- 
dium salt blend at 23 and 37" and the carboxylic acid blend at  23'. At 37", 
the drug delivery from the carboxylic acid blend appeared to improve 
during the desorption experiment. These data suggest that studies of this 
nature may be useful in the selection of appropriate drug species for de- 
signing powder aerosol dosage forms during early phases of the drug 
development program. 


Keyphrases 0 Aerosols, powder inhalation-micronized powders of 
substituted 2-xanthonecarboxylic acid and sodium salt, effect of lactose 
concentration, humidity, and temperature 0 2-Xanthonecarboxylic acid, 
substituted-and sodium salt, micronized powders used in formulating 
powder inhalation aerosols, effect of lactose concentration, humidity, 
and temperature Dosage forms-powder inhalation aerosols, mi- 
cronized powders of substituted 2-xanthonecarboxylic acid and sodium 
salt, effect of lactose concentration, humidity, and temperature 0 Pow- 
ders, micronized-substituted 2-xanthonecarboxylic acid and sodium 
salt used in formulating powder inhalation aerosols, effect of lactose 
concentration, humidity, and temperature 


Inhalation aerosols offer a unique drug delivery system 
for the administration of pharmacologically active sub- 
stances in the treatment of bronchial obstructive disorders. 
By delivering drugs directly to the affected organs, rela- 
tively small amounts of very potent medicinal compounds 
may be employed with minimal side effects. The most 
popular dosage forms in this category are pressurized in- 
halation aerosol solutions and suspensions, inhalation 
aerosol solutions, and powder inhalation aerosols. 


BACKGROUND 


The use of fluorocarbon propellants in the preparation of pressurized 
inhalation aerosols has suffered adverse publicity. The major limitation 
of this delivery system, however, lies in the amount of drug that can be 
delivered per actuation. The total drug concentration in solution- and 
suspension-type pressurized systems is limited by the drug solubility in 
the fluorocarbon propellants and by the physical stability of the sus- 
pension. Most fluorocarbon-propelled canisters intended for bronchial 
drug delivery require synchronization of the inhalation and the generation 
of the aerosol cloud during the breathing cycle. In a recent clinical study 
(l), in spite of careful instructions, 14% of the patients used the pres- 
surized device inefficiently. When patients who were unable to inhale 
correctly from a pressurized canister used a breath-actuated powder 
inhalation device, 95.5% had no difficulty (1). 


Continuous liquid aerosol therapy is used widely in the treatment and 
control of obstructive respiratory diseases, particularly cystic fibrosis. 
The output of the liquid aerosol from inhalation aerosol solutions is 
limited by the physicochemical characteristics of drug solubility and 
solution viscosity (2). The evaporation of solvent continually increases 
the concentration of solute in the liquid remaining in the nebulizer. This 
increase, in turn, increases the concentration of airborne solute in the 
useful aerosol and shifts the size distribution of the residual aerosol to 
a larger volume. 


One important factor that determines the site and extent of drug de- 
livery to the respiratory tract is the particle-size distribution of the aerosol 
cloud. For formulating an aerosol suspension in pressurized canisters and 
for designing a powder aerosol dosage form, the drug particles should be 
in a finely divided state. Micronization is generally used to ensure that 
the drug particles are in the desirable particle-size range. The formulation 
of the powder inhalation aerosols of new drug substances requires some 
knowledge of the solid-state properties of the drug. Micronized powders 
of complex organic medicinals are generally cohesive and adhesive. 


The generation of an aerosol cloud comprised of singly dispersed solid 
particles from micronized powders is impossible. In some cases, the 
powder aerosol efficiency is improved by adding diluents. Unfortunately, 
only lactose has been studied and has gained general acceptance. Thus, 
the solid-state properties of the micronized drug substance generally 
control the characteristics of the generated aerosol. If the drug is hygro- 
scopic, it may present additional problems of moisture transfer from the 
atmosphere to the hard gelatin capsule and to the drug in the capsule, 
acting as a sink (3). Unless careful controls are maintained during man- 
ufacturing, packaging, and storage, the net result may be a serious loss 
in the aerosolization efficiency. 


Because of the nature of the powder inhalation aerosol dosage form, 
solid-state properties of the potential drugs may be important in deter- 
mining the site and extent of drug delivery to the tracheobronchial tree. 
A proper choice between an organic acid and a salt, for example, may 
significantly affect the drug delivery characteristics. This investigation 
compared the aerosolization efficiency of 7-methylsulfinyl-2-xanthone 
carboxylic acid (I) and its sodium salt (11) from powder aerosol blends 
containing different ratios of lactose. Relative changes in the aerosoli- 
zation efficiency of drug-lactose blends were monitored following 
equilibration of the powders under various humidity conditions at 23 and 
37'. Comparative information on the aerosolization efficiency and 
changes in the aerosol characteristics as a function of the storage condi- 
tions was obtained. These data, in addition to the comparative absorption 
rates from the alveolar-capillary membranes (4), can be employed to 
select the most appropriate drug entity for designing a powder inhalation 
aerosol dosage form early in the drug development program. 


EXPERIMENTAL 


Materials-Phosphorus pentoxide' (solid), lithium chloride', po- 
tassium acetatel, hydrated magnesium chloride2, hydrated potassium 
carbonate', hydrated magnesium nitrate2, sodium nitrite', sodium 
chloride', potassium chloride', monobasic ammonium phosphate', lead 
nitrate2, and hydrochloric acid' were all analytical reagent grade. Po- 
tassium hydroxide3 and hydrous lactose4 were USP grade. The hard 
gelatin capsules5 were size 2, with a brown cap and opaque brown body. 
The purity of I and IF, as determined by high-pressure liquid chroma- 
tography, was 98.4 and 98.8%, respectively. The loss on drying at  60' 
under vacuum a t  equilibrium was 0.07% for I and 2.2% for 11. 


Methods-Similar conditions were used to micronize7 I and 11. The 


Mallinckrodt Chemical Works, St. Louis, MO 63160. 


Foremost Food Co., Foremost-McKesson, San Francisco, CA 94140. 
Elanco Products Co., Indianapolis, IN 46206. 
Institute of Organic Chemistry, Syntex Research, Palo Alto, Calif. 
Production micronizer, 10.1 cm (4 in.), Jet Pulverizer Co., Palmyra, N.J. 


2 J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 
3 Matheson, Coleman & Bell, Norwood, OH 45212. 
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grind and feed pressures were 30-35 and 35-40 psi, respectively, 
throughout the micronization procedure. Regular grade lactose was 
screeneds through a 200-mesh screen to remove particles smaller than 
75-pm diameter. Samples of the drug-lactose blends were prepared by 
mixing the micronized drug and sieved lactose with a spatula. For the air 
samplerg particle-size distribution studies, blends of drug and lactose 
at different ratios were prepared. Hard gelatin capsules containing 10 
mg of the active compound were made and used in the Andersen impactor 
studies. 


Powder blends containing one part of micronized drug and two parts 
of sieved lactose were used in the relative humidity studies. The powder 
blends were evenly spread and accurately weighed (approximately 1.5 
g) in 6-cm diameter glass petri dishes (bottoms only). Approximately 1.5 
g of empty hard gelatin capsules, separated into caps and bodies, also was 
weighed accurately in 10-cm diameter petri dishes. The accurately 
weighed powder blend samples and empty capsule samples were used 
to monitor the weight changes as a function of the relative humidity. 
Additional samples of the powder blends also were prepared (approxi- 
mately 3 g) in 10-cm diameter petri dishes. Approximately 200 mg of the 
powder blends was sampled following equilibration at  each specific hu- 
midity condition, and capsules containing 10 mg of active compounds 
were immediately prepared and used in the air sampler test. 


For maintaining constant relative humidity conditions at room tem- 
perature and 37', desiccators containing saturated salt solutions were 
employed. The salt solution selections were similar to those used by Bell 
et a / .  (3) (Table I). For the water absorption curve, the samples were 
prepared by drying in desiccators containing phosphorus pentoxide at  
45" until there was no weight loss. The samples were transferred to higher 
humidity conditions after each equilibration. The samples for the water 
desorption curves were prepared by equilibration above water or a salt 
solution at 23 or 37'. These samples were then transferred to lower hu- 
midity conditions after each equilibration. 


The particle-size distribution of the micronized I and I1 was deter- 
mined'o. The electrolyte for the acid was 0.6% HCI, which was equili- 
brated with the micronized powder at room temperature. 2-Propanol 
containing 5% ammonium thiocyanate equilibrated with the micronized 
powder a t  room temperature was used as an electrolyte for the sodium 
salt. The electrolytes were filtered using a 0.45-pm average pore size fil- 
ter". Approximately 2 mg of the micronized powder was suspended in 
50 ml of electrolyte solution using an ultrasonic bathI2, and the suspen- 
sion was suitably diluted and used in the particle-size determination. A 
50-pm aperture tube and a sample volume of 50-pl were used. The in- 
strument was calibrated using 2.02-pm diameter latex particles'O, and 
the mean of three counts was taken. 


Cohesiveness of the micronized powders was measured by a modifi- 
cation of the method introduced by Carr (5). A sonic sifter13 was used in 
the determination of cohesiveness of micronized powders. For the test, 
2 g of the micronized powder was placed on top of a nest of 60-, 120-, and 
200-mesh screens. The sieve assembly was vibrated for 29 sec at  a pulse 
and sift setting of 6. The amount of powder left on each sieve was weighed, 
and the results are expressed by scoring on a scale that allocated cohe- 
siveness points for each 0.1 gas follows: on 60 mesh, 5 points; on 120 mesh, 
2 points; and on 200 mesh, 1 point. 


Figure 1 shows a diagram of the apparatus used for determining the 
particle-size distribution using an air sampling technique. It consisted 
of an air samplerg, a throat assembly'4, an air pump15, and a develop- 
mental inhalation device. The air pump was adjusted to draw 29 f 1 li- 
ters/min of air through the air sampler using a flowmeterI6. 


The cap of the hard gelatin capsule containing the powder blend was 
removed, and the body was inserted into the inhalation device. The in- 
halation device was then attached to the throat adaptor. The whole sys- 
tem was inspected for a tight fit. The pump was operated for 3 sec. Then 
the capsule body was removed and set aside, along with the top, for 
rinsing. Five capsules were emptied in the air sampler one after the other 
using the described procedure. 


The inhalation device, the adaptor, and the capsules were washed with 
0.1% potassium hydroxide solution into a 140-mm glass petri dish bottom. 
The throat and the first two aluminum pieces of the air sampler were 


8 Ro-Tap testing sieve shaker, W. S. Tyler Co., Cleveland, Ohio. 
Model 21-000, Andersen 2000, Salt Lake City, UT 84107. 
Coulter counter model TA, Coulter Electronics, Hialeah, FL 33010. 
Metricel GA-6, Gelman Instrument Co., Ann Arbor, Mich. 


l2 Model 8845-6, Cole-Parmer Instrument Co., Chicago, IL 60648. 
l 3  Model L3P, Allen Bradley Co., Milwaukee, Wis. 
Syntex Research Shop, Palo Alto, Calif. 


' 5  Model 1531-109-G288, Gast Manufacturin Corp., Benton Harbor, Mich. 
Size 5, Roger Gilmont Instruments, Great fleck, NY 11021. 


Table I-Saturated Salt Solutions Used for the Maintenance of a 
Constant Relative Humiditv 


Salt 
Lithium chloride 
Potassium acetate 
Magnesium chloride hexahydrate 
Potassium carbonate1.5HzO 
Ma nesium nitrate hexahydrate 
Sodium nitrite 
Sodium chloride 
Potassium chloride 
Monobasic ammonium phosphate 
Lead nitrate 
Wat,er 


Relative Humidity, 
% 


23' 370 


13 11 
20 20 
33 32 
44 40 
54 50 
65 62 
76 75 
85 82 
93 91 
97 96 


100 100 


rinsed into the next petri dish. Each of the seven glass plates was rinsed 
with 0.1% potassium hydroxide into separate glass petri dish bottoms. 
The aluminum piece below each plate was tapped to collect any adhering 
powder into the corresponding petri dish. The contents of each petri dish 
were transferred to volumetric flasks of appropriate sizes and diluted to 
volume with water. The absorbance of each sample was determined at  
342 pm. The total amount of active compound recovered from each stage 
was calculated and used to determine the fraction of the total on each 
stage. 


RESULTS AND DISCUSSION 


The results of the particle-size distribution of I and I1 micronized 
powders are given as log-probability plots in Fig. 2. Although the parti- 
cle-size distributions were similar, 89% of the mass of the sodium salt was 
smaller than 5-gm diameter compared to the 82% of the mass of the 
carboxylic acid. These differences were also reflected in the mass median 
diameter, 2.5 pm for I1 compared to the 2.9 pm for I. 


The cohesiveness of micronized I equilibrated at 23' with 0,28, and 
93% relative humidities was 75.9,79.6, and 77.9, respectively. The cohe- 
siveness of I1 equilibrated at  23O with 0,28, and 93% relative humidities 
was 83.2,84.1, and 86.7, respectively. The cohesiveness of these powders 
was measured by sifting the powders through the specified screens and 
allocating points on a scale of zero to 100. If all material remained on the 
60-mesh screen, the score would have been 100; it would have been zero 


Figure 1-Schematic representation of the apparatus used in testing 
the delivery of drugs to various stages of the air sampler. 
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Figure 2-Particle-size distributions of the  micronized powders. Key: 
A, I ;  and 0, II. 


if all powder passed through a 200-mesh screen. The intermediate results 
provide a suitable measure of the cohesiveness by relating it to the 
amount of energy spent in pulling apart the aggregates in a specified 
time. 


These results are means of three experiments and indicate that both 
powders are highly cohesive, I1 being more cohesive than I at all relative 
humidities. The cohesiveness of the powders did not increase significantly 
as a function of the relative humidity, perhaps because both powders gave 
a relatively high score for cohesiveness after equilibration at  0% relative 
humidity. 


Lactose was added to the micronized drugs to improve aerosolization 
properties by breaking up the cohesive bonds of the drug particles. Pre- 
liminary studies suggested that the lactose particles retained on a 200- 
mesh screen resulted in optimized aerosol properties. Microscopic ex- 
amination of the lactose particles retained on a 200-mesh screen indicated 
no cohesion of lactose particles. It was not possible to test the cohesiveness 
of the mixture of micronized drug and coarse lactose particles. For testing 
cohesiveness by the described method, the particles of the powder mix- 
tures must be smaller than the smallest screen size (200 mesh) used. 


Figure 3 shows the delivery of I and I1 to the inhalation device, throat, 
and stages 1-7 of the air sampler from a mixture of 10 mg of drug and 20 
mg of lactose. Indirect means of particle-size measurements such as im- 
paction should be used for simulating powder inhalation aerosols, because 
the deposition of aerosol particles in the respiratory tract involves 
mechanisms such as inertial impaction, gravitational sedimentation, and 
Brownian diffusion. Impaction devices provide one simple method of 
determining activity distribution in terms of the aerodynamic diameter. 
The aerodynamic diameter is the diameter of a sphere of unit density 
having the same settling velocity as the particles in question, regardless 
of their shape and density. Thus, a small particle of high density has the 
same aerodynamic diameter as a large particle of lower density. 


The impaction devicesg, like other similar devices, provide an in uitro 
model for the human lungs and have obvious similarities in its ability to 
separate particles of different sizes. A t  each stage of the impactor, air 
impinges upon a glass-collecting surface and is deflected through 90°. 
Particles with sufficient inertia are thrown out of the air stream onto a 
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Figure 3-Distribution of  drug to stages of the  air sampler under am- 
bient conditions. Stage A represents the  amount remaining i n  the 
capsule plus the amount impacted in the  inhalation device. Stage T 
represents the  amount impacted on the  throat plus the amount im- 
pacted on stage zero. Key: A, II; and 0, I.  


collecting surface. By decreasing the jet width, the air velocity through 
the jet becomes progressively larger so that each stage collects smaller 
particles than the preceding stage. The calibration of the instrument was 
carried out using spherical particles of carnauba wax. 


The particles retained on each stage corresponded to a narrow size 
distribution. Stages 4-7 corresponded to particles smaller than 5.5-pm 
aerodynamic diameter. According to the air sampler modelg, these par- 
ticles are deposited in the trachea, bronchi, and alveoli, depending upon 
the size. In the treatment of bronchial obstructive disorders, the powder 
aerosol should deliver particles to the tracheobronchial tree. The effi- 
ciency of delivering drug particles to stages 4-7 of the air sampler would 
be expected to serve as a good index of what is expected in uivo. 


The data in Fig. 3 indicate that the delivery of the drug to stages 4-7 
from the 11-lactose blend was considerably lower than from the I-lactose 
blend (1.4% from I1 compared to 18.8% from I). This result could not be 
predicted based on the particle-size distribution data (Fig. 21, but it is 
not surprising since the particle-size distribution represents the size 
distribution of singly dispersed particles. The micronized powders of 
organic medicinals, however, do not generate aerosol clouds of singly 
dispersed particles because of the cohesive nature of the powders. The 
test used for measuring cohesiveness did not distinctly separate the large 
differences between the two powders seen in the air sampler study. Al- 
though micronized I1 appeared to be more cohesive than micronized I, 
the differences were small. 


The results of the effect of various drug to lactose ratios on the percent 
drug impacted on stages 4-7 are given in Fig. 4. The drug delivery from 
the I1 blend was only improved when the powder mixture contained 10 
mg of drug and 40 mg of lactose. A considerable increase in the percent 
drug delivery from the I blend was produced by adding lactose to the 
formulation. Although some differences in the cohesiveness of the I and 
I1 powders were observed, the test measuring cohesiveness was not sen- 
sitive enough to explain fully the large differences in the particle-size 
distribution. 


These results clearly suggest that I1 would deliver a small fraction of 
the dose to the tracheobronchial tree compared to I and thus would not 
provide a suitable drug entity for a powder inhalation aerosol drug de- 
livery system. However, I would be an appropriate drug entity for such 
a system and should deliver around 10% of the dose to the tracheobron- 
chial tree. 


Another aspect that should be thoroughly investigated during the 
initial stages of the development of a powder inhalation aerosol dosage 
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Figure 4-Effect of drug-lactose ratio on the percent drug impacted 
on stages 4-7. Key: A, I; and 0,  II. 


form relates to the physical stability of the powder with regard to the 
generation of an aerosol cloud. If the dosage form utilizes hard gelatin 
capsules, moisture exchange characteristics between the gelatin capsules 
and the powder should be evaluated carefully. Moisture could be gained 
or lost by pharmaceutical powders in contact with hard gelatin capsules 
(6). Bell et al. ( 3 )  reported that moisture transfer occurred from hard 
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Figure 5-Absorption and desorption isotherms at 23". Key: 0 and 0, 
empty hard gelatin capsules; V and V, II; and A and A,  I .  Open symbols 
represent absorption isotherms; closed symbols represent desorption 
isotherms. 
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Figure 6-Absorption and desorption isotherms at 37'. Key: 0 and 0, 
empty hard gelatin capsules; A and A, II; and v and 'I, I .  Open symbols 
represent absorption isotherms; closed symbols represent desorption 
isotherms. 


gelatin capsules to cromolyn sodium-lactose blends at elevated tem- 
perature during shelf tests, even if the materials were equilibrated pre- 
viously at  the same relative humidity. 


Figure 5 gives the results of the absorption and desorption isotherms 
for hard gelatin capsules and for the blends of I and I1 (one part drug and 
two parts lactose) a t  23O. These data indicate that the I blend absorbed 
only a small amount of moisture up to almost 93% relative humidity. A t  
100% relative humidity, the total amount of water absorbed was 1.5%. 
The absorption and desorption isotherms were essentially the same. 
However, the empty gelatin capsules absorbed a considerable amount 
of water, depending upon the relative humidity. Since the powder blend 
of I did not absorb significant moisture, the moisture transfer effects from 
the capsule wall to the powder blend would be minimal, even at high 
humidities. The I1 blend however, absorbed a considerable amount of 
water, depending on the relative humidity. 


The absorption and desorption isotherms of the I1 blend and the empty 
gelatin capsules suggest the occurrence of hysteresis of the moisture 
content. The existence of a hysteresis loop for the capsules confirms 
earlier work (3). Hysteresis loops have been reported for other pharma- 
ceuticals including cromolyn sodium (3), pentobarbital sodium, baci- 
tracin, casein, corn starch, and aluminum magnesium silicate (7). Based 
on previous observations (3), one might predict that moisture transfer 
would occur from the hard gelatin capsule to the I1 blend even if the 
materials were equilibrated previously. These results suggest that the 
aerosolization efficiency of the I1 blend would decrease considerably as 
a result of the moisture transfer effects. 


Figure 6 gives the results of the absorption and desorption isotherms 
for hard gelatin capsules and for the powder blends of I and I1 at  37'. No 
noticeable differences at 37" were seen in the absorption and desorption 
isotherms of the I blend. The percent moisture absorbed by the I1 blend 
was lower a t  37', and the absorption and desorption isotherms showed 
only a small hysteresis of moisture. 


The results of the percent drug impacted on stages 4-7 of the air 
sampler as a function of the relative humidity during the moisture ab- 
sorption experiment from the powder blends of I and I1 at 23 and 37' are 
given in Fig. 7. Drug delivery from the I powder blend equilibrated under 
various relative humidities a t  23 and 37' remained essentially similar. 
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Figure 7-Percent drug delivery to stages 4-7 as a function of the rel- 
ative humidity during the moisture absorption experiment, Key: A,  I 
at 23'; V, I at 37O; 0,  I I  at 23"; and 0, I I  at 37'. 


Some decrease in drug delivery was observed from the powder>blends 
equilibrated at  23' under 100% relative humidity. The already low de- 
livery of the I1 blend showed a considerable decrease after equilibration 
at higher humidities. 


Similar data were obtained during the moisture desorption experiment 
for I and 11 blends (Fig. 8). Drug delivery remained essentially zero when 
the I1 blends, which were equilibrated under 100 or 91% relative humidity 
a t  23 and 37", were gradually equilibrated a t  lower humidities. At 2 3 O ,  
the drug delivery from the I blend initially equilibrated a t  100% relative 
humidity did not improve during the moisture desorption experiment. 
Samples of the I blend initially equilibrated under 91% relative humidity 
a t  37" showed some improvement in the air sampler delivery a t  lower 
humidities during the moisture desorption experiment. These results 
suggest that the reduction of the drug delivery from the I blend caused 
by moisture uptake at  91% relative humidity can be reversed by storing 
the powder blend at  slightly elevated temperature. 


Each data point in Figs. 3,4,7, and 8 represents the mean of five cap- 
sules emptied one after the other in the air sampler. The variability from 
test to test was small due to our interest in the sum of the drug impacted 
on stages 4-7 of the air sampler. The data in Figs. 7 and 8 showing the 
effect of two temperatures and various relative humidities on aerosol 
properties of the drug-lactose mixtures illustrate the good reproducibility 
of the test method. 


In summary, the results demonstrate the importance of the selection 
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Figure 8-Percent drug delivery to stages 4-7as a function oithe rel- 
ative humidity during the moisture desorption experiment. Key: A, I 
at 23'; V, I at 37'; 0, II at 23'; and 0, I I  at 37'. 


of the proper drug entity in designing powder inhalation aerosol dosage 
forms. The usefulness of such studies a t  an early stage of the drug de- 
velopment program cannot be overemphasized. 
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Factors Influencing Comparative Bioavailability of 
Spironolactone Tablets 


J. M. CLARKE x, L. E. RAMSAY *, J. R. SHELTON, 
M. J. TIDD*, S. MURRAY, and R. F. PALMER 


Abstract 0 The bioavailability of spironolactone from 10 tablet for- 
mulations, selected to provide a wide range of specifications and in uitro 
dissolution rates, was assessed from the plasma and urinary levels of its 
major unconjugated metabolite, canrenone, in a study of balanced in- 
complete block design using 11 healthy subjects. significant but weak 
correlations existed between the amount of spironolactone in solution 
a t  40 min in uitro and the area under the plasma concentration-time 
curve for canrenone and urinary canrenone excretion. The correlations 
between in uitro dissolution and bioavailability parameters appeared 
to be weakened by two tablet formulations, one with dibasic calcium 
phosphate as the principal excipient and the other formulated from mi- 
cronized spironolactone bulk drug. Measurement of in oitro dissolution 
of spironolactone tablets is of value for quality control purposes, provided 
no major alteration is made in the formulation. 


Keyphrases 0 Spironolactone-bioavailability in humans related to 
in uitro dissolution, various tablet formulations compared 0 Bioavail- 
ability-spironolactone in humans, related to in uitro dissolution, various 
tablet formulations compared 0 Dissolution, in uitro-spironolactone, 
related to human bioavailability, various tahlet formulations compared 


Diuretics-spironolactone, bioavailability in humans related to in uitro 
dissolution, various tablet formulations compared 


Spironolactone’, a synthetic steroid lactone having 
properties compatible with specific competitive antago- 
nism of aldosterone and other mineralocorticoids (1-3), 
is of clinical value in the treatment of congestive heart 
failure, hepatic ascites, primary aldosteronism, and es- 
sential hypertension (4). The original tablet formulation 
of spironolactone had incomplete bioavailability, and re- 


Aldactone, G .  I). Searle & Co 


formulation yielded a tablet that proved to be fourfold 
superior with regard to plasma levels of the principal un- 
conjugated metabolite (canrenone) (&8), pharmacological 
activity (9, lo), and therapeutic efficacy (8). 


It was suggested that the spironolactone absorption was 
limited by its dissolution rate, and some evidence indicated 
that the improved bioavailability of the new formulation 
could be related to more rapid in uitro dissolution ( 1 1 ) .  The 
new formulation of spironolactone (25-mg tablets) is still 
used, and little has been published on spironolactone 
bioavailability in recent years. 


A new 100-mg spironolactone tablet was shown to be 
bioequivalent to four 25-mg tablets (1 2). Spironolactone 
was included in the long list of drugs for which more in- 
formation on bioavailability is considered desirable (13, 
14). 


This paper presents the comparative bioavailability of 
10 tablet formulations of spironolactone. The objective of 
the study was to determine whether dissolution in vitro is 
of value in predicting in viuo bioavailability and which 
factors in tablet specification may be important to bio- 
availability. 


EXPERIMENTAL 


Formulations-Three experimental and seven production batch 
tablets were studied. All tablets were chemically equivalent inasmuch 
as they all complied with the BP  monograph requirements for spirono- 
lactone. The tablets were selected specifically to provide the wide range 
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Table I-Properties of the 10 Spironolactone Tablet  Formulations Tested 
Tablet 


Property A B C  D E F G H  I J 
Weight of spironolactone per tablet, mg 25 25 25 100 100 100 100 25 50 100 
Weight of tablet, mg 266 266 266 292 664 664 664 664 185 430 


Site of manufacture of tablet 4 4 3 1 3 4 4 5 6 6 


Chemical treatmentb U U U  U U U U U M U  
In  uitro dissolution, %, at: 


10 min 26 44 40 4 36 19 25 71 21 33 
20 min 42 86 48 12 64 42 50 87 57 48 
40 min 51 95 61 23 76 57 65 93 71 59 


0 Excipients were calcium sulfate dihydrate (I ) ,  dibasic calcium phosphate (II), and lactose (111). 


Source of spironolactone bulk drug 5 1 3 1 2 4 4 3 7 7 


Principal excipient" I I I I1 I I I I 111 111 


M = micronized, and U = nonmicronized. 
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of specifications and in uitro dissolution properties shown in Table I. 
They were classified by weight of spironolactone per tablet (three cate- 
gories), weight of tablet (five categories), sites of manufacture of chemical 
(six sites) and of tablets (five sites), principal excipient (three categories), 
and particle size (micronized or nonmicronized). 


The bioavailability of Tablets B and D was tested in separate studies. 
Tablet D, a 100-mg tablet, had surprisingly high bioavailability consid- 
ering its very slow in uitro dissolution (Table I) (15) and was included 
in the present study for this reason. The sparing solubility of the drug, 
which led to the original bioavailability problem ( l l ) ,  also precluded 
development of an intravenous formulation. In addition to the 10 tablet 
formulations, an oral spironolactone solution was included for be- 
tween-study quality control purposes. Since the spironolactone dose in 
the solution was lower than that of the tablets, the results for the solution 
are not relevant to the main study and are not presented. 


Dissolution Rate-The dissolution rates of the 10 tablet formulations 
were determined by a rotating-paddle method. Five liters of USP gastric 
juice without enzymes was equilibrated to 37O in a three-necked, 
round-bottom flask. The polytef paddle (132 X 24 mm) was immersed 
to 2 cm from the bottom of the flask and rotated a t  100 rpm. 


The amount of drug dissolved from tablets placed at the bottom of the 
flask was determined from samples removed at 10,20, and 40 min. After 
removal, the solution was filtered and spironolactone was determined 
spectrophotometrically using a standard solution of spironolactone USP 
as the reference. The percentage dissolution of spironolactone from the 
10 tablet formulations a t  the three sampling times is shown in Table I. 


Subjects and Study Design-Eleven male subjects, 21-56 years old, 
were judged healthy after a medical history, physical examination, and 
biochemical and hematological screen; they gave informed consent to the 
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Figure 1-Plot of AUC for canrenone versus 40-min dissolution in 
vitro. 


study. The design was a balanced incomplete block termed a Youden 
square (16), with the 11 subjects each taking six of the 11 treatments (10 
tablet treatments and one solution) on a single occasion. The six study 
phases were each separated by an interval of 1 week. 


Procedure-The treatments were given with 250 ml of water a t  9:00 
am following an overnight fast, and the subjects continued fasting for 4 
hr after treatment. The dose of the spironolactone tablets was 100 mg 
as one 100-mg tablet, two 50-mg tablets, or four 25-mg tablets. Venous 
blood was taken before treatment (for measurement of blank values), at 
nine timed sampling points in the 6 hr after treatment, and then a t  12, 
24,36,48,72, and 96 hr. Urine was collected for 96 hr. 


Blood samples were placed in heparin lithium anticoagulant and 
centrifuged within 1 hr, and the separated plasma was stored at -20" 
until assay. Aliquots of urine were also stored at -20". The samples were 
stable over the analysis period as judged by quality control samples of 
plasma stored under similar conditions at known levels and assayed with 
each batch of clinical samples. The subjects abstained from alcohol during 
sampling periods, and all other medication was prohibited throughout 
the study. The subjects were ambulant and followed their normal diet 
apart from the periods of fasting. 


Analytical-Spironolactone itself does not appear in plasma or urine 
in measurable quantities; bioavailability was assessed from the levels of 
its principal unconjugated metabolite, canrenone, in plasma and urine. 
Canrenone was measured by the fluorometric method of Gochman and 
Gantt (17). The mean recovery of canrenone from plasma was 75% (range 
of 62-81%); from urine, it was 98% (range of 93-10W). 


From three quality control samples included with the plasma assays, 
the mean coefficient of variation between batches was 12%. For the urine 
assay, the between-batch coefficient of variation was 5% (mean for two 
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Figure 2-Plot of mean 96-hr urinary canrenone excretion versus 
4Qrnin dissolution in vitro. 


1430 /Journal of Pharmaceutical Sciences 







Table 11-Adjusted Mean Results for  the Bioavailability Parameters  a f t e r  Administration of 100 mg of Spironolactone in  10 Different 
Tablet  Formulations 


Tahlet, 


Parameter A B C D E F G H I J P a  
Peak plasma canrenone, gg/lOO ml 13.1 24.9 16.7 20.0 23.7 17.5 20.2 27.1 29.0 16.6 <0.01 


Time to peak canrenone level, hr 3.3 4.0 3.4 2.7 2.6 2.6 3.8 3.0 3.1 3.8 NS 


96-hrAUCforcanrenone,pdlOOmlX hr 267 478 332 338 349 296 341 420 465 373 <0.05 


(2.2)* (6.7) (3.5) (4.2) (17.4) (3.4) (5.6) (12.6) (7.7) (6.6) 


(0.8) (1.4) (1.2) (1.0) (0.8) (0.8) (1.1) (1.0) (1.2) (1.3) 


(113) (214) (241) (55) (193) (106) (219) (102) (378) (272) 


(1031) (1279) (1417) (963) (1263) (1169) (1468) (1605) (1860) (1078) 
96-hr urinary canrenone excretion, pg 2960 5484 4608 3385 3536 3721 3769 4366 5105 3747 <0.01 


40-min dissolution, % 51 95 61 23 76 57 65 93 71 59 - 


The p values for significance of the differences between the 10 tablet formulations. * Figures in parentheses are unadjusted standard deviations with n = 6. 


quality control samples). The mean f SD of all plasma blank values was 
0.63 f 0.44 pg/100 ml. The plasma blank values did not differ significantly 
between the six study phases or between the 11 treatments, indicating 
that the 1-week interval between treatments was adequate and that the 
blank values had not biased the comparison of the treatments. 


Statistical-The parameters of bioavailability analyzed were the peak 
plasma canrenone level, the time to peak, the area under the plasma 
concentration-time curve for canrenone from 0 to 96 hr (AUC for can- 
renone), and the total urinary excretion of canrenone over 96 hr. Since 
plasma canrenone levels often reached the lower limit of assay sensitivity 
before a terminal log-linear phase of the canrenone concentration-time 
curve was reached, the AUC values were not extrapolated to infinity. The 
A UC for canrenone, calculated by the trapezoidal method, therefore 
represents the average plasma canrenone level to the finite time of 96 
hr. 


The differences between the 10 tablet formulations were investigated 
by the analysis of variance appropriate to the Youden square design (16). 
Relationships between in uiuo and in uitro measurements were examined 
by product-moment correlations, and the significance levels given are 
for two-tailed tests. The mean results of the parameters of bioavailability 
for each formulation were adjusted for differences between subjects 
(16). 


RESULTS 


The adjusted mean (and standard deviation) results of the parameters 
of bioavailability for the 10 tablet formulations are shown in Table 11. 
The 10 formulations differed significantly regarding peak plasma levels 
of canrenone qp < 0.01), the AUC for canrenone ( p  < 0.051, and urinary 
canrenone excretion ( p  < 0.01) but not regarding the time to reach peak 
canrenone levels. 


Bioavailability Parameters  Related to  In Vitro Dissolution- 
There were no significant correlations between the amount of spirono- 
lactone in solution at  10 min and the bioavailability parameters. The 
results for spironolactone dissolution at  20 and 40 min were very similar, 
and only the 40-min dissolution data will be presented (Table 111). 


The amount of spironolactone in solution a t  40 min correlated signif- 
icantly with the AUC for canrenone (r = +0.66, p < 0.05, Fig. 1) and with 
urinary canrenone excretion (r = t0.65, p < 0.05, Fig. 2). The correlation 
of 40-min dissolution with peak canrenone levels approached significance 
( r  = +0.61, p < 0.1, Fig. 31, but that  with the time to peak plasma can- 
renone ( r  = +0.33) was not significant (p > 0.1). 


In Fig. 3 and, to a lesser extent, in Fig. 1, it can be seen that the corre- 
lations are improved if two of the 10 formulations, Tablets D and I, are 
excluded. There was a suggestion that these two formulations gave peak 
canrenone levels and A UC values for canrenone that are relatively high 
for a given dissolution. Examination of Table I shows that Tablets D and 


Table 111-Correlations of t he  Amount of Spironolactone in  
Solution at 40 rnin with the Bioavailability Parameters  for  All 
10 Spironolactone Tablets ( n  = 10) and Excluding t h e  Results 
for Tablets D and  I ( n  = 8) 


n = 10 n = 8  
40-min Dissolution uersus r P r P 


Peak plasma canrenone +0.61 <0.1 +0.95 <0.001 
Time to peak canrenone +0.33 NS" +0.13 NS 
96-hr AUC for canrenone +0.66 <0.05 +0.90 <0.005 
96-hr urinary canrenone excretion +0.65 <0.05 +0.72 <0.05 


NS = p > 0.1. 


I were unique with regard to tablet weight, and Tablet I was also different 
with respect to the amount of spironolactone per tablet (50 mg). These 
variables did not appear to influence the relationship between in uitro 
dissolution and bioavailability for the other tablet formulations and are 
not considered to be the most probable causes of the findings. Tablet D 
was the only formulation with dibasic calcium phosphate as its principal 
excipient, and Tablet I was the only one formulated from micronized 
spironolactone bulk drug; these factors may be responsible for the dif- 
ferent behavior of these formulations. 


Recalculation of the correlation coefficients excluding the results for 
Tablets D and I (Table 111) showed high correlations of the 40-min dis- 
solution with the AUC for canrenone ( r  = +0.90) and peak canrenone 
level ( r  = +0.95) and a moderate correlation with urinary canrenone 
excretion (r = +0.72). There was still no correlation with the time to reach 
peak plasma canrenone concentration. 


Variability between Subjects in Bioavailability Parameters-In 
Table IV the range of adjusted mean results observed between the 10 
tablet formulations is compared to the range of adjusted mean results 
between the 11 subjects. The variability between subjects at least equaled 
that between formulations for each parameter. For the AUC for canre- 
none, the intersubject differences were considerably greater than the 
differences between formulations. 


DISCUSSION 


The marked and significant differences between the 10 tablets with 
regard to the AUC for canrenone in plasma and the urinary excretion of 
canrenone indicate that the total amount of spironolactone absorbed from 
different formulations may vary greatly. The adjusted mean 96-hr ALJC 
for canrenone for the different formulations ranged from 267 to 478 pg/dl 
hr. Such a wide range was not observed among spironolactone tablets 
actually released for marketing; the formulations tested in this study were 
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Figure %-plot of mean peak plasma canrenone concentration versus 
40-min dissolution in vitro. 
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Table IV-Range of Adjusted Mean Results Observed 
Comparing the Variability between 10 Spironolactone 
Formulations with the Variability between 11 Subjects 


Range of Observations 


Between Between 
Parameter Formulations Subjects 


Peak plasma canrenone, pgldl 13.1-29.0 14.7-31.7 
Time to peak canrenone, hr 2.6-4.0 2.4-4.4 
96-hr AUC for canrenone, pgldl 267-478 231-878 


96-hr urinary canrenone 2960-5484 2422-5119 
hr 


excretion, pg 


selected specifically to provide variability and included three experi- 
mental preparations. In addition, the in uitro dissolution parameters of 
spironolactone tablets were already in use for quality control purposes 
prior to this study on a purely empirical basis. The present study shows 
that spironolactone bioavailability is potentially very variable, and as 
discussed below, gives some guidance as to how this variability can be 
controlled. 


The present results confirm the suggestion of Levy (11) that the 
amount of spironolactone absorbed from tablet formulations is related 
to their dissolution characteristics. No such correlation was found in the 
earlier study of Tidd et al. (15), but this result is not surprising in view 
of the design of that study and the number and range of the formulations 
examined. In the present study, there were significant correlations of the 
amount of spironolactone in solution at 40 min in uitro with the A UC for 
canrenone and with urinary canrenone excretion and a similar trend with 
the peak plasma canrenone concentration. The range of times to reach 
peak canrenone levels was small, and the differences between the for- 
mulations were not significant. These results may account for the fact 
that the in uitro dissolution did not correlate with the time to reach peak 
canrenone levels, the parameter expected to relate most closely to the 
absorption rate of spironolactone. 


The correlat.ion between in uitro dissolution and the AUC for canre- 
none is important in confirming that spironolactone bioavailability is 
dissolution related (11), but it leaves a lot to be desired from the practical 
point of view. Ideally, such a correlation should be robust, so that the 
relationship holds despite even major alterations in tablet specification, 
and should have a coefficient high enough to allow reasonably accurate 
prediction of in uiuo properties from the in uitro dissolution profile (18). 
With the results for all 10 formulations, the correlations observed fell 
short of these criteria. From the correlation coefficient for 40-min dis- 
solution uersus the AUC for canrenone ( r  = +0.66), it can he calculated 
that only 44% ( r2  X 100) of the variability in the AUC for canrenone be- 
tween formulations could be attributed to differences in 40-min disso- 
lution. Although the observed correlation is probably an underestimate 
of the true correlation due to the experimental errors in the observed 
values of 40-min dissolution and particularly the mean AUC, part of the 
variability in the A UC values between formulations probably must be 
attributed to factors other than in u i f ro  dissolution, as measured in the 
present study. 


Inspection of the data gives some information suggesting the nature 
of these other factors and also suggests that  the correlations between in 
uitro dissolution and in uiuo parameters may he of value for quality 
control purposes. Certain factors in tablet specification had little or no 
influence on bioavailability independent of any effect on in uitro disso- 
lution, including the weight of the tablet, the site of manufacture of 
spironolactone bulk drug, and the site of manufacture of the tablet. 
Similarly, the weight of spironolactone per tablet did not appear to in- 
fluence bioavailability, supporting a previous report that  four 25-mg 
tablets and one 100-mg tablet of spironolactone were bioequivalent 
(12). 


However, two tablet formulations may have weakened what was oth- 
erwise a high correlation between in uitro dissolution and the AUC for 
canrenone. These findings may be attributed to a difference in the 
principal excipient for one tablet and to micronization of the spirono- 
lactone bulk drug in the other, although other factors in these formula- 
tions could equally be responsible. In any event, the results for these 
formulations indicate that the correlation between in tlitro dissolution 
and bioavailability is not impervious to all changes in tablet specification. 
When the results for these formulations were excluded, the correlations 
of 40-min dissolution with the AUC for canrenone and the peak plasma 
canrenone concentration were considerably improved. Therefore, the 


in uitro dissolution of spironolactone tablets is likely to have value as a 
quality control procedure, particularly when there are no major changes 
in tablet specification. When the specifications are altered, for example 
by changing the particle size or a major excipient, reevaluation of the 
hioavailability by an in uiuo study would be desirable. 


The two tablets (D and I) that appeared to deviate from the relation- 
ship between in uitro dissolution and in uiuo bioavailability are of in- 
terest. Formulation D was remarkable in having high bioavailability 
despite its extremely low in uitro dissolution (23% spironolactone in so- 
lution a t  40 min). For some reason, the dissolution of this tablet in the 
GI tract may be more rapid than its in uitro dissolution. The high bio- 
availability of Tablet I may he attributed to micronization of the spiro- 
nolactone bulk drug. Reduction in particle size has been shown to improve 
the bioavailability of other compounds with low water solubility, such 
as griseofulvin (19) and digoxin (20), and a similar effect from microni- 
zation previously was suggested for spironolactone (7). However, re- 
duction in particle size would be expected to increase bioavailability 
through an increase in the dissolution rate of the drug (18). and i t  is not 
clear why the bioavailability of the micronized spironolactone tablet was 
higher than would be predicted from the in uitro dissolution rate. 


REFERENCES 


(1) C. M. Kagawa, J. A. Cella, and C. G. Van Arman, Science, 126, 


(2) C. M. Kagawa, Endocrinology, 67,125 (1960). 
(3) V. A. Drill, Jpn .  J. Pharmacol., II,77 (1962). 
(4) A. Manitius and T. Suchecki, Mater. Med. Pol., 4,83 (1972). 
(5) C. L. Gantt, N. Gochman, and J. M. Dyniewicz, Lancet, 1.486 


(6) Ibid., 1,1130 (1962). 
(7) G. Bauer, P. Rieckmann, and W. Schaumann, Arzneim-Forsch., 


(8) S. Shaldon, 6. A. Ryder, and M. Garsenstein, Gut, 4,16 (1963). 
(9) P. R. Noel and J. S. Leahy, Clin. Sci., 23,477 (1962). 


(10) C. L. Gantt and J. M. Dyniewicz, Metab. Clin. Erp., 12, 1007 


(11) G .  Levy, Lancet, 2,723 (1962). 
(12) L. M. Hofmann, J. E. Dutt, L. G. Deysach, H. Loncin, and L. Tao, 


(13) R. N. Smith, Br. J .  Clin. Pharmacol., 2 ,5  (1975). 
(14) D. <J. Chodos and A. R. Di Santo, “Basics of Bioavailability,” The 


Upjohn Co., Kalamazoo, Mich., 1973. 
(15) M. J. Tidd, W. T. Collins, and J. Chamberlain, J .  Int. Med. Res., 


4,86 (1976). 
(16) W. G. Cochran and G .  M. Cox, “Experimental Designs,” 2nd ed., 


Wiley, New York, N.Y., 1957, p. 507. 
(17) N. Gochman and C. L. Gantt, J .  Pharmacol. Exp. Ther., 135,312 


(1962). 
(18) J. G. Wagner, “Biopharmaceutics and Relevant Pharmacoki- 


netics,” 1st ed., Drug Intelligence Publications, Hamilton, Ill., 1971, p. 
121. 


(19) S. Symchowicz and B. Katchen, J .  Pharm. Sci., 57, 1383 
(1968). 


(20) A. J. Jounela, P. J. Pentikainen, and A. Sothmann, Eur. J .  Clin. 
Pharmacol., 8,365 (1975). 


1015 (1957). 


(1961). 


12,487 (1962). 


(1963). 


J. Pharm. Sci., 63,1248 (1974). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 8,1976, from the Diuision of Scientific Affairs, G. D. 
Searle and Company Limited, Lane End Road, High Wycombe, Buck- 
inghamshire, HP12 4HL, England. 


Accepted for publication December 21,1976. 
The authors are grateful to Mr. D. Edwards, Mrs. P. Hessian, Dr. B. 


Harlow, Mr. M. J. C. Howard, Mr. J. Linfoot, Mrs. M. Porteous, Mrs. M. 
Rogers, and Mr. .I. Winslade for help in the design, conduct, and inter- 
pretation of the study and to Mr. I. Harrison and Mrs. R. s. Springell for 
help in the preparation of the manuscript. Canrenone assays were per- 
formed by the Hormone Assay Laboratory, Searle Scientific Services, 
G. D. Searle & Co., High Wycombe, England. 


* Present address: Department of Medicine, Gardiner Institute, 
Western Infirmary, Glasgow, GI1 6NT, Scotland. * Present address: Syntex Research Centre, Research Park, Heriot- 
Watt University, Riccarton, Edinburgh, Scotland. 


T o  whom inquiries should be directed. 


1432 f Journal of Pharmaceutical Sciences 












Table I-ADDarent Dissociation Constants of Penicillins in Water and Ethanol-Water Mixtures 


pKa (This Research)" pKa (Literature) 


Tempera- Ethanol Concentration, wlv % Tempera- Refer- 
Pen i c i 11 in ture 0.0 O.Oc 16.0 32.8 41.9 51.4 ture Reported ence 


I Carbenicillin indanyl sodium 37" - 2.94 - 3.73 3.95 
I1 Carbenicillin phenyl sodium 37" - 2.91 - 3.70 3.92 


I11 Dicloxacillin 37" - 2.76 - 3.55 3.77 
IV Floxacillin 37" - 2.76 - 3.55 3.77 
V Cloxacillin 37" - 2.78 3.11 3.57 3.79 


VI Oxacillin 
VII Propicillin 


VIII Phenethicillin 


IX Penicillin V 
X Penicillin G 


37" 2.73 2.72 3.09 3.57 3.81 
37" 2.76 - - 
37" 2.80 - 


37" 2.79 2.78 3.15 3.61 3.85 
37" 2.75 - - - - 


- - 
- - - 


- - - X I  Methicillin 37" 2.77 - 


4.16 
4.15 
3.98 
3.98 
4.01 


4.03 
- 
- 


4.06 
- 


- 


- 


25" 2.67' 17 


25" 2.70,2.73 11 
35' 2.6Bd 18 
- 


25' 2.72 11 ~~ 


25" 2.72, 2.74 11 
35" 2.gd 19 
25" 2.73.2.74 11 
25' 2.71' 2.73 11 
60" 2.7s1 20 _ _  
25" 2.76,2.78 11 
25' 2.74d 21 


The values were determined potentiometrically at p = 0.15. These values were computed from the equation of Albert and Serjeant (9) for the data corresponding to 
25-75% of neutralization and averaged from at least three experiments, never deviating more than i0.03 pKa unit. * The values were determined potentiometrically. 


The pKa values were obtained by extrapolation to 0% (w/v) ethanol. The values were determined at p = 0.5. 


termination of the pKa in water because of their low solubility in aqueous 
acidic solution. 


The pKa values in water determined directly or extrapolated a t  37" 
and p = 0.15 were about 0.04 pKa unit higher than those determined a t  
25" by Rapson and Bird (11) for the corresponding penicillins (Table I). 
This difference may be due to different experimental conditions, tem- 
perature, and ionic strength, and it may be reasonable for the dissociation 
behavior of many carboxylic acids (9). 


pH-Dependent Oil-Water Parti t ion Behavior-If i t  is assumed 
that a certain 0-lactam antibiotic, which is in the free acid and anionic 
forms a t  the dissociation equilibrium in water, is distributed between the 
oil and water phases as shown in Scheme I, then the apparent partition 
coefficient, Papp, can be expressed as: 


(HA), f M-1" 
(HA), + (A-1, 


Papp = (Eq. 2) 


where (HA) and (A-) represent the activities of the unionized and ionized 
forms, respectively, and the subscripts w and o indicate the water and 
oil phases, respectively. The true partition coefficient for unionized, P,, 
and ionized, Pi, forms of an antibiotic and the dissociation constant, K,, 
are given by Eqs. 3-5, respectively: 


Therefore, Eq. 6 can be derived from Eqs. 2-5 


Papp = P, (*) K, + aH+ t Pi (A) K ,  + aH+ (Eq. 6)  


where aH+ is the hydrogen-ion activity. In these equations, the activity 
of the species in each phase is assumed to be approximately the same as 
its concentration. Rearrangement of Eq. 6 gives: Papp(Z + 1) = P, K, aH+ + Pi (Eq. 7) 


Equation 7 predicts that a plot of Papp (aH+/K, t 1) against as+/& 
should give a straight line with a slope of P, and intercept of Pi. 


Octanol-Water Distribution-The experimental results are sum- 


water phase oil phase 


I I 


Scheme I 


marized in Table 11. All experimental conditions were selected for each 
antibiotic so that sufficient solubility in the aqueous phase could be 
achieved and that the 0-lactam degradation was within 2% when the 
distribution equilibrium was attained, The degradation was checked in 
every case by simultaneous incubation of the antibiotic in the same buffer 
solution as that used for the distribution study. 


Apparent partition coefficients of penicillin V were measured with 
various concentrations (5 X 10-4-5 X M) at a constant pH. No sig- 
nificant changes in Pa,, were observed (Table II), suggesting that no 
appreciable association between the molecules occurred in each phase. 
This result may be expected for other 0-lactam antibiotics. 


Figures 1 and 2 show the plots of Papp(aH+lKo + 1)  uersus aH+/Ka 
according to Eq. 7 for the data listed in Table 11, where the K, values used 
were those determined directly in water or extrapolated to 0% ethanol 
under the identical experimental conditions of 37" and p = 0.15 (Table 
I). For cephalothin, a pKa of 2.22, determined previously (12) at 35' and 
p = 0.5, was employed. The plots yielded straight lines for all p-lactam 
antibiotics studied and provided appreciable Pi values from the intercept 
only for antibiotics having log P, values larger than about 2. These results 
suggest that the anionic species of P-lactam antibiotics also can be dis- 
tributed depending on their side-chain lipophilicity. 


Table I11 summarizes the log P, and log Pi values for the octanol-water 
distribution. For comparison, previously reported values of log P, for 
penicillins are listed in Table 111. There are some close agreements and 


l0I B 
I d  


- . G I ?  


lO'aH+IK, 
Figure 1-Plots of Papp(l + aH+/Kd against aH+/Ka for 0-lactam an- 
tibiotics in octanol-water a t  37" and p = 0.15. The compounds are 
numbered as in Table I .  Key: 0, I ;  e, I I ;  A, I I I ;  A, IV; 0, VII; +, X;and 
x. XI. 


1676 /Journal of Pharmaceutical Sciences 







Table 11-Apparent Partition Coefficient, Pa p, of &Lactam 
Antibiotics between Octanol and Water as a lknction of the 
Aqueous Phase at 37" and fi  = 0.15 


Compound PHa Papp 


I 5.73 10.80 
5.84 9.55 


111 


IV 


V 


VI 


VII 


VIII 


IX 


x 


XI 


Cephalothin (XII) 


. .~ 


5.92 
5.94 
6.55 
7.75 
5.23 
5.26 
5.51 
5.84 
6.07 
5.04 
5.19 
5.44 
5.65 
6.13 
4.90 
4.95 
5.49 
5.55 
5.90 
5.96 
6.22 
4.26 
4.44 
4.77 
4.89 
4.15 
4.39 
4.83 
4.70 
4.88 
5.12 
5.35 
5.66 
3.98 
4.06 
4.10 
5.21 
3.71 
4.05 
4.50 
4.93 
3.90 
3.90 
3.91 
4.86 
5.07 
5.15 
5.47 
4.86 
4.88 
5.11 
5.61 
5.63 
3.13 
3.32 
3.55 
3.75 
3.77 


. .-~ 


8.39 
7.93 
3.89 
1.43 
4.73 
4.47 
2.14 
1.54 
1.09 
4.77 
2.96 
1.88 
1.17 
0.67 
3.07 
2.87 
0.87 
0.76 
0.41 
0.41 
0.27 
8.08 
5.68 
3.04 
2.49 
7.21 
5.00 
2.13 
6.00 . .~ 


4.39 
2.24 
1.55 
0.76 
9.79 
7.88 
7.47 
0.76 
9.20 
4.56 
1.88 
0.66 
7.22c 
7.09 
6.77d 
0.37 
0.32 
0.23 
0.15 
0.18 
0.14 
0.09 
0.02 
0.01 
0.97 
0.70 
0.39 
0.28 
0.27 . .- 


4.06 0.15 
4.40 0.08 


At equilibrium. * Initial concentration = 1 X 
= 5 X 10-4 M. d Initial Concentration = 5 x 10-3 M. 


M .  Initial concentration 


some differences between the present values and those reported by Bird 
and Marshall (a), which were determined by the pH-stat titration method 
at pH 3 and 4 or only at pH 4. Unfortunately, since in that study there 
was no mention of the results available for recalculation and the tem- 
perature at which the partition coefficients were measured, it is difficult 
to evaluate the correlations between their values and the present ones. 


2-Methylpropanol-Water Distribution-The apparent partition 
coefficients of several penicillins and cephalothin between 2-methyl- 
propanol and aqueous buffer with a constant Na+ concentration (0.1 M) 
are depicted in Fig. 3. The Papp values depended on the lipophilicity of 
the side chain for the penicillin series but were independent of pH above 
pH 6 for all P-lactam antibiotics, indicating the major contribution of the 
anionic forms for the Pa,, value. The average log Pi values are listed in 


10 9 
/ / 


/ 


6 
1 


4 6 a 10 12 
10' aH+lK, 


Figure 2-Plots of Pappfl + aH+/KJ against aH+/Ka for 0-lactam an- 
tibiotics in octanol-water a t  37' and p = 0.15. The compounds are 
numbered as in Table I .  Key: 0 ,  V; $, VI; 0, VIII; m, I X ;  and 6, 
X I I .  


Table 111. In the pH-Pap, profiles for penicillin V and propicillin, the 
increasing Papp with decreasing pH is undoubtedly attributed to the 
distribution of unionized forms. 


Scholtan (13) determined Papp values of penicillins in 2-methylpro- 
panol-pH 7.4 phosphate buffer, and those values were 1.5-2 times larger 
than those in this work. Since Scholtan made no mention of experimental 
temperature conditions and the total buffer concentration, this large 
difference cannot be clarified. However, the partition coefficients of the 
penicillin anion in the present 2-methylpropanol-water system largely 
depend on the total Na+ or K+ concentration used for the buffer, and 
these phenomena also were observed in octanol-water (Table IV). Such 
behavior should be the result of a salting-out effect and/or ion-pair ex- 
traction of the penicillin anion with a buffer cation as suggested by Bird 
and Marshall (2). 


a 


a" 
P 


0 


0 


A 


0 


- s++- 
1 I e-, 
5 6 7 8 


PH 


Figure 3-Plots of papp(l  + aH+/K.) against aH+/Ka for p-lactam an- 
tibiotics in 2-methylpropanol-water at 37O and constant Na+ concen- 
tration (0.1 M). The compounds are numbered as in Table I .  Key: 0, 
I; a, 11; A, III;  A, IV;  0,  V; a, VI; Q, VII; o, VIII; m, I X ;  +, X ;  x, X I ;  
and 8, X I I .  
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Table 111-Partition Coefficients of @-Lactam Antibiotics 
Octanol e 2-Methyl- 


R”” R m  Rm ‘ R m d  R,d propanol, 
Compound logP, logP, logPa logPb (pH3) (pH41 (pH7.4) (pH2.6) (pH9.4) logpi logk’= 


- - - I 3.77 0.18 - 
I1 2.96 -0.52 - - - - 


I11 2.91 -0.60 2.83 3.24 1.18 0.44 
IV 2.61 -0.82 - - - - 
V 2.43 - 2.44 2.49 0.71 0.01 


VI 2.31 - 2.34 2.38 0.57 -0.15 
VII 2.70 -0.70 2.58 - 0.97 0.21 


VIII 2.20 - 2.19 2.20 0.50 -0.23 
IX 1.95 -1.659 2.01 2.03 0.34 -0.37 
X 1.70 - 1.76 1.72 0.09 -0.66 


XI 1.30 - 1.13 1.06 -0.60 -1.34 


- 
- 


1.62 
1.41f 
1.34 
1.05 


1.03 
0.89 
0.55 
0.47 


- 


- 
- 


1.76 


1.67 
1.39 


1.35 
1.17 
0.84 
0.78 


- 


- 


- 
- 


1.43 


1.21 
0.96 


0.91 
0.89 
0.45 
0.41 


- 


- 


- - - - - - - XI1 0.95 - 
Reference 2. b Reference 7. Reference 3. Reference 15. Reference 1. f Reference 14. g Evaluated from the data in Table IV. 


Therefore, in the present experiment with 2-methylpropanol-water, 
the total Na+ concentration was kept constant a t  0.1 M. Thus, this effect 
would probably account for the greater discrepancy between the present 
data and those of Scholtan (13). 


Linear Free Energy Relationship for  Distribution Equilibrium 
of Penicillins in Various Systems-Since the partition coefficient is 
an equilibrium constant, there should be a linear free energy relationship 
between distribution values in different systems such as log P and R, 
from the TLC method and log k‘ from the HPLC technique. The re- 
gression equations between two partition coefficients for penicillins de- 
termined in this study and available from the literature (14,13-15) are 
given by Eqs. 8-21, where n, r, and s are the number of data, the corre- 
lation coefficient, and the standard deviation, respectively : 


log P, (octanol) = 0.994 log 6 0.990 0.082 (Eq. 8) 
n r s  


Pi(octano1) + 3.498 


log Pi(2-methylpropanol) = 11 0.983 0.077 (Eq. 9) 
0.598 log P,(octanol) - 1.168 


log Pi(2-methylpropanolf = 6 0.994 0.033 (Eq. 10) 


R,(octanol, pH 3.0) = 1.034 8 0.984 0.080 (Eq. 11) 


0.510 log Pi(octano1) - 0.869 


log P,(octanol) - 1.791 


R,(octanol, pH 4.0) = 1.034 log 8 0.985 0.095 (Eq. 12) 
P,(octanol) - 2.522 


R,(silicone, pH 2.6) = 0.695 7 0.963 0.102 (Eq. 13) 
log P, (octanol) - 0.190 


R,(silicone, pH 7.4) = 0.775 8 0.979 0.084 (Eq. 14) 
log P,(octanol) - 0.640 


R,(silicone, pH 7.4) = 0.683 3 0.996 0.036 (Eq. 15) 


R,(silicone, pH 7.4) = 1.116 log 8 0.985 0.071 (Eq. 16) 


R,(silicone, pH 9.4) = 0.682 log 7 0.963 0.099 (Eq. 17) 


log Pj(octano1) + 2.009 


Pi(2-methylpropanol) + 0.887 


P,(octanol) - 0.549 


R, (silicone, pH 9.4) = 0.986 log 7 0.986 0.062 (Eq. 18) 
Pi(2-methylpropanol) + 0.791 


Table IV-Effect of Na+ or  K+ Concentration on Apparent 
Partition Coefficient (P 
and 2-Methvl~ro~anol-#~ter  Svstems at 37” 


) of Penicillin V in Octanol-Water 


Ionic 2-Methylpropanol- 


M with K+ K+ Na+ 
Strength, Octanol-Water, Water 


0.09 0.015 1.03 1.00 
0.28 0.045 1.69 1.50 
0.56 0.042 2.21 2.29 


log k‘(pH 7.4) = 0.936 log 
P,(octanol) - 0.259 


log k’(pH 7.4) = 0.800 log 
Pi(octano1) + 2.903 


0.96 - 
0.62 2.68 
0.61 2.30 
0.41 2.14 
0.38 2.04 


0.48 - 
0.25 - 


0.19 1.80 
0.04 1.62 


-0.30 1.30 
-0.44 - 
- - 


7 0.975 0.103 (Eq. 19) 


4 0.942 0.146 (Eq. 20) 


log k’(pH 7.4) = 1.327 log Pi(2- 7 0.961 0.125 (Eq. 21) 
methylpropanol) + 1.163 


In the system with octanol as the organic phase, the slopes of these lines 
(Eqs. 8,11, and 12) were close to 1.0, consistent with the theoretical ex- 
pectation. The regression slope between log P(octan01) and log k’ was near 
1.0. This result probably means that the distribution process between 
the aqueous and stationary phases, octadecylsilane, is almost the same 
as that between water and octanol (16). A slope less than unity in the 
regression line was observed for the correlation between the octanol and 
2-methylpropanol systems. The decreased lipophilic character of the 
nonaqueous phase decreases the energy required to transfer a distributing 
solute from the nonaqueous to the aqueous phase, which would result 
in a decrease of the slope going from octanol to 2-methylpropanol. 


A good correlation between the partition coefficient for the unionized 
species and that of the ionized species of penicillin molecules was obtained 
in every partitioning system, indicating that the lipophilic character of 
the side chain of unionized penicillins is reflected in the lipoid solubility 
of the ionized forms. The present results suggest that the ionized form 
as well as the undissociated form of P-lactam antibiotics may be able to 
act in various processes in uiuo, such as GI absorption, tissue distribution, 
serum binding, renal reabsorption, and cell wall permeability. Since 
penicillins and cephalosporins are almost all ionized at physiological pH, 
knowledge of the predominant species and the mechanism in these in uiuo 
processes is important in the design of suitable P-lactam antibiotics and 
their dosage forms. 
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Physiologically Based Pharmacokinetic Model for 
Digoxin Disposition in Dogs and 
Its Preliminary Application to Humans 


LESTER I. HARRISON * and MILO GIBALDI 


Abstract A physiologically based pharmacokinetic model for digoxin 
disposition developed in the rat was modified to account for the inter- 
species differences in tissue-to-plasma digoxin concentration ratios and 
applied to the dog. The model provided a quantitative assessment of the 
time course of digoxin concentrations in dog plasma, various tissues, and 
urine. It also predicted the effect of renal failure on digoxin pharmaco- 
kinetics in the dog. An attempt to scale the dog model to humans by 
simply considering differences in organ volumes, organ flow rates, and 
digoxin clearances was partially successful. Good predictions of plasma 
digoxin concentration and urinary digoxin excretion after a single dose 
and of steady-state plasma, heart, and skeletal muscle digoxin concen- 
trations were obtained. However, the model predicted considerably higher 
kidney digoxin concentrations than are actually found. Although the 
model adequately characterized the time course of digoxin concentrations 
in patients with moderate renal impairment, it provided a relatively poor 
fit to that observed in anuric patients. 


Keyphrases Digoxin-pharmacokinetic model for disposition in dog 
developed, applied to humans Pharmacokinetics-digoxin, model for 
disposition in dog developed, applied to humans 0 Models, phar- 
macokinetic-for digoxin disposition in dog, developed, applied to hu- 
mans Cardiotonic agents-digoxin, pharmacokinetic model for dis- 
position in dog developed, applied to humans 


Two- and three-compartment open models based on 
curve fits of plasma concentration-time data are com- 
monly used to describe digoxin pharmacokinetics in hu- 
mans and other species (1-4). Although these models are 
useful for clinical application, the basic information that 
they provide regarding distribution and elimination is 
intrinsically limited. Transfer rate constants calculated 
from such models have a high degree of uncertainty (5 ) .  
Moreover, compartment volumes and transfer rate con- 
stants derived from these models have no anatomical or 
physiological reality. Neither the drug concentrations nor 
the time course of drug concentrations in particular target 
tissues other than the plasma can be predicted. 


Recently, there has been an interest in the development 
of physiologically realistic pharmacokinetic models for 
drug disposition based on organ volumes and blood per- 
fusion rates. In principle, these models permit the pre- 


diction of drug concentrations in any tissue at any time and 
may provide considerable insight to drug dynamics. An- 
other useful feature of these models is that drug disposition 
in certain pathophysiological conditions may be simulated 
by altering estimates of organ blood flow (6, 7), drug 
clearance (8), or drug binding to tissues. Furthermore, 
under certain conditions, physiologically based models can 
be scaled to apply to more than one species (9). Therefore, 
for certain drugs, the large data base needed to develop a 
physiological pharmacokinetic model may be acquired in 
a laboratory animal and scaled to apply to humans. This 
approach has been used with several drugs (6,lO-13). 


A detailed physiological model (Scheme I) recently was 
developed to describe digoxin pharmacokinetics in the rat 


urine 
Qr-Qg 


gut wall biliary 
secretion 


2 
feces 
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dehydrogenation of dihydrodiols to catechols was observed previously 
(14-16). The formation of the methylated catechol from 3,4-catechol may 
be due to the enzyme, catechol 0-methyltransferase, since other catechols 
are known to be methylated uia this enzyme (8,17,18). 


In conclusion, it was demonstrated that the catechol metabolite in 
humans, reported by Borga et al. (9), is a mixture of the catechol Me- 
tabolite I1 and the methylated catechol Metabolite 111. These metabolites 
are also formed in minor amounts in other species such as the monkey 
and dog. 
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Synthesis and Structure-Activity Relationships of 
Selected Isomeric Oxime @Ethers as 
Anticholinergic Agents 


WILLIAM G. HANEY, ROBERT G. BROWN, 
EUGENE I. ISAACSON *, and JAIME N. DELGADO 


Abstract A series of isomeric (2)- and (E)-oxime 0-/3-dimethylami- 
noethyl ether methylhalide derivatives was synthesized, and their (2)- 
and (E)-assignments were made on the basis of chemical and spectral 
data. The respective (2)- and (E)-isomers were evaluated as anticho- 
linergic agents on the rat ileum. The antimuscarinic potencies of the re- 
spective (2)- and (E)-isomers were compared to determine the effect 
upon potency of this type of geometric isomerism. Three general struc- 
ture-activity relationships are discernible among the synthesized com- 
pounds: (a)  among oxime 0-ethers derived from aromatic aldehydes, the 
higher potency consistently resides in the isomer where the aryl sub- 
stituent is ( E )  to the ammonium ether substituent; (b) among oxime 
0-ethers derived from diaryl ketones, the (2)- and (E)-isomers are ap- 
proximately equipotent; and (c) oxime 0-ethers derived from diaryl 
ketones are the most potent of the synthesized compounds. 


Keyphrases 0 Oxime 0-ethers, various-isomers synthesized, anti- 
cholinergic activity of methylhalide salts evaluated on rat ileum 0 0- 
Dimethylaminoethyl oxime ethers, various-isomers synthesized, anti- 
cholinergic activity of methylhalide salts evaluated on rat ileum 0 An- 
ticholinergic activity-valuated on rat ileum for isomers of various oxime 
0-dimethylaminoethyl ethers 0 Structure-activity relationships-iso- 
mers of various oxime 0-dimethylaminoethyl ethers evaluated for anti- 
cholinergic activity on rat ileum 


The parasympathetic postganglionic cholinergic re- 
ceptor site is of considerable interest. In particular, among 
anticholinergics the muscarinic receptor exhibits stereo- 


specificity toward optical isomers, and this stereospeci- 
ficity contributes to a knowledge of the receptor (1). The 
relationship between anticholinergic potency and geo- 
metric isomerism also may be informative, but it has not 
been investigated extensively. Therefore, such an inves- 
tigation was undertaken to determine whether or not the 
receptor was stereospecific toward geometric isomers and 
to yield further information about the receptor. 


Oxime 0-ethers were selected for study since they pos- 
sess anticholinergic activity (2,3) and the oxyimino moiety 
allows the preparation of geometric isomers. 


DISCUSSION 


The ketone oximes were prepared by the method of Lachman and 
Noller (4) (Table I). The method involves the generation of hydroxyl- 
amine from the hydrochloride salt with excess base in the presence of the 
ketone, with water as the solvent for low molecular weight ketones and 
with alcohol for higher molecular weight ketones. The isomer ratios 
produced are easily predicted qualitatively based on the general rule that 
the more nearly equal they are in bulk the more nearly equal will be the 
isomer ratio (5). Thus, the ratio is 8911 (E)-(Z) for acetophenone oxime. 
As can be expected for the diaryl compounds, the isomer ratio is not 
great. 


Separation by fractional crystallization was successful for only one of 
the 3.4-dimethylbenzophenone oxime isomers. Differences in chelating 
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+ 
Ri , ,O(CHJP(CHA 


R? 


Analysis, % 


,C=N X Table I-Elemental Analysis for  t h e  Synthesized Compounds 


Recrystallization 
Found Compounda R, R, Solvent Melting Point Calc. 


Ia 


Ib 


IIa 


IIb 


IIIa 


IIIb 


IVa 


IVb 


Va 


Vb 


VIa 


VIb 


VIIa 


VIIb 


VIIIa 


VIIIb 


43 
H 


H 


Ethanol 


2-Propanol 


2-Propanol 


2-Propanol 


@ZHd 
OCH, 


H 


0 


Ethanol 


2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol-ethanol 


2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol-ethanol 


Hexane-2-propanol 


Isopropyl ether- 
2-propanol 


180-182" 


21  2-214" 


146- 1 4  7" 


239-240" 


185-186" 


199-200" 


164-166" 


258-259" 


182-183" 


182-183" 


185-186" 


199-200" 


189-190" 


196-198" 


165-166" 


184-186" 


C 50.1 
H 6.6 
C 43.32 
H 5.78 
C 42.86 
H 5.76 
C 42.86 
H 5.76 


C 42.48 
H 5.89 


C 42.48 
H 5.89 


C 35.27 
H 5.00 


C 35.27 
H 5.00 
C 44.83 
H 6.10 
C 44.83 
H 6.10 
C 42.48 
H 5.89 
C 42.48 
H 5.89 


C 56.00 
H 6.04 


C 56.00 
H 6.04 
C 53.70 
H 6.35 


C 53.70 
H 6.35 


50.26 
6.89 


43.47 
5.83 


42.72 
5.70 


43.14 
5.87 


42.66 
6.04 


42.63 
6.00 


35.20 
4.94 


35.14 
4.96 


44.57 
6.09 


45.03 
6.18 


42.63 
6.00 


42.66 
6.04 


55.96 
5.94 


55.98 
6.16 


53.76 
6.45 


53.20 
6.20 


*The methiodide derivative of the ether was characterized, with the exception of Id, VIIa, and VIIb, in which the methobromide derivative was 
characterized. bNMR analysis revealed about 10% of the opposite isomer. 


ability of the phenyl-2-pyridyl isomers were used to effect a separation. 
The other oximes were etherified as mixtures, and the isomeric ethers 
were separated via fractional distillation. 


For the aldehyde oximes, the same method (4) was employed for (Z)- 
isomers. Because the rule for the production of isomers applies, the 
method is not applicable for the (E)-isomers. Initially, an adaption of 
Vogel's method (6) was employed, e.g., passing hydrogen bromide gas 
through a refluxing methylene chloride solution of the oxime and neu- 
tralizing the resulting hydrobromide salt a t  low temperatures. The 
method was not highly successful, and the more stable isomer was usually 
obtained. An adaptation of the Schoenewaldt et al. method (7), which 
employs a higher boiling solvent (benzene), gave better yields and was 
used thereafter. 


The oximes were converted to the corresponding ethers by treatment 
of their anions with 2-dimethylaminoethyl chloride. Acetophenone and 
p-methoxyacetophenone oximes were etherified as a mixture, and the 
ethers were separated via fractional distillation. The ( E ) -  and (2)-3,4- 
dimethylbenzophenone oximes were etherified as a mixture, but only the 
(E)-isomer was obtained on multiple distillation. The pure (2)-oxime 
isomer was used to obtain the (2)-oxime ether. 


Alkylation of the (2)-aldehyde oximes proceeded satisfactorily with 
the cited method. With the (E)-oximes, 50-70% etherification occurred. 


However, isomerization occurred, and the yield of the (E)-oxime ether 
fell in the range of 8-14% based on the aldehyde. The isomerization ap- 
peared to be unidirectional since no (E)-oxime derivative was obtained 
from procedures beginning with the (2)-oxime. This result might be 
expected from a consideration of the relative stability of the two oximes. 
Because isomerization occurred during etherification, it was necessary 
to separate the oxime ethers derived from the (E)-oximes. This separation 
was done by vacuum distillation and, for the (E)-p-methoxybenzaldehyde 
and (E)-3,4,5-trimethoxybenzaldehyde 0-oxime ethers, by chromatog- 
raphy on silica. 


Isomeric identity of the oxime 0-ethers was established primarily on 
the basis of magnetic resonance values of protons of the 0-alkyl sub- 
stituent. The isomeric differences in the resonance values depend on the 
position of the substituent relative to the aromatic ring of the ether. In 
the benzaldehyde oxime ethers, for example, the OCH2 resonance occurs 
a t  T 5.8 ppm in the (el-isomer and at  T 6.0 ppm in the (Z)-isomer. The 
NCHz absorption occurs at T 7.4 ppm in the latter. Since diamagnetic 
anisotropic effects decrease rapidly with distance, the anisotropic effects 
are strongest in the (Z)-isomer. 


The diamagnetic field of the aromatic substituent, which may shield 
or deshield proximate protons depending on their position relative to the 
field (8), shields the OCH2 protons. However, since the preferred con- 
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formation of protons of the aromatic substituent is skew (9), the NCHz 
protons are deshielded because the field of the aromatic substituent is 
different in this area. This rationalization is supported by the fact that 
the OCHz absorption is more strongly affected, indicating that the effect 
is strongly distance dependent. 


For aryl aldehyde oxime derivatives, the NMR isomeric assignments 
were supported by UV spectral data. Assignments were based on the 
convention (10) that the isomer with the highest A,,, and molar ab- 
sorptivity is the (E)-isomer. 


Structural assignmenh based upon the Beckmann rearrangement were 
used only for oximes (VIIIa and VIIIb) with similar substituents since 
isomerization may precede rearrangement where the migratory pro- 
pensity of the two substituents is greatly different. The rearrangement 
was conducted with the oxime prior to etherification, and subsequent 
spectral data confirmed that isomerization had not taken place in the 
ether derivative. 


EXPERIMENTAL' 


Synthesis of Oximes-Method 1 (4): (Z)-Benzaldehyde Oxime- 
Freshly distilled benzaldehyde (106 g, 1.0 mole) was mixed with a solution 
of sodium hydroxide (95 g) in water (175 ml) and cooled to room tem- 
perature. Hydroxylamine hydrochloride (146 g, 2.0 moles) was added in 
one portion to the reaction mixture, and the clear solution was heated 
to boiling. The solution was cooled to room temperature and acidified 
by means of a carbon dioxide generator. The separated oil was extracted 
with ether (two 100-ml portions), and the combined extracts were dried 
over sodium sulfate. The solvent was removed under reduced pressure, 
and the remaining mass was recrystallized from benzene. The yield was 
96 g (80%), mp 28-29', NMR analysis (11) showed the presence of only 
one oxime. 


Method 2 (6): (E)-Benzaldehyde Oxime-The (Z)-oxime was dis- 
solved in methylene chloride (300 ml), and hydrogen bromide gas was 
passed through the system. Following partial solvent evaporation, the 
resulting precipitate was neutralized with aqueous sodium hydroxide 
solution (10%). The product was recrystallized from hexane, and the yield 
was 5 g (44%), mp 127-129' [lit. (6) mp 130'1. 


Method 3 (7): (E)-Benzaldehyde Oxime-(2)-Benzaldehyde oxime 
(40 g, 0.32 mole) was placed in dry benzene (600 ml), and the solution was 
heated to boiling. While the solution was heated and vigorously stirred, 
hydrogen bromide gas was forced through the system. This treatment 
was maintained until the temperature dropped to 50'. Then the solution 
was cooled to room temperature, and the oxime salt was removed by fil- 
tration. An aqueous solution of sodium hydroxide (80 g in 150 ml) was 
cooled to 10'. The salt was dropped into the solution, and the mixture 
was stirred until complete dissolution occurred. Excess ammonium 
chloride was dropped into the mixture, and the mixture then was ex- 
tracted with ether (two 100-ml portions). The combined ether extracts 
were dried over sodium sulfate, and the ether was removed under reduced 
pressure. The yield was 36 g (88%), mp 124-126'. 


Synthesis of Oxime Precursors Using Method 1-Method 1 also 
was used for the synthesis of the oxime precursors of IIa, IIIa, IVa, IVb, 
Va, Vb, VIa, VIb, VIIa, VIIb, VIIIa, and VIIIb. The yields were never 
lower than 44%. No separation was made of the oxime precursors of IVa 
and IVb, Va and Vb, and VIa and VIb. Separation of the (E)- and (2)- 
isomers was made after etherification. The isomeric oxime precursors 
of VII were separated and identified on the basis of their chelating ability 
(adopted from Ref. 12). 


The mixture of oxime isomers was used for the synthesis of the ether 
VIIIa. Both ethers probably were formed, but fractional distillations were 
repeated until only pure VIIIa was isolated. The oxime precursor to VIIIb 
was obtained uia repeated fractional crystallizations of the mixture of 
oxime isomers and used for the synthesis of that ether. Since VIIIb was 
deduced from Beckmann rearrangement data to be the (Z)-isomer, it may 
be considered that VIIIa is the (E)-isomer. 


Synthesis of Other Oximes-The following summarizes the results 
of Method 1 applied to oximes other than (2)-benzaldehyde oxime. 


(Z)-p-Methoxybenzaldehyde Oxime-Freshly redistilled p-meth- 
oxybenzaldehyde (68.07 g, 0.5 mole) gave, after refluxing for 2 hr and 


Melting points were determined on a Thomas-Hoover Mel-Temp apparatus 
and are uncorrected. IR spectra for all final compounds and intermediates were 
determined on a Beckman IR-8 and are in accord with the assigned structures. NMR 
data were obtained for all compounds in a Varian A-60 and are in accordance with 
the assigned structures. Noteworthy NMR data used to distinguish between isomers 
are given in Table 11. UV data were obtained on a Beckman DB with ethanol as 
solvent. Elemental analyses were performed by Schwarzkopf Microanalytical 
Laboratories, Woodside, N.Y. 


recrystallizing from heptane, 65 g (87%) of the oxime precursor to IIa, 
mp 62-44'. 
(Z)-3,4,5-Trimethoxybenzaldehyde Oxime-3,4,5-Trimethoxy- 


benzaldehyde (25 g, 0.125 mole) dissolved in ethanol (200 ml) was treated 
according to Method 1 with potassium hydroxide replacing sodium hy- 
droxide (reflux time of 2 hr). The oxime precursor to IIIa crystallized from 
the reaction mixture in a yield of 21.3 g (85%), mp 99-101'. 


(E)- and (Z)-2- Thienylaldehyde Oximes-Freshly distilled 2-thien- 
ylaldehyde (reflux time of 0.5 hr) gave 24.6 g (75%) of the (E)- and (2)- 
oxime precursors to IVa and IVb. 


(E)- and (Z)-Acetophenone Oximes-Acetophenone (20 g, 0.166 mole) 
was treated according to Method 1 (reflux time of 2 hr). The oxime pre- 
cursors to VIa and VIb were recrystallized from heptane, 18.5 g (82%), 
mp 52-55'. 


(E)- and (Z)-2-Pyridophenone Oximes-An adaptation of the pro- 
cedure of Huntress and Walter (12) gave the isomeric oximes. The ketone 
(110 g, 0.6 mole), dissolved in ethanol (180 ml) and treated according to 
Method 1, gave the oximes, 121 g (loo%), mp 117-131'. This mixture was 
placed in dry chloroform (210 ml) and refluxed 20 min. Then the solution 
was cooled to room temperature and filtered. The residue was washed 
with dry chloroform (30 ml) and recrystallized (ethanol), giving 54 g (90%) 
of the (E)-isomer, mp 150-152'. 


The combined filtrates and washings from recrystallization were 
evaporated under reduced pressure, and the residue (24 g) was solubilized 
with aqueous hydrochloric acid (20%, 80 ml). Copper sulfate solution (20 
g in 100 ml of water) was added, and the mixture was allowed to stand 
overnight. The mixture was filtered, washed with water (30 ml), and dried. 
The combined filtrate and washings were purged with hydrogen sulfide. 
After removal of the black precipitate, the solution was titrated to pH 
3.8 with 1 N ammonium hydroxide. The precipitate that formed was 
removed, and titration was continued to neutrality. The yield was 8.5 g 
(14%) of the (2)-oxime, mp 165-167'. 


(E)- and (Z)-3,4-Dimethylbenzophenone Oximes-The oxime pre- 
cursors to VIIa and VIIb were obtained from the ketone (21 g, 0.1 mole) 
dissolved in ethanol (250 ml) and treated according to Method 1 (reflux 
time of 0.5 hr). The yield was 22 g (88%), mp 124-127'. A portion of the 
mixture was subsequently used in the etherification procedure. Repeated 
distillation thereafter gave only the amino ether which, in turn, gave the 
salt VIIIa. Additionally, a portion of the mixture was recrystallized re- 
peatedly from 2-propanol-water to give one oxime isomer, mp 154-155', 
in a 6% yield. Beckmann rearrangement data on this oxime, described 
under the structural determination of isomer set VIIIa and VIIIb, indi- 
cated this compound to be the (2)-oxime. 


Synthesis of Oxime Precursors Using Method 3-Since Method 
3 gave better yields than Method 2, it was used exclusively for the con- 
version of (2)- to (E)-forms. The (E)-forms resulting from Method 3 were 
used for the synthesis of Ib, IIb, and IIIb. The following summarizes the 
results of Method 3 as used for the synthesis of the oxime precursors to 
IIb and IIIb. 


(E)-p-Methoxybenzaldehyde Oxime-(2)-p-Methoxybenzalde- 
hyde oxime (50 g, 0.311 mole) was dissolved in anhydrous benzene (700 
ml). The solution was heated to boiling with stirring, and 60 ml of the 
solution was distilled. External heating was discontinued, and hydrogen 
chloride gas was passed through the solution, the heat of reaction main- 
taining the solution at reflux. Passage was continued until the tempera- 
ture fell to 50°, and the mixture was cooled to 10' and filtered. The oxime 
hydrochloride was dissolved in a solution of sodium hydroxide (50 g) in 
water (250 ml). Excess ammonium chloride was added, and the resulting 
precipitate was extracted with ether (two 100-ml portions). The ether 
extracts were dried, and the ether was removed under reduced pressure 
to give the (E)-oxime, 46.5 g (93%), mp 131-133'. 
(E)-3,4,5-Trimethowybenzaldehyde Oxime-The compound, mp 


157-158', was obtained in a yield of 8.8 g (82%) from 12.0 g (0.057 mole) 
of the (Z)-oxime dissolved in dry benzene (750 ml). The solution was 
brought to reflux, and 100 ml of benzene was distilled out. Treatment 
thereafter was as described previously, except that the (E)-oxime was 
precipitated by the addition of ammonium phosphate, removed by fil- 
tration, and dried at  75' overnight. 


Synthesis of Oxime 0-Ethers-(Z)-Benzaldehyde Oxime O-Di- 
methylaminoethyl Ether and Methobromide (la)-The oxime (20 g, 0.16 
mole) was dissolved in ethanol (200 ml). Sodium hydride (24 g of a 51.2% 
mineral oil dispersion, 0.48 mole) was added with caution to the stirred 
solution. 2-Dimethylaminoethyl chloride hydrochloride (23 g, 0.16 mole) 
was dissolved in ethanol (150 ml) and dropped into the reaction mixture 
over 30 min. The stirred reaction mixture was maintained at reflux for 
24 hr. Then the solvent was evaporated under reduced pressure, the 
residue was dissolved in isopropyl ether, and the solids were filtered off. 
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Table 11-Physical Constants of the Amines Synthesized 


UV Data Boiling Point and 
Precursor Pressure (mm Hg) NMR Datan, ppm Amino 


to Compound Yield, % of Amine OCHz NCHz N(CH3)z Amax, nm L X  


Ia 51.3 62-70'/0.1-0.05 5.70 7.36 7.75 246 19,770 
Ib 18.2 112'/1.25 6.07 7.20 7.83 236 17,500 


IIa 92.0 8a900/0.015 5.82 7.42 7.78 248 19,900 
IIbb 32.5 69-70'/0.05 6.16 7.21 7.86 237 17,700 


IIIa 76.6 126-130'/0.02 5.94 7.56 7.85 256 24,600 
IIIbb," 14.2 6.38 7.30 7.92 247 19,750 
IVa 22.9 84-86'/0.015 5.80 7.42 7.80 
IVb 40.0 118-20'/0.01 5.92 7.09 7.70 
Va 78.7 82.5-85'/0.20 5.70 7.38 7.79 
Vb 7.5 104-106°/0.20 6.17 7.20 7.92 


VIa 83.0 1 10-113'/0.05 5.78 7.38 7.79 
VIbb 4.4 134-137"/0.05 6.18 7.10 7.96 


VIIa 24.3 147-1 54 ' /0.09 5.73 7.43 7.82 
VIIb 19.0 143-144'/0.40 5.81 7.36 7.86 


VIIIa 16.4 139-141°/0.05 5.84 7.56 7.91 
VIIIbb 12.2 5.70 7.48 7.96 


0 Values were obtained on a Varian A-60 [25% (v/v) DCC13] and are expressed as T.  * Chromatographed on silica. c NMR analysis indicated about 10% of the (Z)-iso- 
mer. 


The rest of the solvent was removed under reduced pressure, and the 
remaining liquid was distilled. 


The major distillation fraction (bp 65-69'/0.08 mm, 13.83 g, 45%) was 
subjected to NMR and UV analysis and found to be the (2)-oxime ether. 
The yield and physical constants are summarized in Table 11. The 
methobromide (Ia) was prepared by dissolving the amine in isopropyl 
ether and treating with excess methyl bromide. The analytically pure 
methobromide was obtained after repeated recrystallization. The re- 
crystallization solvent, melting piont, and analytical data are given in 
Table I. 


The described procedure was applied to the synthesis of the following 
compounds with exceptions and variations in quantities of reactants as 
noted. Yields and physical constants for the amino ethers are given in 
Table 11. Recrystallization solvents, melting points, and elemental ana- 
lytical data for the quaternary derivatives are given in Table I. 


(E)-Benzaldehyde Oxime 0-Dimethylaminoethyl Ether-The (E)-  
oxime (20 g, 0.16 mole) was dissolved in ethanol (500 ml), and sodium 
hydride-mineral oil dispersion (16 g, 0.27 mole) was added. 2-Dimeth- 
ylaminoethyl chloride hydrochloride (23 g, 0.16 mole) in ethanol (400 ml) 
then was added over 1 hr. The methiodide (Ib) was prepared in hex- 
ane. 


(Z)-p-Methorybenzaldehyde Oxime 0-Dimethylaminoethyl Ether 
-The oxime (8.8 g, 0.06 mole) was dissolved in ethanol (250 ml). The 
sodium hydride dispersion (6.2 g, 0.13 mole) and then the alkylating agent 
(9.1 g, 0.06 mole) in ethanol (100 ml) were added. 
(E)-p-Methorybenzaldehyde Oxime 0-Dimethylaminoethyl 


Ether-To the oxime (10 g, 0.066 mole) in ethanol (200 ml) was added 
the sodium hydride dispersion (6.2 g, 0.13 mole). The alkylating agent 
(10.1 g, 0.07 mole) in ethanol (150 ml) then was added. The reflux time 
was 18 hr. Workup gave an oil which was distilled. Data for the first 
fraction are given in Table 11. NMR revealed a contaminant with triplets 
at T 7.4 and 6.3 ppm. A short column was packed with silica gel in a slurry 
form with pentane. The oil was dissolved in the minimum amount of 
isopropyl ether. The column was developed with pentane-ether mixtures 
(l:O, 1:25,1:0.5,1:1,0.5:1, and 01). Eluates were reduced in volume and 
treated with iodomethane to determine the presence of the (E)-amino 
ether. The methiodide (IIb) was prepared in heptane. 


A second fraction (bp 101-103'/0.05 mm Hg, 2.4 g, 17%) was shown 
by NMR analysis to be the (2)-ether. 
(Z)-3,4,5-Trirnethoxybenzaldehyde Oxime 0-Dimethylaminoethyl 


Ether-The oxime (6.4 g, 0.03 mole) was added to the sodium hydride 
dispersion (4 g, 0.08 mole) in ethanol (175 ml). 2-Dimethylaminoethyl 
chloride hydrochloride (7.2 g, 0.05 mole) then was added slowly to the 
solution. The methiodide (IIIa) also was prepared. 


(E)-3,4,5-Trimethoxybenzaldehyde Oxime 0-Dimethylaminoethyl 
Ether-The oxime (6.4 g, 0.03 mole) was dissolved in ethanol (200 ml). 
The sodium hydride dispersion (3.8 g, 0.08 mole) was added, and then 
the alkylating agent (7.2 g, 0.05 mole) was added slowly. After an at- 
tempted distillation, the oil was placed on a silica gel column packed with 
a hexane slurry. Isopropyl ether was passed through the column until all 
colored material was eluted; then the column was eluted with ethanol. 
Evaporation of the ethanol gave a colorless oil. NMR analysis indicated 
that the oil was the (E)-isomer with about 10% of the (2)-isomer. The 
methiodide (IIIb) also was prepared. 


(Z)- and (E)-2-Thienylaldehyde Oxime 0-Dimethylaminoethyl 
Ethers-The oxime mixture (8.6 g, 0.07 mole) was dissolved in ethanol 
(200 ml), and the sodium hydride dispersion (7.2 g, 0.15 mole) was added. 
Then the alkylating agent (11.52 g, 0.08 mole) was added. The reflux time 
was 48 hr. Workup and fractional distillation gave the (E)-  and (2)-ethers. 
The methiodides (IVa and IVb) were prepared in heptane. 


(Z)- and (E)-Acetophenone Oxime 0-DimethylaminoethylEthers- 
The oxime mixture (13.5 g, 0.1 mole) was dissolved in ethanol (200 ml). 
The sodium hydride dispersion (9.6 g, 0.2 mole) and then the alkylating 
agent (14.4 g, 0.1 mole) were added. The reflux time was 48 hr. Workup 
and fractional distillation gave the (E)-  and (2)-isomers. The methiodes 
(Va and Vb) were prepared in heptane. 


(Z)- and (E)-p-Methoxyacetophenone Oxime 0-dimethy laminoethyl 
Ethers-To the oxime mixture (11.0 g, 0.07 mole) in ethanol was added 
the sodium hydride dispersion (7.2 g, 0.15 mole) and then the alkylating 
agent (11.52 g, 0.08 mole). The reflux time was 27 hr. Workup and frac- 
tional distillation gave the two compounds. The methiodides (VIa and 
VIb) also were prepared. 


(E)-2-Pyridophenone Orime 0-Dimethylaminoethyl Ether-The 
(E)-oxime (11 g, 0.56 mole) was dissolved in ethanol (200 ml). The sodium 
hydride dispersion (7.2 g, 0.15 mole) and then the alkylating agent (14.4 
g, 0.1 mole) in ethanol (110 ml) were added. The methiodide (VIIa) also 
was prepared. 


(Z)-2-Pyridophenone Oxime 0-Dimethylaminoethyl Ether-The 
oxime (11 g, 0.056 mole) was mixed with a solution of the sodium hydride 
dispersion (9.0 g, 0.18 mole) in ethanol (200 ml), and the alkylating agent 
(14.4 g, 0.1 mole) was added. The reflux time was 16 hr. The methobro- 
mide (VIM) also was prepared. 
(E)-3,4-Dimethylbentophenone Oxime 0-Dimethylaminoethyl 


Ether-The oxime mixture (11.2 g, 0.1 mole) was added to the sodium 
hydride dispersion (4.8 g, 0.1 mole) in ethanol (200 ml), and then the al- 
kylating agent (7.2 g, 0.1 mole) in ethanol (150 ml) was added. The reflux 
time was 36 hr. Workup and distillation gave a fraction (bp 134-138'/0.05 
mm Hg, 9.4 g) which, on NMR analysis, proved to be a mixture of the (E)-  
and (2)-ethers. A second distillation gave a fraction (bp 135-137O/0.05 
mm Hg, 8.0 g) which had an increased concentration of the (E)-isomer 
according to NMR analysis. A third distillation gave the pure isomer. The 
methiodide (VIIIa) was prepared in hexane. 
(Z)-3,4-Dimethylbenzophenone Oxime 0-Dimethylaminoethyl 


Ether-To the oxime (0.50 g, 0.0024 mole) in ethanol (50 ml) was added 
the sodium hydride dispersion (0.3 g, 0.006 mole) and the alkylating agent 
(0.43 g, 0.003 mole). Workup gave an oil, which was chromatographed 
on silica in the manner described for the amine precursor to IIIb. The 
methiodide (VIIIb) was prepared in hexane. 


Structural determination for the isomer set VIIIa and VIIIb was ac- 
complished in the following manner. The recrystallized oxime (0.225 g, 
0.0011 mole) was dissolved in chloroform (10 ml), and the solution was 
heated to reflux. Excess phosphorus pentachloride was added to the 
mixture, and an exothermic reaction occurred. Following a period of 
standing, the solvent was evaporated under reduced pressure. The re- 
maining yellow semisolid was dissolved in concentrated hydrochloric acid 
(30 ml) and stirred at  reflux for 3 hr. 


The resultant mixture was cooled to 10' and extracted with two 50-ml 
portions of ether. The extracts were dried, and the solvent was removed 
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under reduced pressure. The yield was 0.147 g of the acid, mp 140-143’. 
NMR data confirmed that only 3,4-dimethylbenzoic acid was present. 
Subsequent etherification of the oxime derivable from recrystallization 
gave a product whose NMR spectrum was superimposable on the spec- 
trum of the isomer that disappeared during multiple distillation. 


Pharmacology-The anticholinergic potency of these compounds 
was determined by the classic Magnus method with quantitative proce- 
dures devised by Ariens (13). The method involves the measurement of 
spasmogen-induced intestinal contractions in the presence of the 
spasmolytic agent. The test tissue consisted of smooth muscle from the 
rat ileum. The doseeffect curves for spasmogens were determined alone, 
in the presence of the test compound, and in the presence of the standard 
spasmolytic agent. 


The dose of the spasmogen required to contract the muscle to a max- 
imal level was determined, and the data were plotted using percent re- 
sponse on a probability scale uersus dose of spasmogen (log millimolar). 
In this manner, it was possible to determine the dose of spasmogen nec- 
essary to induce 5096 contraction in the test tissue under the various 
conditions. This estimation then allowed the comparison of the relative 
activity of the compounds. 


Test samples of the methylhalide derivatives in water were prepared. 
The spasmogen (bethanechol chloride) was prepared in aqueous solution 
in dilutions of greatly different concentrations. Since the solutions were 
potentially susceptible to degradation, no solution was utilized more bhan 
2 hr after preparation. 


A glass cylinder of 80-ml capacity, with an inlet for the introduction 
of the bathing solution and for drainage, was assembled in a constant- 
temperature bath. A mechanism was devised for the constant aeration 
of the muscle in the chamber. The bathing solution was composed of 9 
g of sodium chloride, 0.4 g of potassium chloride, 0.12 g of calcium chlo- 
ride, and 0.3 g of sodium bicarbonate in 1 liter of distilled water. 


Strips of ileum of uniform length were taken from an unanesthetized 
male albino rat which had been recently sacrificed. The strip was sus- 
pended in the muscle bath chamber, and the bathing solution was added 
to constant volume (70 ml). The temperature was held constant a t  37’. 
Records of the muscle contractions were recorded using a physiograph 
with a myograph attachment. 


The method for determining dose-response curves uses successive 
geometric additions of the spasmogen without washing between dose 
increments. The spasmogen was added to the aerated bath at  regular 
intervals until maximum response was obtained. This constituted the 
control curve for the spasmogen. The muscle bath was then rinsed re- 
peatedly with the bathing solution (previously heated to 37’). After the 
muscle resumed spontaneous contractions, the unknown drug was added 
to the muscle bath. Again, the spasmogen was added in increasing 
amounts until maximum response was obtained. The muscle was re- 
peatedly washed, then the opposite isomer was added to the bath, and 
a similar sequence of treatments was used. Following repeated washing, 
the initial spasmogen-response curve was duplicated to ensure the 
muscle’s responsiveness. The data are summarized in Table 111. 


RESULTS 


Certain general activity patterns emerge. Compounds Ia, IIa, IIIa, IVa, 
Va, and VIa were uniformly more active than their (Z)-counterparts. It 
is apparent that the muscarinic receptor is stereospecific toward this 
series of geometric isomers. From this finding, it might be conjectured 
that the receptor is most nonpolar in the portion complementary to the 
(E)-aryl group. 


A second activity pattern is that the isomers are approximately equi- 
potent among the diaryl oxime ethers (VIIa, VIIb, VIIIa, and VIIIb). A 
third general activity pattern is that the diaryl compounds are all more 
active than the monoaryl compounds. The higher activity of the diaryl 
compounds is in accord with the general structure-activity relationships 
among anticholinergics. The higher activity of diaryl compounds and the 
equipotency between diaryl isomers may be explained if the nonpolar 


Table 111-Summary of the Pharmacological Data 


Dose of Test Dose of SDasmoeen. 
Compound, mMfom1ai‘- ’ Ratio 


Compound d l 7 0  ml 50% Contraction a lba  
Ia 
Ib 


IIa 
IIb 


IIIa 
IIIb 
IVa 
IVb 


3.0 X 
3.0 x 


1.09 x 10-2 
1.09 x 10-2 
1.17 X 
1.17 X 
6.17 x 10-3 
6.17 x 10-3 


29.33 (f1.40) X 
9.03 (f0.73) X 
19.4 (fO.09) x lo-’ 
7.3 (f0.34) X 


26.00 (f0.27) x lo+ 
5.90 (f0.18) x 
17.8 (f0.43) X 
5.6 (10.31) X 


3.25 


2.66 


4.40 


3.17 
3.17 


Va 5.70 x 10-3 28.05 i fo.46j  x 10-2 4.75 


VIa 7.33 X 10-3 32.68 (f0.79) x 4.39 


VIIa 1.0 x 10-5 22.0 (f0.26) X 1.01 


Vb 5.70x 10-3 6.00 (f0.42) x 
VIb 7.33 x 10-3 7.44 (f0.32) x 


VIIb 1.0 x 10-5 21.45 (f0.30) x 
VIIIa 1.8 x 10-5 17.33 (f0.36) x 0.98 
VIIIb 1.8 x 10-5 17.50 (f0.40) x 


a Values are the means of at least six separate determinations. The differences 
between the ED%% for I-VI are significant at the 0.01 level. 


portion in this area of the receptor is fairly extensive. Also, the auxiliary 
polar group often noted for the muscarinic receptor, which may be in this 
portion of the receptor, is possibly very small and would not interfere with 
the binding of a second aryl group. 
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CANCER IN THE KITCHEN? 


Pundits claim that television brought violence and sensationalism into 
the American living room. Perhaps this is true. By analogy, we are 
prompted to suggest that  saccharin has brought science and toxicity into 
the American kitchen and dining room. 


The conflicting arguments concerning this chemical substance have 
dramatically brought home to the average citizen the harsh reality of 
benefit-to-risk, of informed choice, of the fallacy of absolute safety, and 
of a host of other scientific issues, in a way that no other controversy before 
it has ever done. 


In recent years, the public has been generally puzzled by the apparent 
inability of health professionals and medical scientists to agree that this 
drug or that drug should or should not be permitted to be used in therapy. 
Similar confusion has surrounded the questions raised about food additives 
such as monosodium glutamate, diagnostic techniques such as X-rays and 
mammography, environmental pollutants such as aerosol fluorocarbons, 
and various other items which have come to be regarded as a part of ev- 
eryday life. 


But in all these cases, it  seemed that the hazards were relatively remote, 
and the perceived reliance upon-or need for-the item involved was not 
critical or even very important to a great number of people. Hence, few 
people got very excited over these matters, except to express impatience 
with the apparent inability of “the experts” to agree one way or the other 
in terms that were clearly black or white. 


Regrettably, the inability of scientists to arrive a t  such unequivocal 
answers created an attitude of suspicion and distrust on the part of much 
of the public. For example, sinister motives frequently have been ascribed 
to fluoridation of drinking water, to controls on purported health cures 
such as krebiozan and laetrile, to the establishment of automobile exhaust 
standards, and to the regulation of flights of supersonic aircraft. 


At best, these issues have been publicly perceived as selfish policies by 
a profit hungry industry. A t  worst, they have been branded as subversive 
political plots designed to destroy the physical and mental well-being of 
the general population. And always there were cries of interference with 
personal freedom and constitutional rights. No wonder, then, that science 
has lost its luster and scientists are no longer accorded the hero worship 
so common just a generation ago. 


But for all its problems, headaches, and general nuisance effect, the 
saccharin controversy has proven to have considerable educational value. 
Even the average lay person seems to have a reasonable understanding 
of the questions involved, the uncertainty of the hazard, and the hard 
choices to be made. 


Moreover, saccharin is something with which the consumer readily 
identifies. I t  is in the low calorie soft drinks, the diet foods on the super- 
market shelves, the packets of sweetener on restaurant tables. People of 
all ages are weight and calorie conscious; artificial sweeteners are felt to 
provide a convenient, economical, and taste-satisfying answer to this 
problem. 


However, only one generally acceptable artificial sweetener is currently 
available, and fuzzy questions have now been raised as to just how safe it 
is. People are very unhappy with this situation; nevertheless, they are able 
to comprehend and understand the dilemma it poses. I t  is also one that, 
a t  least for the moment, they are being forced to decide for themselves- 
does one push the button for the diet cola in the vending machine, or the 
button for the sugar-sweetened version? The choice is there, and the 
person is thirsty now. And the answer isn’t easy. 


Consequently, although the pharmaceutical world is primarily taken 
up with what impact the proposed saccharin ban will have on drug for- 
mulations and related products such as dentifrices and mouthwash, this 
far-reaching proposal has brought the general public face-to-face with the 
type of hard decision-making common to many contemporary scientific 
issues. Hopefully, this experience will provide the public with a better 
comprehension of the difficulty involved-even for “the experts”-in 
making the best choice when these kinds of situations arise in the future. 


-EGF 
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Kinetics of Indomethacin Degradation 11: 
Presence of Alkali plus Surfactant 


J. E. DAWSON, B. R. HAJRATWALAX, and H. TAYLOR 


Abstract The kinetics of indomethacin were studied in the presence 
of the surfactants ethoxylated lanolin, polysorbate 80, and cetrimonium 
bromide under alkaline conditions at 30.3'. The degradation followed 
apparent first-order kinetics. Plots of kobs versus surfactant concentra- 
tions were curved with negative slopes for nonionic surfactants; but with 
the ionic surfactant, the plots showed a marked positive change in kobs 
as the surfactant concentration passed through the critical micelle con- 
centration. Literature model systems adequately explained the data for 
nonionic surfactants but not for the ionic surfactant. A new set of equa- 
tions was derived for each case using electrochemical potentials. The 
experimental data for all three surfactants fit the derived equations quite 
well. 


Keyphrases Indomethacin-degradation kinetics in presence of ionic 
and nonionic surfactants in alkaline solutions 0 Degradation kinetics- 
indomethacin in presence of ionic and nonionic surfactants in alkaline 
solutions Kinetics, degradation-indomethacin in presence of ionic 
and nonionic surfactants in alkaline solutions 0 Surfactants, ionic and 
nonionic-effect on degradation kinetics of indomethacin in alkaline 
solutions Anti-inflammatory agents-indomethacin, degradation ki- 
netics in presence of ionic and nonionic surfactants in alkaline solu- 
tions 


In Part I of this series (l), indomethacin degradation 
in the presence of alkali was studied over a temperature 
range of 20.1-40.7'. The rate constant-hydroxyl-ion 
concentration profile was linear with a positive slope. Ac- 
tivation energies and other related parameters were cal- 
culated from Arrhenius-type plots. This report describes 
the effect of some added surfactants on the kinetics of 
degradation at  one temperature. 


EXPERIMENTAL 


Materials-All materials were analytical grade, including indo- 
methacin', sodium hydroxide, and sodium chloride. In addition, three 
surfactants were used: ethoxylated lanolin2, polysorbate 803, and cetri- 
monium bromide4. The ethoxylated lanolin was obtained from lanolin 
containing 25 ethylene oxide units. Double-distilled water from an all- 
glass still was used throughout the study. 


Kinetic Studies-Stock solutions of 2 mg of indomethacin/ml, 0.1 M 
sodium hydroxide, and 1% (w/v) surfactant were prepared. In all runs, 
2 ml of stock indomethacin was used plus a fixed volume of sodium hy- 
droxide (2,3, or 5 ml) in an increasing concentration of surfactant up to 
1%. All runs were made at  30.3" as described previously (1). 


RESULTS AND DISCUSSION 


Results for indomethacin degradation in the presence of the nonionic 
surfactants, ethoxylated lanolin and polysorbate 80, and in the presence 
of the ionic surfactant, cetrimonium bromide, are shown in Figs. 1 and 
2, respectively. 


Plots of kobs uersus surfactant concentration were usually curved, as 
with the nonionic surfactants (Fig. 1). However, with cetrimonium bro- 
mide (Fig. 21, there was a marked change in kobs as the surfactant con- 
centration passed through the critical micelle concentration (CMC). The 
CMC's of ethoxylated lanolin, polysorbate 80, and cetrimonium bromide 
are 7.15 X 8.20 X (2), and 2.09 X (% w/w), respectively, 
a t  37'. 


1 Lot L-590,229-00A108, Merck Sharp & Dohme, Rahway, N.J. 
2 Solulan 25, lot 108F, 4251, American Cholesterol Products Inc. 


4 Imperial Chemical Industries Ltd. 
Lot 1026-1740, Sigma Chemical Co. 


K s,<. - s, p,, p,,, 
P P 
Scheme I 


Model systems explaining chemical changes in the presence of mi- 
celle-forming surfactants usually have postulated that micelles formed 
in aqueous systems form a second phase into which reactants partition 
so that the ratio of concentrations in the micelle and water phases is a 
constant and that this equilibrium is maintained during chemical change. 
Rates of change are considered to be first order, as is usually observed 
in practice (Scheme I). 


In this scheme, S, and S,  represent the substrate in water and the 
micelle, respectively; C, and C, are corresponding concentrations of the 
substrate, which decomposes to product P both in water and in the 
micelle; k ,  and k ,  are rate constants for degradation of the substrate 
in water and the micelle, respectively; and the partition coefficient, K ,  
is a ratio of C, and C,. Scheme I has led to several equations relating 
observed rates to postulated contributing rates (3-5). The following 
equation is essentially that of Winterborn et al. (4): 


k ,  - k,V + k,KV 
l - V + K V  kobs = 


where kobs is the observed rate constant related to the total amount of 
the substrate in the total volume; and V is the volume fraction of the 
micellar phase, which is given by the ratio of the volume of the micellar 
phase in milliliters, V,, to the total volume in milliliters, VT. 


By rearrangement of Eq. 1: 


0%. 2) K 
Since the highest concentration of surfactant used was 1%, the largest 
value of V is approximately 0.01. Thus, Eq. 2 simplifies to: 


(1 - v)  (kw - kobs) 
V 


kobs = k ,  t - 


(Eq. 3) 


From Eq. 3, plots of kobs uersus (12, - k o b s ) / v  should be linear with 
the intercept at zero surfactant concentration equal to k ,  and the slope 
equal to 1/K (Figs. 3 and 4). Surfactant solutions (C,) were prepared on 
a weight per volume basis. Conversion of C, to V requires a knowledge 
of micelle phase density. Since it was not known, the density was arbi- 
trarily taken as 1 g/cm3. Any error should not affect graph linearity. 


L 


v) n 
0.04 


0.02 


0.0 0.2 0.4 0.6 0.8 1.0 
SURFACTANT, % 


Figure 1-Obserued rate constant, bb,. versus varying concentrations 
of surfactants in alkaline aqueous solutions a t  30.3". Key: 0, ethoxyl- 
ated lanolin in 0.002 M hydroxide-ion concentration; 0, ethoxylated 
lanolin in 0.005 M hydroxide-ion concentration; and 0, polysorbate 80 
in 0.002 M hydroxide-ion concentration. 
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0.3 


I 
c .- 
E; 0.2 
P 


-k 


0.1 p 
0.0 0.2 0.4 0.6 0.8 1.0 


CETRlMONlUM BROMIDE, % 
Figure 2-Observed rate constant, kobsr versus varying concentrations 
of cetrimonium bromide in alkaline aqueous solutions at 30.3'. Key  
(hydroxide-ion concentration): A, 0.002 M; 0,  0.003 M; and 0, 0.005 
M. 


Figure 3 shows that plots based on Eq. 4 were satisfactorily linear for 
the nonionic surfactants, but the plots show gross curvature for cetri- 
monium bromide (Fig. 4). Correcting for the fraction of surfactant not 
micellized (by subtracting the CMC from the total concentration) made 
no appreciable difference. 


Values of k, and K derived from the intercepts and slopes of Figs. 3 
and 4 are given in Table I. Values of K ,  which depend upon the value used 
for micelle density, are unlikely to be grossly in error through use of the 
value 1 g/cm3, and the choice permits comparisons to be made. The values 
of k ,  and K derived for cetrimonium bromide are of low reliability, being 
obtained from the first portion of the curves, but are included for com- 
parison. Some Eq. 3 values of k ,  in Table I are negative, which is phys- 
ically impossible. Such values may reflect experimental error or a model 
that does not account for all factors. 


Divergence from model behavior may arise from false assumptions in 
model development or from neglect of some relevant factor. One as- 
sumption that should be questioned is the maintenance of an equilibrium 
between the substrate in the water phase and in the micelle. Studies of 
transfer rates in such cases (6) show that equilibria are rapidly established 
and that this factor is not likely to be relevant. The effects of micellar and 
substrate charges on th'e phase equilibrium are neglected in the model 
used. Even with the nonionic surfactants, indomethacin in the presence 
of sodium hydroxide is ionized, so solubilized molecules will confer a 
charge on the micelle. 


For solubilized ions and charged micelles, an equilibrium between the 
phases depends on electrochemical potentials, not simply on chemical 
potentials. Thus, a t  equilibrium: 


(Eq. 4) 
- 
Piw = Tiim 


. where Piw and pi,,, are electrochemical potentials of ion i in water and the 


-Y t Q 
10.04 


8 16 24 
(kw - k o b , ) N  


Figure 3-Relctionship between observed rate constants and function 
of the volume fraction of micelles. Key: 0, ethorylated lanolin in 0.002 
M hydroxide-ion concentration; 0,  ethoxylated lanolin in 0.005 M 
hydroxide-ion concentration; and 0, polysorbate 80 in 0.002 M hy- 
droxide-ion concentration. 


0.01 6 I I I I I I I I 1  I 1  I I ,  
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Figure 4-Relationship between observed rate constants and function 
of volume fraction of cetrimonium bromide micelles. Key (hydroxide-ion 
concentration): A, 0.002 M; A, 0.003 M; and A, 0.005 M. 


micelle, respectively. The bulk of the water phase is arbitrarily assigned 
a zero potential, while the micelle has potential &,. When using molar 
concentrations, Ci, as approximations for activities and Zi for ion valency, 
the following equation can be written (7) :  


poiw + RT In Ci, = poirn + RT In Ci, + ZiFb,,, (Eq. 5) 


where F is the Faraday constant, R is the gas constant, and the f ioi  terms 
refer to standard ordinary chemical potentials. Upon rearrangement, Eq. 
5 vields: 


(Eq. 6) 


ci,= K' exp (-ZiF@,/RT) (Eq. 7 )  


The effect of charge and surfactant concentration on the right-hand 
side of Eq. 7 may be approximated on the basis of simplified colloid 
theory. Such a treatment (see Appendix) leads to expressions for ZiF& 
as follows. 


Ciw 


For nonionic surfactants: 


For the ionic surfactants: 


(Eq. 8) 


(Eq. 9) 


where n is the micelle aggregation number, A ,  is the surface area of the 
micelle, X i ,  is the counterion concentration not derived from surfactant 
ions, C,, is the counterion concentration derived from the surfactant, and 
K 1  and Kz  (see Appendix)  are constants. 


I "  
0.03 ' 


i 0 . 0 2 .  


E 
c .- 


Y) 


P 
0 * 


0.01 


/ 


0 8 16 24 


- (kw - &obs) 
V exp (-ZjF&,/RT) 


Figure 5-Relationship between observed rate constants and the 
function of the  micellar potential. Key: 0, ethoxylated lanolin in 0.002 
M hydroxide-ion concentration; 0, ethoxylated lanolin in 0.005 M 
hydroxide-ion concentration; and 0, polysorbate 80 in 0.002 M hy-  
droxide-ion concentration. 
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Table I-Rate Constants (Minutes-') for Scheme I based on Eqs. 
3 and 11 for  Various Surfactants in  Varying Concentrations of 
Hvdroxide Ion 


From Eq. 3 From Eq. 11 
Hydroxide K K 


Surfactant Ion,M k ,  k ,  k ,  (10-2) 


Ethoxylated 0.002 0.039 -0.013 2.2 -0.007 2.9 


Polysorbate 80 0.002 0.036 -0.004 2.2 -0.001 3.0 
lanolin 0.005 0.096 -0.012 2.7 -0.008 3.2 


Cetrimonium 0.002 0.040 0.080 3.6 0.044 0.2 
bromide 0.003 0.061 0.120 3.5 0.071 0.2 


0.005 0.100 0.205 3.5 0.160 0.3 


Table 11-Observed First-Order Rate Constants for the 
Degradation of Indomethacin in Alkaline Solutions in the 
Presence of Varying Concentrations of Ethoxylated Lanolin a t  
30.3" 


Concentrationb 


tion, of Micellar in Micelles B hobs, 
% (w/v) Phase (V)  (C,), M RT min-1 


Surfactant Volume of 
Concentra- Fraction" Indomethacin exp 


In Presence of 0.002 M NaOH 
- 0 0 0 


0.1 0.001 0.027 0.77 
0.2 0.002 0.022 0.81 
0.4 0.004 0.016 0.86 
0.6 0.006 0.012 0.98 
0.7 0.007 0.011 0.90 
0.9 0.009 0.009 0.92 
1.0 0.010 0.008 0.92 


In Presence of 0.005 M NaOH 
- 0 0 0 


0.1 0.001 0.029 0.84 
0.2 0.002 0.023 0.87 
0.4 0.004 0.016 0.91 
0.6 0.006 0.012 0.93 
0.7 0.007 0.011 0.94 
0.9 0.009 0.009 0.95 
1.0 0.010 0.008 0.95 


a Assuming micellar density = 1. * From Eq. 10. c k ,  


3.85 X 
2.96 X lo-* 
2.27 X 
1.39 X 
9.50 x 10-3 
7.64 x 10-3 
5.13 x 10-3 
4.06 x 10-3 


9.63 X 
7.37 x 10-2 
4.88 X 
3.65 x 
3.21 X 
2.77 x 10+ 
i.90 x i o - 2  
1.82 X 


The "uncharged" partition coefficient, K of Eq. 7, is equivalent to exp 
( - A p o / R T )  and is a constant, so it does not change. The value of Ci,/Ci,,, 
of Eq. 7 will be decreased with nonionic surfactants because of the sign 
of ZiF& and will be increased with the ionic surfactant because C, in 
Eq. 8 depends on C, (see Appendix) and is given by: 


K'CT exp (-ZiF&/RT) 
1 - V + K V  exp (- ZiF@,/RT) c, = 0%. 10) 


where the value of ZiF& is obtained from either Eq. 8 or 9, depending 
upon whether the surfactant is nonionic or ionic. Because 6, contains 
C,, an iterative calculator program was used for evaluation of C, from 
Eq. 10. It is also necessary to assume a value for K to solve Eq. 10. Tables 
11-IV show values for exp(-ZiF@,/RT). 


The "charged" partition coefficient, K' exp (-ZiF&/RT) of Eq. 7, 
corresponds to partition coefficient K of Eqs. 1-3 and should replace 
it. 


Table 111-Observed First-Order Rate Constants for the 
Degradation of Indomethacin in 0.002M NaOH in the Presence 
of Varying Concentrations of Polysorbate 80 a t  30.3" 


Surfactant Volume of 
Concentration 


Concentra- Fraction" Indomethacin exp 
tion, of Micellar in Micelles (-ZiFdm) kobs ,  


% (w/v) Phase ( V )  (Cm), M RT min-' 


0 0 0 - 3.66 x 
0.1 0.001 0.027 0.77 3.29 x io-2 
0.2 0.002 0.022 0.81 2.44 X 
0.4 0.004 0.016 0.86 1.71 X 
0.6 0.006 0.012 0.89 1.26 X 
0.7 0.007 0.01 1 0.90 1.18 x 
0.9 0.009 0.009 0.92 9.74 x 10-3 
1.0 0.010 0.008 0.92 8.38 X 


Table IV-Observed First-Order Rate Constants for the 
Degradation of Indomethacin in Alkaline Solutions in the 
Presence of Varying Concentrations of Cetrimonium Bromide at 
30.3" 


Surfactant Volume of 
Concentra- Fractiona Indomethacin exp 


Concentrationb 


tion, of Micellar in Micelles !I!?!?d kpbs, 
% (w/v) Phase (V)  (C,), M RT min-1 


In Presence of 0.002 M NaOH 
0 0 0 4.01 x 
0.025 0.00025 0.21 210 4.39 x 10-2 
0.05 0.0005 0.12 140 9.90 X 
0.1 0.001 0.058 69 2.04 X 10-l 
0.2 0.002 0.027 30 2.04X 10-1 
0.4 0.004 0.013 13 1.69x lo-' 
0.6 0.006 0.0096 8.8 1.28 X 10-1 
0.7 0.007 0.007 7.6 1.28 X lo-' 
0.9 0.009 0.006 6.1 1.08 X 10-1 
1.0 0.01 0.005 5.6 8.89 X 


0 
0.025 
0.05 
0.1 
0.2 
0.4 
0.6 
0.7 
0.9 
1.0 


0 
0.025 
0.05 
0.1 
0.2 
0.4 


1.0 


In Presence of 0.003 
0 0 
0.00025 0.14 
0.0005 0.088 
0.001 0.049 
0.002 0.025 
0.004 0.012 
0.006 0.008 
0.007 0.007 
0.009 0.006 
0.01 0.005 


0 0 
0.075 0.00025 


0.0005 0.056 
0.001 0.036 
0.002 0.021 
0.004 0.011 
0.006 0.008 
0.007 0.007 
0.009 0.006 
0.01 0.005 


In Presence of 0.005 


M NaOH 


110 
79 
47 
24 
12 
8.3 
7.2 
5.9 
5.4 


6.13 X 
8.45 X 
1.58 X lo-' 
2.67 x 10-I 
3.15 X 10-l 
2.24 X lo-' 
1.93 x 10-1 
1.62 X lo-' 
1.51 X lo-' 
1.48 X lo-' 


M NaOH 
1.00 x 10-1 


46 1.07 x 10-1 
38 2.48X lo-' 
28 3.65x lo-' 
18 3.85x 10-1 
10 3.47x 10-1 
7.5 3.01 x 10-1 
6.7 2.77 X 10-1 
5.5 2.48 x 10-1 
5.2 2.48 X lo-' 


a Assuming micellar density = 1. 


Equation 3 can now be rewritten (combining Eqs. 7 and 3) as: 


From Eq. 10. c ku,. 


Plots of kobs versus ( k ,  - kobs)/V exp(-Z,F@,/RT) were satisfactorily 
linear and much improved (Figs. 5 and 6) over plots of kobs uersus (kLu 
- k,b) /V for cetrimonium bromide results (compare Figs. 4 and 6). The 


- (kw - kobs)  


V exp (-ZiF&JRT) 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 


I_ 


i 0.4 5 0.4 - 
A 


I 
C 'i 0.3- 
B *oo.2;i, 0.1 0.0 2.0 4.0 6.0 8.0 10.0 12.0 


(kw - koba) 


1 ,  


0.0 2.0 4.0 6.0 8.0 10.0 12.0 


(kw - koba) 


V exp (-Zf@,/RT) 


Figure 6-Relationship between observed rate constants and function 
uf cetrimonium bromide micellar potential. Key (hydroxide-ion con- 
centration): A, 0.002 M; A, 0.003 M; and A, 0.005 M. a Assuming micellar density = 1. From Eq. 10. c k ,  


Vol. 66, No. 9, September 1977 / 1261 







intercept gave the value of k,, and the slope was equal to 11K’. A repeat 
of the calculation process using the K’ values obtained from these plots 
only slightly altered the values of the constants (Table I). 


Values of k ,  obtained in this way are near zero for nonionic surfactants. 
consistent with the absence of a rate increase in the presence of surfac- 
tants for indomethacin decomposition. Values of k ,  obtained for the ionic 
surfactant are larger than k,. values but not greatly so. 


Negligibly low micellar rates for nonionic surfactants are a result of 
the near zero k ,  values. The rate constant k ,  is a composite quantity, 
containing k,O(OH-], h,” being the value a t  unit hydroxide-ion con- 
centration. The micellar concentration of hydroxide ion must be near zero 
through repulsion of this ion by the negative charge conferred on 
the nonionic surfactant micelles through solubilization of ionized in- 
domethacin. 


Values of the partition coefficient K obtained for nonionic surfactants 
are considerably larger than those obtained for the ionic surfactant. This 
unexpected result may be due to the simplifications and assumptions 
made in the derivation. For C, and k ,  also, the simplifications and as- 
sumptions mean that no great reliance can be placed on their numerical 
values. Nevertheless, the improvements in plot linearity, especially for 
the ionic surfactant, support the general approach and stimulate further 
work to evaluate unknown quantities and to test the hypothesis more 
rigorously. 


APPENDIX 


Assumptions-Several assumptions were made to permit calcula- 


1. The micelle phase density was 1 glml in all cases. 
2. The surfactant molecular weights were: ethoxylated lanolin, 1500; 


polysorbate 80,1300; and cetrimonium bromide, 360 (on the basis of the 
approximate composition). 


3. The initial K‘ values chosen were 300 for nonionic surfactants and 
200 for cetrimonium bromide [literature values vary from 20 to 5000 (4, 
8,911. 


4. The CMC value of a surfactant was a negligible proportion of the 
total surfactant concentration. 


5. Indomethacin was completely ionized. 
6. Micelles are spherical. The volume of a micelle, Vml, is given by: 


tion: 


where r is the radius of the micelle. The volume of a micelle also can be 
obtained as: 


(Eq. A2) 


where M is the molecular weight of the surfactant, n is the aggregation 
number, N is Avogadro’s number, and pm is the density of a micelle. 
Equations A1 and A2 yield: 


(Eq. A3) 


Since the surface area of a sphere is given by 47rr2, the surface area of a 
micelle, A,, is then given by: 


(Eq. A4) 


7. The micelle aggregation numbers are 100 for nonionic surfactants 


8. Hydroxide ions are not specifically adsorbed. 
9. As a result of counterion adsorption into the stern layer, the effective 


value of ZjF& is reduced to one-fifth of the value given by Eq. A13 for 
nonionic surfacts and to one-tenth of the value given by Eq. A14 for the 
more highly charged cetrimonium bromide micelles (10). 


Derivation of Eqs. 8 and 9-The surface charge density, u, of the 
double layer around a spherical particle is given by (11): 


(Eq. A5) XE u = -  
47r 


where is the electrical potential, c is the dielectric potential, and the 
quantity l/x is a rough measure of the thickness of the double layer, 6 (12). 
Treating a micelle as a charged spherical colloidal particle and applying 
and rearranging Eq. A5 give micelle potential #, (in place of $=I as: 


(Eq. A6) 


and 50 for retrimide (9). 


$.x 


47r60, 
b n  =- 


where urn is the surface charge density and c is the dielectric constant for 
water. Double layer thickness, 6 ,  is given by (13): 


(Eq. A7) 


where KS is a combination of fundamental constants and temperature 
[K, = 4rK3eFIc = 1.44 X lo6; Kz = O.lVMIC, = lop3 Mlp, = 1.5 for 
ethoxylated lanolin, 1.3 for polysorbate 80, and 0.36 for cetrimonium 
bromide; and KS = {ekT/[(8?re2)(6.02 X 1020)])1/2 = 4.97 X 10-9],Z is the 
counterion valency, and C;, and Cis are molar concentrations of coun- 
terions in water and the surfactant, respectively. 


The surface charge density of the micelle, urn, can be obtained from 
the ratio of the total charge on all ions in the micelle surface to the mi- 
cellar surface area, A,. If Z, is the charge on the surfactant ions (n in the 
micelle) and if Zi is the charge on the number of counterions, then: 


(Eq. A81 ) 
ne 0.001 ZZjV,Cj,N 
A m  


u , = - - ( z , +  nu 


where n is the micelle aggregation number, e is the electronic charge, V, 
is the volume of micellar phase, u is the number of micelles, N is Avoga- 
dro’s number, and Ci, is the molar concentration of counterions in mi- 
celles. 


The number of micelles, Y, in the total volume, VT, is given by: 


(Eq. A9) 


where M is the molecular weight of the surfactant, and C, is the surfactant 
concentration. Substitution of Eq. A9 into Eq. A8 gives: 


ne 
0, = - (z, + ‘ZiCim) (Eq. A101 


A m  C S  


Since all ions are univalent in this work, Eq. A10 reduces to: 
ne 


a, = - (Zs + K28Cim) (Eq. A l l )  
A m  


Combining Eqs. A6, A7, and A l l  yields: 


Multiplying each side by ZjF and combining constant terms yield: 


(Eq. A13) 


The sign of Z,F& will be a combination of the signs of 2, and 4,. Since 
the solubilization of indomethacin ions is considered here, 2, is negative. 
For the nonionic micelles, incorporation of indomethacin ions makes (P, 
negative so that Z,F& is positive. For positively charged surfactant ions, 
solubilization alters the total charge but is unlikely to alter its sign. 
Therefore, for cetrimonium bromide micelles, Z,FQ$,, is negative. 


Equation A13 can be put into a more useful form if the values for Z,, 
C,,, ZC,,, and ZC,, can be obtained for nonionic and ionic surfac- 
tants. 


Values for Z,-For nonionic surfactants, Z, = 0. For ionic surfactants, 
z, = +I. 


Values for C,,-For nonionic surfactants, C,, = 0. For ionic surfactants, 
c,, = c,. 


Value far ZC,,-Since the only ion likely to be solubilized is that of 


Value far ZC,,.,-For nonionic or ionic surfactants, the value of C,, 


CT = v c m  + (1 - v)c ,  (Eq. A14) 


where C,, C,, and CT are the concentrations of indomethacin in the 
micelle, water, and the total volume, respectively. 


indomethacin, BC,, = C,. 


could be found using: 


Solving for C, yields: 


(Eq. A151 


Since the highest value of V in this study is 0.01, then: 


c w  = CT - vc, (Eq. A16) 


Since: 


Z c i w  = CNaOH + c w  (Eq. A17) 
for ionic surfactants and: 


ZC;,, = c,, (Eq. A181 
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for nonionic surfactants, substituting Eq. A16 in Eqs. A17 and A18 
y i e 1 d s : 


Xc,, = CNaOH + CT - v c m  (Eq. A19) 


for ionic surfactants and: 


zc,, = cr - vc, (Eq. A20) 


By substituting values for Z,, C,,, BC,,, and ZC,,,, Eq. A13 is reduced 
for nonionic surfactants. 


to: 


(Eq. A21) 


for nonionic surfactants and: 


for the ionic surfactant. Equations A21 and A22 are equivalent to Eqs. 
8 and 9. 


Evaluation of C, (Derivation of Eq. 10)-The value for C, can be 
obtained as follows. Since the only ion likely to be solubilized is that of 
indomethacin, then C;, = C, and Ci, = C,. When solving Eq. 7 for 
C,: 


C, 
K‘ exp (-ZiF&IRT) 


c,, = (Eq. A23) 


Equation A23 is equal to Eq. A15. Solving for C, yields Eq. 10. 
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High-pressure Liquid Chromatographic-Mass Spectrometric 
Determination of Ag-Tetrahydrocannabinol in 
Human Plasma following Marijuana Smoking 


J. L. VALENTINEx, PAUL J. BRYANT, PAUL L. GUTSHALL, 
OWEN H. M. GAN, PATRICIA D. LOVEGREEN, 
EVERETT D. THOMPSON, and HSIEN CHI N I U  


Abstract 0 A method was developed for analyzing Ag-tetrahydrocan- 
nabinol (I) ,  a psychotomimetic constituent found in marijuana smoke. 
The developed method utilizes a high-pressure liquid chromatographic 
(HPLC) gradient elution program to separate I from the other major 
cannabinoids in marijuana smoke. To achieve the sensitivity required 
to detect I in human plasma following marijuana smoking, a mass spec- 
trometric quantification method was developed to analyze the HPLC 
eluant. To 1 ml of human plasma was added a known amount of internal 
standard, trideuterated I. This stable isotope provided a check on ex- 
traction efficiency, a marker for UV monitoring of the HPLC effluent 
and subsequent collection, and a convenient mass for mass spectrometric 
quantification. An ion-counting techique was used in conjunction with 
the peak matching accessory of the mass spectrometer to provide for a 
rapid comparison between molecular ions of I and the internal standard. 
The method was linear, accurate, and reproducible over the concentration 
range expected for I in plasma following marijuana smoking; 2.5 ng/ml 


was the lower practical limit of detection. Plasma from 11 male subjects 
was analyzed by the method a t  appropriate intervals up to 24 hr after the 
smoking of a marijuana cigarette containing 10.8 mg of I. Results dem- 
onstrated that levels of I could be determined accurately in the plasma 
of marijuana smokers in the 1-hr period following smoking. 


Keyphrases 0 A9-Tetrahydrocannabinol-high-pressure liquid chro- 
matographic-mass spectrometric analysis, human plasma after smoking 
marijuana High-pressure liquid chromatography-mass spectrome- 
try-analysis, A9-tetrahydrocannabinol, human plasma after smoking 
marijuana 0 Marijuana constituents-A9-tetrahydrocannabinol, high- 
pressure liquid chromatographic-mass spectrometric analysis, human 
plasma after smoking marijuana Psychotomimetic agents-A9- 
tetrahydrocannabinol, high-pressure liquid chromatographic-mass 
spectrometric analysis, human plasma after smoking marijuana 


Marijuana smoking is quite prevalent in certain seg- 
ments of the populace in the United States (1). Most 
marijuana contains four principal constituents (2): A9- 
tetrahydrocannabinol (I), cannabidiol (II), cannabinol 


(111), and cannabichromene (IV). Compound I is believed 
to be responsible for the psychotomimetic properties of 
marijuana (3). Some of the physiological responses in hu- 
mans were shown to change following smoking of cigarettes 
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Biopharmaceutic Factors that Influence Effects of 
Anticholinergic Drugs: Comparison of Propantheline, 
Hexocyclium, and Isopropamide 


BARBARA GRUNDHOFER * and MILO GIBALDI 


Abstract 0 The antisecretory (determined from salivary flow rates) and 
antimotility (determined from riboflavin absorption) effects of usually 
recommended doses of propantheline, hexocyclium, and isopropamide 
were compared in four adult volunteers. Both propantheline and hexo- 
cyclium significantly decreased salivary flow and increased riboflavin 
absorption. Although the usual dose of propantheline was about twice 
as effective as the usual dose of hexocyclium in suppressing salivary flow, 
these doses produced comparable effects on riboflavin absorption. Iso- 
propamide had little or no effect on either the salivary flow rate or ribo- 
flavin absorption. Propantheline and hexocyclium elicited little effect 
on salivary flow when administered after a meal. Prolonged-release 
dosage forms of these drugs produced effects comparable to those pro- 
duced by much smaller doses in conventional tablets and gave no indi- 
cation of providing prolonged anticholinergic effects. 


Keyphrases 0 Propantheline-antisecretory and antimotility effects 
compared to hexocyclium and isopropamide, humans 0 Hexocyclium- 
antisecretory and antimotility effects compared to propantheline and 
isopropamide, humans Isopropamide-antisecretory and antimotility 
effects compared to propantheline and hexocyclium, humans 0 Antise- 
cretory effects-propantheline, hexocyclium, and isopropamide com- 
pared, humans Antimotilit,y effects-propantheline, hexocyclium, and 
isopropamide compared, humans Anticholinergic agents-pro- 
pantheline, hexocyclium, and isopropamide, antisecretory and antimo- 
tility effects compared, humans 


Anticholinergic agents are among the most widely pre- 
scribed drugs for GI disorders (1). Their principal thera- 
peutic effects are inhibition of gastric acid production and 
reduction of GI motility. Direct evaluation of the anti- 
cholinergic effects of a drug is difficult and causes dis- 
comfort to the patient, but relatively simple and nonin- 
vasive methods are available to evaluate such effects in- 
directly. 


The antisecretory effect of anticholinergics is relatively 
nonspecific; suppression of gastric acid output is accom- 
panied by a reduction in the secretion of pancreatic juice 
and saliva (1). Studies in which gastric acid and salivary 
secretions were measured simultaneously after adminis- 
tration of an anticholinergic drug indicated parallel de- 


Table I-Suppression of Salivary Secretion (Milliliters) 


Mean 
Treatment M B W A  f SD 


Conventional Dosage Forms 


Subject 


Propantheline,15 175 284 171 216 2 1 2 f 5 2  


Hexocyclium,25mg 104 184 102 60 1 1 2 6  52 
Isopropamide,5mg 0 58 58 3 30 f 33 


mg 


Conventional Dosage Forms with Food 
- Propantheline, 15 - - 18 0 


18 f 12 
mg 


Hexocyclium,25mg 3 17 18 33 
Prolonged-Release Dosage Forms 


Propantheline,30 38 246 64 225 1 4 3 6  107 


Hexocyclium,75mg 100 149 88 174 1 2 8 f 4 1  
mg 


creases in flow rates (2). With the salivary flow rate as an 
index of anticholinergic response, the bioavailability of 
propantheline was reduced when the drug was given after 
a meal or in a sustained-release tablet compared to the 
bioavailability after administration of conventional tablets 
to fasted subjects (3). 


Changes in GI motility can alter significantly the bio- 
availability of certain drugs. For example, propantheline 
increased the absorption of riboflavin in healthy volunteers 
(4) and of digoxin in patients ( 5 ) ,  presumably by increasing 
the residence time of the drug at  optimal absorption sites 
in the GI tract. Hence, changes in the absorption of such 
drugs may be a useful index of the antimotility effect of 
anticholinergic drugs. 


The present study was undertaken to compare the ef- 
fects of recommended doses of certain anticholinergic 
drugs on secretory activity, as reflected by the salivary flow 
rate, and GI motility, as reflected by riboflavin absorption 
in healthy volunteers, and to determine the influence of 
food and dosage form on these effects. 


EXPERIMENTAL 


Four male volunteers, 21-29 years of age and weighing 59-75 kg, were 
in apparent good health and gave informed consent. 


The following drugs were studied: propantheline bromide’, 15 mg; 
isopropamide iodide2, 5 mg; and hexocyclium methylsulfate3, 25 mg. 
Pr~pantheline~, 30 mg, and hexocyclium5, 75 mg, prolonged-acting dosage 
forms also were studied. Riboflavin 5’-phosphate was obtained com- 
mercially6. 


Each subject received a single dose of each drug in the form of a con- 
ventional or prolonged-action tablet on the morning after an overnight 
fast. Food was withheld for an additional 3-4 hr after drug administra- 
tion. All subjects were asked not to ingest any drugs or vitamins for a t  
least 72 hr before and after each experiment. 


The flow rate of mixed saliva was determined immediately before drug 
administration and a t  30-min intervals thereafter for 6 hr in the manner 
described previously (3). During the study, on a nondrug day, normal 
salivary flow rates were determined in each fasting subject over the same 
time period. 


Single doses of propantheline, 15 mg, or hexocyclium, 25 mg, were also 
taken immediately after a standard breakfast consisting of 60 g of corn- 
flakes and 500 ml of milk, and salivary flow rates were determined. 
Normal salivary flow rates were determined on a nondrug day following 
the standard breakfast. 


Each volunteer received an amount of riboflavin 5’-phosphate equiv- 
alent to 150 mg of riboflavin/m2 of body surface area. The vitamin was 
dissolved in 200 ml of water and taken orally in the morning on an empty 
stomach. No food was permitted for 3 hr. This study was carried out on 
two occasions. In other experiments, the subjects received propantheline, 
15 mg, isopropamide, 5 mg, or hexocyclium, 25 mg, 1 hr before ingestion 
of the vitamin solution. Urine was collected for 24 hr. Total riboflavin 
was determined fluorometrically (6); the data were corrected for normal 


1 Pro-Banthine, various lots, Searle. 
Darbid. lot 14D62. Smith Kline & French. 


3 Tral, lot 28-521-AF-22, Abbott. 
4 Pro-Bantheline P.A., lot 875-503, Searle. 
5 Tral Gradumet. lot 43-555-AF-26, Abbott. 
6 Roche Chemical Division. 
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Figure 1-Comparison of effects of propantheline, 15 mg (Oh and 
hexocyclium, 25 mg (v), on salivary flow in a healthy Volunteer. The 
horizontal solid line indicates the mean normal salivary flow rate, and 
the broken lines denote the mean f 1 SD. 


physiological riboflavin excretion, which was determined from 24-hr 
blank collections of urine. 


RESULTS AND DISCUSSION 


The effect of various treatments on the salivary flow rate was estimated 
by determining the total area under the response (salivary flow) uersus 
time curve over 6 hr as described previously (3) (Table I). 


Administration of propantheline, 15 mg, in a conventional tablet under 
fasting conditions resulted in the most pronounced suppression of the 
salivary flow rate. Hexocyclium also reduced salivary flow but produced 
only about one-half the effect, on the average, of propantheline. Pro- 
pantheline tended to evoke a more rapid and intense response after a 
single dose than did hexocyclium (Fig. 1). 


Single 5-mg doses of isopropamide had little or no effect on the salivary 
flow rate (Table I). These findings are consistent with earlier reports 
indicating that doses of 10 mg (maximum recommended) or more are 
necessary to inhibit salivary flow and gastric acid secretion (1,7). 


Neither propantheline nor hexocyclium had much effect on salivary 
flow when administered after a standard breakfast (Table I). The fact 
that food decreases or abolishes the anticholinergic effect is a clinically 
relevant observation, since these drugs are usually prescribed to be taken 
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Figure 2-Comparison of effects of different dosage forms of pro- 
pantheline on salivary flow in a healthy volunteer. Key: 0, pro- 
pantheline, 15 mg, in a conuentional tablet; and 0, propantheline, 30 
mg, in a prolonged-release dosage form. See Fig. 1 for additional de- 
tails. 


HOURS 


Table 11-Urinary Excretion of Riboflavin (Percent of Dose) 


Mean 
Treatment M B W A  f SD 


Subject 


First control study 1.0 2.0 3.0 2.7 2.0 o.6 
Second control study 1.2 2.2 2.1 1.6 
Propantheline, 15 mg 4.2 3.4 3.8 3.2 3.6 f 0.5” 
Hexocyclium, 25mg 3.7 3.8 5.4 3.2 4.0 f 1.0” 
IsoDroDamide. 5 mg 1.5 3.3 2.0 3.8 2.6 f 1.1 


Significantly different from control value, p < 0.05, paired t test. 


with meals. Maximal effects are likely to occur when the drug is given 1 
to 2 hr before a meal. However, under these conditions, the degree of 
salivary suppression may be sufficient to interfere seriously with masti- 
cation and swallowing. If an anticholinergic is to be given immediately 
before or after a meal, larger doses than those currently recommended 
are required. 


The present study continues to raise serious questions regarding the 
value of prolonged-release dosage forms of anticholinergic drugs. Pre- 
viously, one lot of propantheline, 30 mg, failed to affect salivary flow (3). 
A newer lot, marketed after a major recall, was investigated during this 
study and was improved, but it was still less bioavailable than the con- 
ventional tablets. The prolonged-release form of propantheline produced 
effects comparable to the conventiopal dosage form in two subjects and 
less than the conventional form in the two others, even though the pro- 
longed-release tablet contained twice as much drug (30 versus 15 mg) 
(Table I). In subjects showing comparable salivary suppression after ei- 
ther the conventional tablet or the prolonged-release tablet, the only 
difference in the effects produced by each was a delay in onset of salivary 
suppression after the prolonged-release form (Fig. 2). In no instance was 
there an indication of prolonged activity compared to that observed with 
the conventional tablet. 


In general, the total salivary suppression and the time course of this 
effect resulting from 75 mg of hexocyclium in a prolonged-release dosage 
form were comparable to those observed after a 25-mg dose in a con- 
ventional tablet (Table I). The commercially available prolonged-release 
dosage forms of propantheline or hexocyclium appear to offer no ad- 
vantage over considerably smaller doses in conventional dosage forms. 


The effect of propantheline, hexocyclium, or isopropamide on ribo- 
flavin absorption is shown in Table 11. Cumulative riboflavin excretion, 
corrected for excretion of endogenous and dietary riboflavin, was used 
as an index of the extent of absorption of the vitamin after the test dose. 
Excretion of apparent riboflavin in the absence of a test dose averaged 
1.14 mg/24 hr in this panel of subjects. This result is in excellent agree- 
ment with a value of 1.0 mg/24 hr previously observed in five other 
subjects (4). A control study was carried out at the beginning of the in- 
vestigation and a second one at the end of the investigation, several 
months later. Excretion of riboflavin ranged from 1 to 3% of the test dose. 
No significant differences were noted between the results of the first and 
second control studies. 


Both propantheline and hexocyclium increased the extent of riboflavin 
absorption by about twofold. These statistically significant increases 
probably reflect the inhibitory effect of these drugs on gastric emptying 
and the intestinal transit rate. Although, a t  the usually recommended 
doses, propantheline was more effective than hexocyclium in reducing 
salivary flow, no difference in their effect on riboflavin absorption was 
noted. A 5-mg dose of isopropamide, which had little effect on salivary 
flow, failed to increase riboflavin absorption significantly. 


The findings that propantheline and hexocyclium exert a quantita- 
tively different effect on the salivary flow rate (probably reflective of 
changes in gastric acid output) but a quantitatively comparable effect 
on riboflavin absorption (probably reflective of changes in GI motility) 
suggest that a degree of selectivity in pharmacological response may be 
obtained through careful selection of anticholinergic drugs. 
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General Class of Multiparticulate Dissolution Models 


PETER VENG PEDERSENx and K. F. BROWN 


Abstract The dissolution of multiparticulate systems under sink and 
nonsink conditions can be described rigorously according to a generally 
applicable formula on the basis of the single-particle dissolution model 
and the initial particle distribution. The kinetic model for log-normal 
systems dissolving under sink conditions is extended to nonsink condi- 
tions as a specific example. The equation presented describes a general 
class of multiparticulate models for various values of the dispersion pa- 
rameter and the dissolution capacity coefficient. 


Keyphrases Dissolution model-multiparticulate systems under sink 
and nonsink conditions, generally applicable equations derived 0 Models, 
dissolution-multiparticulate systems under sink and nonsink condi- 
tions, generally applicable equations derived Multiparticulate sys- 
tems-dissolution model under sink and nonsink conditions, generally 
applicable equations derived 


Characterization of dissolution behavior is often facili- 
tated by the use of an appropriate mathematical model 
that enables the process to be summarized in terms of one 
or more parameters such as the dissolution rate constant. 
Since most dissolution tests are performed under nonsink 
conditions, the kinetics under such conditions are of in- 
terest. Various nonsink dissolution equations for mul- 
tiparticulate systems have been derived (lkl), but they are 
based on monodisperse systems which are rarely met in 
practice (5). 


A proper characterization of dissolution behavior must 
account for the particle-size distribution. This paper 
provides a general and rigorous description of dissolution 
under nonsink conditions on the basis of a single-particle 
dissolution model and the initial particle distribution. 
Log-normal powders are considered as a specific example. 
The equation presented describes a large class of mul- 
tiparticulate dissolution models for various values of the 
dispersion parameter and the dissolution capacity coeffi- 
cient. 


THEORY 


A previous publication (6) showed how the dissolution kinetics of a 
multiparticulate system can be rigorously described theoretically when 
the single-particle dissolution equation is known together with the initial 
particle-size distribution. Although equations for the general case (Eqs. 
12 and 13 in Ref. 6) were derived assuming sink conditions, they can also 
be applied to nonsink dissolution. 


In the current context, sink condition is defined as interparticle in- 
dependent dissolution'. This condition may be closely approximated in 
a noncumulating, open, flow-through system (7). A nonsink condition 
is defined as the condition in a solute-cumulating, closed system, where 
the particles are exposed to the same bulk concentration of solute. Dis- 
solution according to the latter definition implies agitation that is intense 
enough to give a homogeneous bulk solute concentration and to suspend 
the dissolving particles freely in the vehicle. 


The only difference between the mathematical description of the two 
systems is that, for nonsink conditions, dissolution is influenced by the 
bulk concentration of solute; therefore, the single-particle dissolution 
equation contains an additional time-dependent variable. Since this 
variable is a function of the total dissolution behavior of the system, 
mathematical analysis leads to an integral equation describing mul- 
tiparticulate nonsink dissolution kinetics. 


These principles can be illustrated on the hasis of the well-known 
Noyes-Whitney kinetics (8) for log-normal powders and spherical par- 
ticles without loss of generality. The choice of a log-normal distribution 
to approximate the initial particle distribution appears appropriate 
considering previous investigations (7,9,10). 


Single-Particle Dissolution Equation-Consider a single spherical 
particle, in a polydisperse system, dissolving under nonsink conditions 
according to the Noyes-Whitney model: 


dwldt = -kis(ci - C )  = - k 2 ~ * / ~ [ c ~ . -  (Wo - W)/V] (Eq. 1) 


where w is the weight of the particle, s is its surface area, and c, is the 
interfacial solute concentration which, in most cases, is close to the sol- 
ubility concentration, c,. Let it be assumed that k l  and kz = 4 ~ ( 4 / 3  
T P ) - ~ / ~ ~ ~  ( p  = density) are constants not dependent on the particle di- 
ameter. Such an assumption is reasonable, since it leads to the well-es- 
tablished cube root model (1) under sink conditions (c = 0). If the sin- 
gle-particle dissolution kinetics are different from the Noyes-Whitney 
kinetics (11) or if k (Eq. 1) is not constant, then the multiparticulate ki- 
netics can still be treated similarly to the cases considered below. The 
bulk solute concentration, c (Eq. l ) ,  is, according to the definition of 
nonsink conditions, equal to the ratio of the amount of powder dissolved, 
( WO - W ) ,  to the vehicle volume, V. 


It is useful to introduce the dissolution capacity coefficient defined 
by: 


(Eq. 2) (Y = [(csV - W0)/W0Jl/3 = [(c,V - Wo)/Wo]1/3 


Equation 1 then integrates to yield: 


For comparison with earlier derivations (6, 12), it is convenient also to 


This definition is different from the usual definition, which defines a sink 
condition as a condition where the solute bulk concentration does not increase 
bevond a small fraction (10-1536) of the solubility concentration. 
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N-Glucopyranosyl-5-aralkylidenerhodanines: 
Synthesis and Antibacterial and Antiviral Activities 


WILLIAM 0. FOYE and PHICHAI TOVIVICH * 


Abstract 0 A series of N -  (2,3,4,6-tetra-0-acetyl-@-D-glucopyranosyl)- 
5-aralkylidenerhodanines was synthesized, and the acetyl groups were 
removed to give N-~-D-glucopyranosyl-5-aralkylidenerhodanines without 
cleavage of the rhodanine ring by means of acid hydrolysis. Alkaline 
hydrolysis with ammonia in methanol resulted in cleavage to N-glu- 
cosylthiourea, providing evidence for N-glycoside formation. A number 
of the rhodanine derivatives, especially those with nitro or chloro groups 
in the aromatic ring, showed antibacterial activity. N-0-D-Glucopyra- 
nosyl-5-(4-nitrobenzylidene)rhodanine showed antiviral activity by in- 
hibition of viral RNA synthesis. Some effect on blood sugar levels also 
was observed with several rhodanines. 


Keyphrases 0 Rhodanine derivatives, various-synthesized, evaluated 
for antibacterial and antiviral activities 0 Antibacterial activity-eval- 
uated in various rhodanine derivatives 0 Antiviral activity-evaluated 
in various rhodanine derivatives Structure-activity relationships- 
various rhodanine derivatives evaluated for antibacterial and antiviral 
activities 


Rhodanine (2-thioxo-4-thiazolidinone) has shown some 
antiviral properties, specifically in echovirus 12 as a result 
of the inhibition of the synthesis of the viral protein coat 
(1). In various other viruses, hydrolysis products of 
rhodanine derivatives (a-mercaptoacrylic acids and their 
disulfides) act as inhibitors of neuraminidases (Z), enzymes 
involved with the entry and release of virus particles in 
host cells (3). Rhodanine and its derivatives also have the 
ability to complex iron and other metals (4). This ability 
enables the rhodanines to inhibit the ribonucleoside di- 
phosphate reductase enzyme system, which requires iron 
as a cofactor, and thereby inhibit the synthesis of DNA 
(5). 


In addition to these possibilities as a basis for antiviral 
action, rhodanines possibly may act as analogs of purine 
bases in nucleic acid synthesis. In this event, glycosylated 
derivatives should be more effective inhibitors. The 
presence of a sugar moiety attached to the rhodanine ring 
may also provide rhodanines with less toxicity. This re- 
duction in toxicity by formation of sugar derivatives was 
observed with some antitubercular agents (6). 


Rhodanine and its derivatives also have exhibited an- 
tibacterial (7), antitubercular (8), antimalarial (9), anti- 
fungal (lo), insecticidal (ll), pesticidal ( l l ) ,  and anti- 
parasitic (12) activities. Nitrodan [3-methyl-5-[(p-nitro- 
phenyl)azo]rhodanine] has been used as an anthelmintic 
agent (13). No glycosylated derivative of rhodanine or its 
derivatives has been screened for antiviral activity or for 
any of the biological activities listed. The only mention in 
the literature of previous glycosylated rhodanines was 
made by Bognar and Wieniawski (14), who prepared the 
N-tetraacetylglucosyl derivatives of the 5-isopropylidene, 
5-benzylidene, and 5-anisylidene derivatives of rhodanine. 
They were unable to remove the acetyl groups without 
decomposition, but they showed that the sugar moiety was 
attached to the nitrogen of the rhodanine ring. 


Accordingly, a series of N-tetraacetyl-D-glucosyl de- 
rivatives of 5-ylidenerhodanines, prepared from both al- 


O=C-NR1 


I 


dehydes and ketones, was prepared for screening for an- 
tiviral and other biological activities. The N-tetraacetyl- 
D-glucosylrhodanines were obtained from reaction of the 
5-ylidenerhodanines with acetobromo-D-glucose, and it 
was possible to remove the acetyl groups by acid hydrolysis 
without cleavage of the rhodanine ring. The compounds 
prepared can be represented by Structure I, where R1 is 
tetraacetyl-D-glucosyl or D-glucosyl and Ra is H or CH3. 


EXPERIMENTAL' 


The following procedures are representative. 
Condensation of Rhodanine with Aldehydes and Methyl Ke- 


tones-Method A-2,6-Dichlorobenzaldehyde (8.75 g, 0.05 mole) was 
added to a solution of rhodanine (6.66 g, 0.05 mole) in 75 ml of acetic acid, 
followed by the addition of 12.5 g of anhydrous sodium acetate. The re- 
action mixture was refluxed on a water bath for 1 hr, cooled to room 
temperature, and poured into 500 ml of water. After refrigeration, it was 
filtered; the precipitate was washed with water and dried in oucuo to give 
11.8 g (81% yield) of crude product. Recrystallization from methanol gave 
yellow needles, mp 184-186'; IR (KBr): u 3190 (NH), 1705 (C=O), and 
1230 (C=S) cm-'. 


Anal.-Calc. for CloH5C12NOS2: C, 41.39; H, 1.74; N, 4.83; S, 22.10. 
Found C, 41.50; H, 2.06; N, 4.93; S, 21.64. 


Method B-2-Acetylthiophene (12.13 g, 0.096 mole) was added to 
rhodanine (12.8 g, 0.096 mole) in 100 ml of ethanol containing 7.5 ml of 
concentrated ammonium hydroxide and ammonium chloride (7.5 g in 
15 ml of water). The mixture was refluxed for 1.5 hr and refrigerated 
overnight. Yellow crystals were isolated, washed with water, and dried 
in a vacuum oven. A second crop was obtained by adding the filtrate to 
500 ml of water and chilling; the crude yellow product was recrystallized 
from acetone. The total yield was 6.5 g (28%), mp 230-233" [lit. (15) mp 
218-221.5' dec.]. 


Condensation of 5-Arylalkylidenerhodanines with 2,3,4,6-Tetra- 
O-acetyl-@-D-glucose: N-( 2,3,4,6-Tetra-O-acetyl-&D-glucopyra- 
nosyl)-5-(p-dimethylaminobenzylidene)rhodanine-5 - p - Dimeth- 
ylaminobenzylidenerhodanine (5.28 g, 0.02 mole) was dissolved in 1250 
ml of acetone and 250 ml of tetrahydrofuran with heating. The solution 
was cooled to room temperature, and 8.22 g (0.02 mole) of acetobromo- 
a-D-glucose was added followed by 8 ml of 10% sodium hydroxide solu- 
tion. The mixture was stirred at  room temperature for 68 hr and filtered. 
The filtrate was evaporated in a rotary evaporator at 30' under reduced 
pressure. A red syrup was obtained, which crystallized from methanol 
to give 7.8 g (66% yield) of orange solid, mp 197-201'; IR (KBr): u 1750 


1 Melting points were determined in capillaries with a Mel-Temp melting-point 
block and are uncorrected. IR absorption spectra were ohtained with a Perkin-Elmer 
model 137B or model 457A grating spectrophotometer. NMR spectra were deter- 
mined with a Varian T60 spectrometer using tetramethylsilane as the internal 
standard. Optical rotations were obtained with a Carl Zeiss polarimeter. Elemental 
analyses were done by Dr. F. B. Strauss, Oxford, England, or by Dr. Carol K. Fitz, 
Carlisle, Mass. TLC was carried out using silica gel, and products were detected 
by exposure to iodine vapor. 


The rhodanine, aldehydes, and methyl ketones were supplied by Aldrich 
Chemical Co., and D-glucose and common solvents were obtained from the Fisher 
Scientific Co. Acetobromo-D-glucose, obtained from Sigma Chemical Co., contained 
1% CaC03 as a stabilizer. I t  was recrystallized from ether before use. 
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o=c- I I  N G C H , J , H C H , O C O C H ,  
R,--CFC, ,C=S 


S 
Table I-N-(2,3,4,6.Tetra-O-acetyl-P.~ -glucopyranosyl)-5-arylalkylidenerhodanines a, 


_ _ _ _ _ _ ~ _ _ _ _ _ _  


Rl 
Analysis, IR (KBr), 


R2 Formula Point % (Solvent) cm-' Calc. Found 
Melting Yield, 


I-NO,C,H, 


2-CH30C,H, 


2,6-C1,C6H3 


4-C1C,H4 


2-C1C, H4 


Q- 
Q- 
Q- 


Q- 
Q- 


H 
H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


CH3 


H 


CH, 


H 


H 


H 


CH, 


H 


C24H24N2012S2 


C26H,ON*Ol 0% 


C2SH25N0 12'2 


C26H2,N01 2% 


C26H,,NOl,S2 


c2 $2 ,NO 1 IS, 


C24H23C12N010S2 


C24H~4C1N010S2 


~2,H24ClNO,oS, 


C22Hz3N01 Is, 


C23H2SN01 1'3 


C22H23N01 0'3 


c23H25N010S3 


C 2 3 H 2  sN0l 0'3 


C22H22BrN0,0S3 


C23H24N2010S2 


C24H26N2010S2 


192-194"a 79 
222-224" 30 


185-187" 65 


197-201" 66 


195-196" 78 


186-189" 57 


207-211" 64 


189-190" 30 


78-81" 65 


226-228" 85 


200-202" 61 


189-193" - 


118-122" 56 


217-220" 60 


187-190" 54 


192-193" 91 


182-187" 94 


177-181" 78 


184-187" 72 


-1 69 .O" (pyridine) 
-195.0" (pyridine) 


-104.0" (tetrahy- 
drofuran) 


-159.3' (pyridine) 


-273.0" (tetrahy- 
drofuran) 


-137.7" (tetrahy- 
drofuran ) 


-150.0" (pyridine) 


-52.0" (pyridine) 


-170.0" (pyridine) 


-1 4 6.3" ( pyridine) 


-200.0" (pyridine) 


-173.5" (tetrahy- 
drofuran) 


-1 7 5.5" (pyridine) 


-78 .O" ( pyridine ) 


-2 10.0" (pyridine ) 


-130.0" (pyridine) 


-180.0" (pyridine) 


-14 3 .O" (tetrahy- 
drofuran ) 


1750, 
1750, 


1750, 


1750, 


1750, 


1750, 


1750, 


1750, 


1750, 


1740, 


1750, 


1750, 


1750, 


1750, 


1750, 


1750, 


1730, 


1748, 


1750, 


1225, 
1240, 


1235, 


1225, 


1225, 


1225, 


1225, 


1230, 


1230, 


1225, 


1225, 


1225, 


1225, 


1240, 


1225, 


1225, 


1215, 


1230, 


1225, 


- 910 
910 C48 .32  


H 4.06 
N 4.70 
S 10.75 


900 C 48.32 
H 4.06 
N 4.70 
S 10.75 


900 C 52.52 
H 5.08 
N 4.71 
S 10.78 


900 C 50.42 
H 4.23 
N 2.35 
S 10.77 


900 C 51.06 
H 4.75 
N 2.29 
S 10.47 


900 C 51.06 
H 4.75 
N 2.29 
S 10.47 


900 C 51.62 
H 4.68 
N 2.41 
S 11.03 


900 C 46.56 
H 3.74 
N 2.26 
s 10134 


900 C 49.19 
H 4.13 
N 2.39 
S 10.94 


908 C 49.19 
H 4.13 
N 2.39 
S 10.94 


900 C48.79 
H 4.28 
N 2.59 
S 11.84 


910 C 49.72 
H 4.54 
N 2152 
S 11.54 


908 C 47.39 
H 4.16 
N 2.51 
S 17.25 


900 C 48.33 
H 4.#1 
N 2.45 
S 16.83 


900 C 48.34 
H 4.38 
N 2.45 
S 16.81 


900 C41.51  
H 3.46 
N 2.21 
S 15.09 


903 C 50.00 
H 4.35 
N 5.01 
S 11.59 


902 C 50.87 
H 4.62 
N 4.95 


- 
48.39 


4.10 
4.78 


10.49 
48.26 


4.30 
4.57 


10.43 
52.74 


5.08 
4.75 


10.91 
50.76 
4.35 
2.53 


10.96 
50.95 
4.99 
2.31 


10.16 
50.79 
4.78 
2.31 


10.22 
51.67 


4.90 
2.35 


11.16 
46.43 


4.00 
1.99 


10.03 
49.56 


4.23 
2.27 


11.20 
49.24 


4.47 
2.42 


10.89 
48.39 


4.62 
2.72 


12.03 
49.30 


4.74 
2.54 


11.25 
46.95 


4.46 
2.58 


16.93 
48.38 


4.70 
2.42 


16.31 
48.50 


4.61 
2.39 


16.36 
41.62 


3.30 
2.24 


14.90 
50.06 


4.46 
5.14 


11.47 
50.50 
4.72 
5.23 


S 11.32 11.52 
C2,H2,N2OlOS, 191-193" 54 -195.0" (tetrahy- 1748, 1223, 902 C 50.00 49.61 


drofuran) H 4.35 4.42 
N 5.01 5.24 
S 11.59 11.35 
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Table I-(Continued) 


IR (KBr), _________ Analysis, % 
cm-I Calc. Found 


Melting Yield, [alg 
Rl RZ Formula Point % (Solvent) 


CH, C, ,H,6N~0,0S~ 183-187" 37 -84.0' (dimethyl- 1750, 1235,  900 C 50.87 51.05 
formamide ) H 4.62 4.89 


N 4.95 5.09 


H 


CH, 


H 


H 


H 


228-231" 


227-229" 


2 1 5 -2 1 6" 


229-230" 


251 -2 53" 


1 9  


4 1  


30 


6 6  


9 6  


-161.8" (pyridine) 


-170.0" (pyridine) 


-182.0' (tetrahy- 
drofuran) 


-60.8" ( p yri di ne ) 


-80.0" (pyridine) 


1 7 5 0 , 1 2 2 5 , 9 0 0  


1 7 5 0 , 1 2 2 5 , 9 1 0  


1 7 5 0 , 1 2 1 0 , 8 9 0  


1 7 5 0 , 1 2 3 0 , 8 9 5  


1 7 5 0 , 1 2 3 0 , 9 0 2  


S 11.32 
C 50.00 
H 4.35 
N 5.01 
S 11.59 
C 50.87 
H 4.62 
N 4.95 
S 11.32 
C 55.91 
H 4.49 
N 2.33 
S 10.65 
C 55.91 
H 4.49 
N 2.33 
S 10.65 
C 52.88 
H 4.41 
N 4.74 
S 10.85 


10.97 
49.67 


4.11 
5.00 


11.22 
50.55 


4.67 
4.97 


11.08 
55.92 


4.64 
2.45 


10.38 
55.83 


4.51 
2.42 


10.44 
52.65 


4.50 
4.56 
10.80 


aLi t .  (16)  m p  193-194'. 


(C=O), 1225 (C=S), and 900 (0-form) cm-'; [a]? -104.0' (c = 3.1, tet- 
rahydrofuran). 


Hydrolysis of N-(2,3,4,6-Tetra-O-acetyl-~-D-glucopyranosyl)- 
5 - arylalkylidenerhodanines-N-~-D-Glucopyranosyl-5-benzyli- 
denerhodanine-N-(2,3,4,6 - Tetra-O-acetyl-0-D-glucopyranosyl)-5- 
benzylidenerhodanine (2.56 g, 0.0046 mole) was suspended in 700 ml of 
methanol, and 10.5 ml of 1.9 M HCl was added. The reaction mixture was 
stirred in a stoppered flask at room temperature for 4 days, and the re- 
sulting solution was filtered. The filtrate was evaporated under reduced 
pressure in a rotary evaporator at a temperature below 30", and a yel- 
low-brown semisolid was obtained and then dissolved in ethanol. The 
ethanolic solution was added to water until cloudiness first appeared, and 
the solution was refrigerated overnight. Yellow crystals were filtered and 
dried in a vacuum oven, yielding 1.7 g (96%), mp 104-110"; IR (KBr): Y 
3500-3300 (OH), 1715 (C=O), 1230 (C=S), and 890 @-form) cm-'; [a]? 
-78.0' (c = 0.8, pyridine). 


N-D-D - Glucopyranosylthiourea-N-(2,3,4,6-Tetra-0-acetyl-~-D- 
glucopyranosyl)-5-benzylidenerhodanine (2.0 g, 0.0036 mole) was added 
to a solution of methanol saturated with ammonia at 0' in a pressure 
bottle. The bottle was stoppered, and the mixture was shaken at  room 
temperature for 20 hr. Then the mixture was filtered, and the filtrate was 
evaporated under reduced pressure in a rotary evaporator at a temper- 
ature below 30'. The resulting white powder was washed with anhydrous 
acetone and recrystallized from methanol, yielding 0.6 g (70%) of hy- 
groscopic white crystals, mp 211-212" [lit. (16) mp 210'1; IR (KBr): Y 3500 
(OH), 3400 (NH3,3220 (NH), 1650 (NHp), 1030 (C=S), and 910 (&form) 
cm-'; [a]? +33.5" (c = 3.0, Hp0). 


Anal.-Calc. for C~HIAN~OGS:  C. 35.29: H. 5.88 N. 11.78 S. 13.44. _. " " , ,  , ,  . .  
Found: C, 35.60; H, 6.01; N, 11.58; S, 13.26. 


An identical product was obtained when N-(2,3,4,6-tetra-O-acetyl- 
~-~-glucopyranosyl)-5-(3,4-dimethoxybenzylidene)rhodanine was 
subjected to the same conditions. 


Antibacterial Activity-Tests for antibacterial activity were first 
done by the agar plate method, using 20-30 mg of each compound and 
measuring the zones of inhibition. The organisms used included 
Staphylococcus aureus (ATCC 6538), Escherichia coli (ATCC 15221), 
Aspergillus niger (ATCC 16404), and Candida albicans (ATCC 10231). 
Plates inoculated with S. aureus and E. coli were incubated at 37' for 
24-48 hr, and those inoculated with A. niger and C.  albicans were incu- 
bated at 25' for 48-72 hr. 


Compounds showing activity by the agar plate method were screened 
by the in oitro serial tube dilution procedure. Trypticase soy broth was 
used for growing S. aureus and E. coli, and the preparation was sterilized 
for 15 min at  172 X lo4 dynes/cm2 at  120'. Stock solutions (0.1 M )  of 
compounds to be tested were made in acetone and sterilized by membrane 
filtration. 


Five colonies of each organism were inoculated into 5.0 ml of the broth 
preparation and incubated at 37O for 18-24 hr. Serial dilutions of the test 


compounds were made from the 0.1 M stock solutions, and to each dilu- 
tion was added 0.1 ml of the broth culture. Tubes were incubated for 
24-48 hr at 37' and were then examined for growth. 


Antiviral Activity-The rate of viral and host cell RNA synthesis was 
measured in the presence of various drug concentrations and compared 
to normal viral and host cell RNA synthesis. Measurements were made 
using vesicular stomatitis virus growth in Chinese hamster ovary cell 
suspension culture. '4C-Uridine was used as a marker to measure RNA 
synthesis. Viral RNA synthesis was measured by adding 5 pglml of 
dactinomycin to inhibit host cell RNA synthesis. 


RESULTS AND DISCUSSION 


Chemistry-The 5-aralkylidenerhodanines were readily obtained 
from reaction of rhodanine with aromatic aldehydes and ketones, using 
either acetic acid-sodium acetate or ammonium hydroxide-ammonium 
chloride as the reaction medium. Essentially all of these compounds are 
known, and they are not tabulated here. The N-tetra-0-acetyl-D-glucosyl 
derivatives (Table I) were prepared essentially by the procedure of Mi- 
chael (17), which utilized acetobromo-a-D-glucose in acetone with sodium 
hydroxide. Yields of product varied from 30 to 96%. 


Proof that the N-glycoside was obtained was given by hydrolysis to 
N-glucosylthiourea (11) (Scheme I), previously synthesized by Fischer 
(16), from the 5-benzylidene- and 5-(3,4-dimethoxybenzylidene)rhoda- 
nine tetraacetyl-D-glucosyl derivatives using ammonia in methanol. The 
IR spectra of the products also indicated N-glycosylation. The doublet 
characteristic of NH stretching between 3100 and 3400 cm-' was changed 
to a weak singlet after glycosylation, and no change was observed in the 
thionyl and carbonyl absorptions at  1200-1250 and 1700-1760 cm-', 
respectively. Furthermore, the NMR spectra for rhodanine and 5-sub- 
stituted derivatives showed a broad peak at 11.7 ppm for one proton, 
which was exchangeable with deuterium, characteristic of an imino 
proton. This peak disappeared after glycosylation, providing further 
evidence of N-glycosylation. 


aryl-Y=C, ,C=S 


R S  S 
ll 1 0 1  


NH,CNHCH(CHOH)$HCH,OH 


I1 
Scheme I 
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o=y ---NL&iLncnm 
R,-C==C, / C = S  


I S  Table II-N-~-~-Glucopyranosyl-5-arylalkylidenerhodanines Rz 
~ ______ ____~ 


Melting Yield, [ a ] ;  Analysis, % 
R, R, Formula Point % (Solvent) IR (KBr), cm-' Calc. Found 


104-110" 96 -78.0' (pyridine) 3400 (br), 1715,  C 50.11 49.80 
1230.890 H 4.47 4.62 


N 3.66 3.49 
S 16.72 16.97 


4-NOzC,H, H Cl6HI6N,O,S2 130-135" 93 -131.8" (tetrahy- 3400 (br), 1720, C 44.85 44.80 
drofuran ) 1230,900 H 3.76 4.03 


N 6.54 6.35 
H Cl ,Hl ,N0,Sz~1/2H,0 150-155" 72 -74.4" (tetrahy- 3400 (br). 1710, C 43.99 44.12 0- drofurant 1 2 2 5 , 8 8 5  ' H 4.19 4.06 


N 3.66 3.67 U 


CH, C, ,H, ,NO,S,.H,O 135-140" 95 -104.0" (meth- 3400 (br), 1700,  C 44.44 44.48 
anol) 1 2 2 5 , 8 8 2  H 4.69 4.58 


N 3.45 3.60 
H C,,H,,NO,S,~H,O 130-135" 74 -108.8" (meth- 3400 (br), 1710, C 41.28 41.10 0- anol) 1 2 2 5 , 9 1 0  H 4.17 4.15 


N 3.44 3.35 
130-135" 78  -104.0" (pyridine) 3400 (br), 1720,  C 46.90 47.12 


1 2 2 5 , 9 0 0  H 4.17 3.74 
N 7.29 6.93 


S 


C1S.H16N206S2 


Whether the N-glycosylated derivatives were the a- or 0-forms was 
determined by the IR spectra. Glycoside formation, using acetobromo- 
a-D-glucose, invariably proceeds with Walden inversion at C-1 (181, 
yielding the P-glycoside from the a-halide. In addition, a-D-glUCOpyranoSe 
structures show absorption between 833 and 855 cm-l, whereas the 8- 
structures absorb in the 876-905-cm-I region (19). All of the N-tetra- 
acetylglucosylrhodanines were found to be 0-glucosides by their ab- 
sorption between 882 and 910 cm-I. 


Deacetylation of the tetraacetylglucosyl derivatives was complicated 
by the sensitivity of the rhodanine ring to alkaline hydrolysis. A mild 
hydrolytic method, ammonia in methanol, resulted in cleavage to give 
N-glucosylthiourea. Direct condensation between the 5-substituted 
rhodanines and glucose also failed. A successful method for deacetylation 
was the use of 2 N HC1 in methanol. Yields of deacetylated glucosides 
were generally better than 90% by this method. The compounds prepared 
are listed in Table 11. 


Biology-A cell culture test for antiviral activity was carried out on 
N-glucosyl-5-p-nitroben~ylidenerhodanine~. When using vesicular 
stomatitis virus growth in Chinese hamster ovary cell suspension culture, 
rhodanine itself (150 pglml) had no effect on either Chinese hamster 
ovary cells or vesicular stomatitis viral RNA synthesis. This result sup- 
ports the previous observation of Eggers et al. (I). N-Glucosyl-5-p-ni- 
trobenzylidenerhodanine, however, at the same concentration, inhibited 
RNA synthesis of both host cells and virus to a similar extent. At  con- 
centrations of 50 and 100 pglml, the rhodanine derivative inhibited 10% 
of cellular RNA synthesis but 40% of viral RNA synthesis. This difference 
in inhibition of RNA synthesis is sufficient to state that the rhodanine 
derivative has definite antiviral activity. 


Antibacterial activities were observed by the agar plate screening 
method using S. aureus, E.  coli, A. niger, and C.  albicans. These organ- 
isms represent a Gram-positive and a Gram-negative bacterium, a mold, 
and a yeast, respectively. None of the rhodanines showed inhibitory ac- 
tivity against A. niger and C. albicans. Compounds showing inhibitory 
activity against the bacteria were then measured by the serial tube 
dilution method. 


Only rhodanine and 0-nitrobenzylidenerhodanine showed activity 
against E. coli. Many of the 5-substituted rhodanine derivatives were 
active against S. aureus, but in general the tetraacetylglucosyl derivatives 
were not. Exceptions were found with the tetraacetyl derivatives of 5- 
(5-bromothienylmethy1ene)rhodanine and 5-(l-naphthylidene)rhoda- 
nine. With the benzylidene derivatives, electron-withdrawing substitu- 
ents increased activity, whereas electron-releasing substituents decreased 
activity. Methyl substitution at the methylene side chain either decreased 
or removed inhibitory activity. 


By Dr. A. Huang and Dr. P. Sinarachatanant. Department of Microbiology and 
Molecular Genetics, Harvard Medical School. 


Results of this study confirm previous findings that either 3- or 5- 
substituted rhodanines are active antimicrobials and that the 3,5-di- 
substituted rhodanines are not (lo), with the exception of N-phenyl- 
5-(5-nitrofurylidene)rhodanine (20). The presence of a nitro group seems 
to be essential for high activity against bacteria, protozoa, and schisto- 
somes but has little effect toward other helminths than schistosomes and 
fungi (21). Antimicrobial testing results by serial tube dilution are listed 
in Table 111. 


Table 111-Antibacterial Activities 
o=c--NR, 


I I  
R,-C=C, 


________--_ ___- 
Minimum Inhibitory 
Concentration, 1 / M  


S. aureus E. coli 


k s'c=s 


R ,  R, R3 


C H  H H  
4-6Nd2C,H, H H 


2,s-Cf d6d3 H H 
2-C1C6%I, H H 


2-NO C H H H 


CH, H Q- 


< 1,000 
< 10,000 


<100,000 
< 10,000 
< 1,000 
< 1.000 


< l o o  


< 10,000 


El'+ H C,H,(OCOCH,), <1,000 


H H  ob < 1,000 


H C,H,(OCOCH,), <1,000 & 
< 1,000 
< 1,000 


H C6HllO5 CRRHddanine - - 
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Effects on blood sugar levels in Charles River rats were observed for 
several of the rhodanine derivatives3. 5-(2-Pyrrolylmethylene)rhoda- 
nine (22) (150 mg/kg) increased blood glucose significantly at 1,2, and 
4 hr after oral dosing, and 5-(2-thienylmethylene)rhodanine (150 mgfkg) 
increased blood glucose at 4 hr after oral dosing. No effect on blood glu- 
cose was observed for 5-(4-pyridylmethylene)rhodanine (150 mgfkg) or 
for 5-(2-pyridyletbylidene)rhodanine (150 mgfkg). Increases in blood 
glucose at  4 hr after oral administration were also found for 2,2’-dithio- 
bis[3-(2-furyl)acrylic acid] (22) (100 mg/kg) and 2,2’-dithiobis-(3- 
phenylacrylic acid) (23) (75 mgkg). Significant effects on blood glucose 
levels may be caused either by suitable 5-substituted rhodanines or their 
hydrolysis products, the dithioacrylic acids. 
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Effects of Polyelectrolytes on Drug Transport 11: Permeation 


K. F. FARNG * and K. G .  NELSON 


Abstract The permeation rate of salicylate across a dialysis membrane 
was studied in the presence of various types of carboxymethylcellulose. 
The presence of the polymer in the salicylate solution increased the 
permeation rate of salicylate. The data were analyzed with a diffusional 
model in which the viscosity and charge effects were evaluated sepa- 
rately. 


Keyphrases Salicylate-permeation rate across a dialysis membrane 
in presence of various types of carboxymethylcellulose Permeation 
rate-salicylate across a dialysis membrane in presence of various types 
of carboxymethylcellulose Drug transport-permeation rate of sali- 
cylate across a dialysis membrane in presence of various types of car- 
boxymethylcellulose 0 Carboxymethylcellulose, various types-effect 
on permeation rate of salicylate across a dialysis membrane 0 Poly- 
electrolytes-various types of carboxymethylcellulose, effect on per- 
meation rate of salicylate across a dialysis membrane 


Previously (l), it was observed that the presence of the 
polyelectrolyte carboxymethylcellulose decreased the 
aqueous diffusivity of a small solute (salicylate) only 


moderately and that salicylate, which was present as a 
co-ion of the polymer, was transported out of the polymer 
solution and into an aqueous environment more rapidly 
than if the polymer were not present. This report de- 
scribes further studies on this enhanced transport phe- 
nomenon involving an in uitro permeation apparatus. 


EXPERIMENTAL 


Permeation Cell-A permeation cell was constructed from plastic’ 
and consisted of two symmetrical parts clamped together with a dialysis 
membrane at  the plane of symmetry. The diffusion cell was described 
previously (2). Each compartment holds about 125 ml of liquid, and the 
area of the membrane available for permeation is 16.8 cm2. The cell was 
immersed in a water bath for temperature control, and each compartment 
was stirred with a stirring rod tipped with flattened rubber tubing and 
rotated at  2000 rpm. 


Lucite, Rohm & Haas, Philadelphia, Pa. 
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Physiologically Based Pharmacokinetic Model for 
Digoxin Disposition in Dogs and 
Its Preliminary Application to Humans 


LESTER I. HARRISON * and MILO GIBALDI 


Abstract A physiologically based pharmacokinetic model for digoxin 
disposition developed in the rat was modified to account for the inter- 
species differences in tissue-to-plasma digoxin concentration ratios and 
applied to the dog. The model provided a quantitative assessment of the 
time course of digoxin concentrations in dog plasma, various tissues, and 
urine. It also predicted the effect of renal failure on digoxin pharmaco- 
kinetics in the dog. An attempt to scale the dog model to humans by 
simply considering differences in organ volumes, organ flow rates, and 
digoxin clearances was partially successful. Good predictions of plasma 
digoxin concentration and urinary digoxin excretion after a single dose 
and of steady-state plasma, heart, and skeletal muscle digoxin concen- 
trations were obtained. However, the model predicted considerably higher 
kidney digoxin concentrations than are actually found. Although the 
model adequately characterized the time course of digoxin concentrations 
in patients with moderate renal impairment, it provided a relatively poor 
fit to that observed in anuric patients. 


Keyphrases Digoxin-pharmacokinetic model for disposition in dog 
developed, applied to humans Pharmacokinetics-digoxin, model for 
disposition in dog developed, applied to humans 0 Models, phar- 
macokinetic-for digoxin disposition in dog, developed, applied to hu- 
mans Cardiotonic agents-digoxin, pharmacokinetic model for dis- 
position in dog developed, applied to humans 


Two- and three-compartment open models based on 
curve fits of plasma concentration-time data are com- 
monly used to describe digoxin pharmacokinetics in hu- 
mans and other species (1-4). Although these models are 
useful for clinical application, the basic information that 
they provide regarding distribution and elimination is 
intrinsically limited. Transfer rate constants calculated 
from such models have a high degree of uncertainty (5 ) .  
Moreover, compartment volumes and transfer rate con- 
stants derived from these models have no anatomical or 
physiological reality. Neither the drug concentrations nor 
the time course of drug concentrations in particular target 
tissues other than the plasma can be predicted. 


Recently, there has been an interest in the development 
of physiologically realistic pharmacokinetic models for 
drug disposition based on organ volumes and blood per- 
fusion rates. In principle, these models permit the pre- 


diction of drug concentrations in any tissue at any time and 
may provide considerable insight to drug dynamics. An- 
other useful feature of these models is that drug disposition 
in certain pathophysiological conditions may be simulated 
by altering estimates of organ blood flow (6, 7), drug 
clearance (8), or drug binding to tissues. Furthermore, 
under certain conditions, physiologically based models can 
be scaled to apply to more than one species (9). Therefore, 
for certain drugs, the large data base needed to develop a 
physiological pharmacokinetic model may be acquired in 
a laboratory animal and scaled to apply to humans. This 
approach has been used with several drugs (6,lO-13). 


A detailed physiological model (Scheme I) recently was 
developed to describe digoxin pharmacokinetics in the rat 


urine 
Qr-Qg 


gut wall biliary 
secretion 


2 
feces 


Scheme I 
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Table I-Physiological and Experimental Constants for Digoxin 
Distribution 


Blood Flow, 
Volume", liters l F / h r  


Tissue Dog Human Dog Humanc Rid 
- - Blood 0.5 5.4 - 


Heart 0.05 0.3 3 15 40 
Skeletal muscle 5.0 30.0 12 75 9 
Skin, fat, e tce  3.5 30.0 12 75 9 
Kidney 0.05 0.3 12 80 200 
Liver 0.25 1.5 24 100 15 
GI tissues 0.24 1.0 18 70 30 


- - GI contents 0.42 1.7 - 


0 Values for a 10-kg dog and a 70-kg human (1 1,29,40). * Total blood flow = 63 
litershr (41,42). Total blood flow = 345 litershr (6,40). Tissue-to-plasma di- 
goxin concentration ratios; values estimated in the dog (17,18). e Lump compart- 
ment incorporating all other body regions. 


(8). This model describes the time course of plasma and 
tissue digoxin concentrations in normal rats as well as the 
time course of plasma digoxin concentrations in rats with 
ligated bile ducts or ligated ureters. The model also pre- 
dicts successfully the time course of urinary digoxin ex- 
cretion in normal and bile duct-ligated rats. 


Although the pharmacokinetic model is a qualitatively 
accurate representation of digoxin disposition not only in 
the rat but also in other species, including humans, direct 
quantitative scale-up was not possible because of sub- 
stantial differences in tissue-to-plasma digoxin concen- 
tration ratios between rats and humans (8). For example, 
rat kidneys and heart show little ability to concentrate 
digoxin whereas kidney-to-plasma and heart-to-plasma 
digoxin concentration ratios in humans exceed 30 (14). The 
present report concerns efforts to develop a physiological 
pharmacokinetic model for digoxin disposition in the dog, 
a species in which digoxin distribution appears similar to 
that observed in humans, and to extend this model to hu- 
mans. 


EXPERIMENTAL 


The model shown in Scheme I adequately describes the pharmacoki- 
netics of digoxin disposition in the rat. A priori, the same model seemed 
to be a reasonable choice for the dog and human. This model assumes that 
each tissue acts as a well-stirred compartment, that drug distribution is 
blood flow rate limited, that tissue-to-plasma digoxin concentration ratios 
are independent of drug concentration, and that all rate processes are 
linear. 


A mathematical description of the model is given in the Appendix. The 
concentration of a drug in a tissue, Ci, depends on the volume of the tis- 
sue, Vi, the blood flow through the tissue, Qi, the drug concentration in 
the blood, Cg, the binding of the drug in the tissue relative to its binding 
in the blood, Ri, and the tissue's ability to eliminate or clear the drug ir- 
reversibly, Ki, i.e.: 


Organ volumes and blood flow rates for a 10-kg dog and for a 70-kg 
human are given in Table I. Since digoxin has little effect on cardiac 
output (15,16), blood flow rate values are those estimated in normal in- 
dividuals. Also listed in Table I are tissue-to-plasma digoxin concentra- 


Table 11-Clearance and Rate Constants for Digoxin Disposition 
Estimate 


Parameter Dog Human 


Renal clearance 2.4 litershr 7.5 liters/hr 
Hepatic clearance 0.8 literhr 2.5 liters/hr 
Biliary clearance 0.5 liter/hr 1.5 litershr 
GI clearance 0.04 liter/hr 0.05 liter/hr 
Absorption rate constant 0.22 hr-I 0.22 hr-' 
Secretion rate constant 0.44 hr-' 0.44 hr-1 


a 


4 
20 40 60 80 100 


V 


TIME, hr 


4 1 ° i  
20 40 60 80 100 


V 


TIME, hr 


HOURS 


Figure 1-Predicted plasma digorin concentrations in normal (-) and 
ureter-ligated (- - -) dogs after a 5O-pg/kg iu dose. The closed circles are 
data from dogsgiuen the same dose (from Ref. 17). The inset shows the 
predicted (-) and observed (0) cumulatiue urinary excretion in the 
dog after a single dose. Experimental data were taken from Refs. 46- 
48. 


tion ratios determined during steady-state studies in dogs (17,18). 
Estimates of the required clearance parameters and rate constants are 


listed in Table 11. Renal clearance of digoxin was assumed to be equal to 
the glomerular filtration rate (19, 20); the net contribution of tubular 
secretion (21) and reabsorption (22) was considered negligible. The total 
body clearance of digoxin in each species was estimated from plasma or 
serum digoxin concentration data after intravenous injection (2,3, 17, 
21). Metabolic clearance was assumed to be the difference between total 
body clearance and renal clearance. Biliary clearance was estimated from 
literature data (18,23). 


Initial estimates of fecal clearance of digoxin for dogs and humans were 
about 0.02 and 0.05 literfhr, respectively. These values were calculated 
by assuming a 20-hr half-life for gut transit for both species (24,25). For 
the dog, however, simulations based on this estimate resulted in higher 
digoxin concentration in the plasma and in higher urinary excretion rates 
than those observed in various studies. After testing several estimates, 
a value of 0.04 l i t e r h  was selected. The need for a higher estimate of fecal 
clearance suggests that digoxin transit from the absorption site(s) is faster 
than the average transit of fluid through the gut or that other processes, 
such as gut or bacterial metabolism, contribute to the elimination of di- 
goxin from the GI tract. 


The absorption half-life for digoxin was assumed to be 1 hr for both 
species (26). The rate constant for GI secretion was set equal to twice the 
absorption rate constant based on previous studies in the rat (8). 


The mass balance equations described in the Appendix and the con- 
stants listed in Tables I and I1 served as input for a digital computer 
analog simulation program (27) to calculate digoxin concentrations in 
the various model compartments. Predicted digoxin concentrations in 
blood were assumed equal to those in plasma since the blood/plasma 
digoxin concentration ratio is about unity in both dogs and humans (28). 
Steady-state digoxin levels were simulated by incorporating a zero-order 
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0.06 0.04 t I/\ - 0 LIVER 0 0.02 


0.02 - 
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24 48 24 48 
HOURS 


I I I I I I I 1 
24 48 24 48 


HOURS 


Figure 2-Predicted (-) and observed digoxin concentrations in d i f -  
ferent tissues after a 50-ggIkg iv dose to normal dogs. Experimental data 
were taken from Refs. 17 (O) ,  47 (A), 31 (O) ,  and 48 (0). 


input function into the appropriate equations listed in the Appendix.  
Literature values for plasma and tissue digoxin concentrations in the 


dog were based on total tritium assays. Most literature references for 
plasma and tissue digoxin levels in humans utilized either radioimmu- 
noassay or 86Rb-uptake measurements. Reported values in Refs. 1,18, 
19, and 29-31 were based on total tritium analyses. In all cases in which 


z 
0 
a I- 


8 8 8 '11 
0.5 


10 20 30 40 


HOURS 


Figure 3-Predicted (-) and observed plasma digoxin concentrations 
in adults given a 0.75-mg iv dose. Experimental data were taken from 
Refs. 34 (A) and 36 ( m j .  


24 48 24 48 
HOURS 


Figure 4-Predicted tissue digorin concentrations in adults given a 
single 0.75-mg iu  dose. 


renal function was normal, the values probably closely reflect unchanged 
digoxin concentrations. 


RESULTS AND DISCUSSION 


Predicted digoxin concentrations in the plasma and in certain tissues 
of the dog after a 50-pglkg iv dose are compared to observed values in 
Figs. 1 and 2. In general, good agreement is noted. The model also pro- 
vided a reasonably good prediction of the urinary excretion of digoxin 
in the dog (inset in Fig. 1). 


A pharmacokinetic model for digoxin disposition in dogs with renal 
failure was developed by setting renal clearance equal to zero but main- 
taining all other parameters constant. The postdistributive plasma di- 
goxin concentrations after a single intravenous dose, as predicted by the 


60 - 


Figure 5-Predicted (-) and observed cumulatiue urinary excretion 
of digoxin in adults after a n  intravenous dose. Experimental data were 
taken from Refs. 19 (O), 1 (O) ,  29 (a), 34 (Aj, 35 (A), 36 (m), 30 (O), 
and 38 (0). 
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Table 111-Observed and  Predicted Steady-State Digoxin Concentrations" (Nanograms per  Gram) in Various Tissues of Patients 
Receiving Digoxin Maintenance Therapy 


Number Plasma Digoxin Skeletal 
of Patients Concentration, ng/ml Heartb Muscle Liver Kidneys Reference 


3 


12 


4 
12 
10 
8 


1.3-2.3 


0.9-1.9 


1.0-2.5 
1.0-2.3 
0.9-2.4 
1.0-2.2 


Observed 
LV = 58- 8 f 2  33 f 6 94 f 54 33 
RV = 47 f 13 
L A = 1 9 f 7  
V = 133 f 16 30 f 4 72 f 13 128 f 20 14 
A =  6 5 f 9  


95 f 30 9 f 2  - 


86 f 41 
31 f 13 - 


107 f 33 


- - 
- 


- - 


43 
32 
44 
45 


Predicted 
- 0.9-2.5 36-100- 8-23 14-38 180-500 - 


a Concentration f SD. * LV = left ventricle, RV = right ventricle, LA = left atrium, V = ventricle. and A = atrium. 


modified model, are shown in Fig. 1. The pharmacokinetic model indi- 
cates that both plasma and tissue digoxin concentrations are elevated 
in the anuric dog compared to those in the dog with normal renal function. 
These findings are consistent with experimental observations in dogs with 
ligated ureters (18). 


The physiologically based pharmacokinetic model developed for the 
dog was scaled to apply to humans by adjusting only organ blood flow 
rates, organ volumes, and clearance parameters (Tables I and 11). Pre- 
dicted and observed plasma digoxin concentrations in adults given a 
0.75-mg iv dose are compared in Fig. 3. Although the model predictions 
underestimate the early digoxin concentrations, good agreement is seen 
after 10 hr. Many reasons are possible for the initially poor predictions. 
Estimates of average blood flows and tissue-to-plasma concentration 
ratios (Table I) or of average biliary clearance (Table 11) may he too high 
to reflect accurately the situation in these patients. Alternatively, dif- 
fusion of drug to the intracellular space may play a more important role 
than is assumed by a blood flow rate-limited distribution model. 


The predicted tissue digoxin concentrations in humans after a single 
intravenous dose, based on tissue-to-plasma digoxin concentration ratios 
estimated in the dog, are shown in Fig. 4. Unfortunately, there are little 
published data to compare with these values. However, postmortem 
measurements of tissue digoxin levels in patients who had been receiving 
digoxin maintenance therapy and who had plasma digoxin concentrations 
of 0.9-1.9 ng/ml (14, 32, 33) are in good agreement with predicted 
steady-state digoxin levels in plasma, heart, and skeletal muscle (Table 
111). Postmortem digoxin concentrations in the liver are about 1.5-2 times 


4.001t 2.00 


0 1 2 3 4 5 6  
DAYS 


Figure 6-Predicted (-) and observed plasma digoxin concentrations 
inpatients with normal renal function (O) ,  inpatients with moderate 
renal impairment (O), and in patients with severe renal failure (A). 
Experimental data were taken from Ref. 19. 


greater than those predicted. A larger difference was noted between ob- 
served and predicted digoxin concentrations in the kidney; predicted 
digoxin levels are two to three times higher than those found. 


A wide range of results has been reported for the urinary digoxin ex- 
cretion in patients with normal renal function (1,19,29-31,34-36). The 
predicted urinary excretion rate of digoxin is consistent with these data 
(Fig. 5). 


An effort to simulate plasma digoxin concentrations in patients with 
impaired renal function by simply reducing the renal clearance parameter 
of the model was only partially successful. Figure 6 shows predicted and 
observed plasma digoxin levels after a single intravenous dose to patients 
with different degrees of renal function. Reasonably good predictions 
of plasma digoxin concentrations are seen for patients with normal renal 
function and with moderate renal impairment, i.e., renal function about 
50% of normal. However, the predicted plasma digoxin levels of anephric 
patients consistently underestimate the observed values. This discrep- 
ancy may he related in part t o  the fact that uremia also decreases the 
binding of digoxin to myocardial tissue (37) as well as its apparent volume 
of distribution (3,38). More importantly, it undoubtedly reflects the use 
of a nonspecific assay that measures digoxin as well as all its metabolites 
that accumulate in the absence of renal function, thus overestimating 
digoxin concentration. 


In conclusion, the present pharmacokinetic model requires significant 
modification before it can he used to describe the average time course 
of digoxin in humans. I t  is also evident, at least with digoxin, that it is not 
reasonable to assume that tissue-to-plasma drug concentration ratios 
are similar in different species. Scaling of physiological models must 
routinely consider such differences. 


v l ( d C f / d t )  = ( Q I  - Qg)CB + (QgCg/Rg) - (QlCdRl) 
- ( K I C I / R I )  - (KbCi/Ri) 


Vg(dCg/dt) = Q ~ [ C B  - (Cg/Rg)] + k,V& - ksVgCg 


0%. A6) 


(Eq. A7) 


V,(dC, /d t )  = ksVgCg + (KbCl/Ri) - k,V,C, - KgCc (Eq. A8) 


where Kk, Kl, Kb, and K g  represent renal, metabolic, biliary, and GI 
clearances, respectively; and k ,  and k, represent first-order rate constants 
for GI absorption and secretion, respectively. The terms Vi, C,, Qi, and 
Ri represent tissue volumes, drug concentrations, blood flow rates, and 
tissue-to-blood partition coefficients, respectively. The subscripts of these 
terms are as follows: B = blood; h = heart; m = skeletal muscle; s = skin, 
fat, etc.; k = kidney; l = liver; g = GI tissues; and c = GI contents. 
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CANCER IN THE KITCHEN? 


Pundits claim that television brought violence and sensationalism into 
the American living room. Perhaps this is true. By analogy, we are 
prompted to suggest that  saccharin has brought science and toxicity into 
the American kitchen and dining room. 


The conflicting arguments concerning this chemical substance have 
dramatically brought home to the average citizen the harsh reality of 
benefit-to-risk, of informed choice, of the fallacy of absolute safety, and 
of a host of other scientific issues, in a way that no other controversy before 
it has ever done. 


In recent years, the public has been generally puzzled by the apparent 
inability of health professionals and medical scientists to agree that this 
drug or that drug should or should not be permitted to be used in therapy. 
Similar confusion has surrounded the questions raised about food additives 
such as monosodium glutamate, diagnostic techniques such as X-rays and 
mammography, environmental pollutants such as aerosol fluorocarbons, 
and various other items which have come to be regarded as a part of ev- 
eryday life. 


But in all these cases, it  seemed that the hazards were relatively remote, 
and the perceived reliance upon-or need for-the item involved was not 
critical or even very important to a great number of people. Hence, few 
people got very excited over these matters, except to express impatience 
with the apparent inability of “the experts” to agree one way or the other 
in terms that were clearly black or white. 


Regrettably, the inability of scientists to arrive a t  such unequivocal 
answers created an attitude of suspicion and distrust on the part of much 
of the public. For example, sinister motives frequently have been ascribed 
to fluoridation of drinking water, to controls on purported health cures 
such as krebiozan and laetrile, to the establishment of automobile exhaust 
standards, and to the regulation of flights of supersonic aircraft. 


At best, these issues have been publicly perceived as selfish policies by 
a profit hungry industry. A t  worst, they have been branded as subversive 
political plots designed to destroy the physical and mental well-being of 
the general population. And always there were cries of interference with 
personal freedom and constitutional rights. No wonder, then, that science 
has lost its luster and scientists are no longer accorded the hero worship 
so common just a generation ago. 


But for all its problems, headaches, and general nuisance effect, the 
saccharin controversy has proven to have considerable educational value. 
Even the average lay person seems to have a reasonable understanding 
of the questions involved, the uncertainty of the hazard, and the hard 
choices to be made. 


Moreover, saccharin is something with which the consumer readily 
identifies. I t  is in the low calorie soft drinks, the diet foods on the super- 
market shelves, the packets of sweetener on restaurant tables. People of 
all ages are weight and calorie conscious; artificial sweeteners are felt to 
provide a convenient, economical, and taste-satisfying answer to this 
problem. 


However, only one generally acceptable artificial sweetener is currently 
available, and fuzzy questions have now been raised as to just how safe it 
is. People are very unhappy with this situation; nevertheless, they are able 
to comprehend and understand the dilemma it poses. I t  is also one that, 
a t  least for the moment, they are being forced to decide for themselves- 
does one push the button for the diet cola in the vending machine, or the 
button for the sugar-sweetened version? The choice is there, and the 
person is thirsty now. And the answer isn’t easy. 


Consequently, although the pharmaceutical world is primarily taken 
up with what impact the proposed saccharin ban will have on drug for- 
mulations and related products such as dentifrices and mouthwash, this 
far-reaching proposal has brought the general public face-to-face with the 
type of hard decision-making common to many contemporary scientific 
issues. Hopefully, this experience will provide the public with a better 
comprehension of the difficulty involved-even for “the experts”-in 
making the best choice when these kinds of situations arise in the future. 
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for nonionic surfactants, substituting Eq. A16 in Eqs. A17 and A18 
y i e 1 d s : 


Xc,, = CNaOH + CT - v c m  (Eq. A19) 


for ionic surfactants and: 


zc,, = cr - vc, (Eq. A20) 


By substituting values for Z,, C,,, BC,,, and ZC,,,, Eq. A13 is reduced 
for nonionic surfactants. 


to: 


(Eq. A21) 


for nonionic surfactants and: 


for the ionic surfactant. Equations A21 and A22 are equivalent to Eqs. 
8 and 9. 


Evaluation of C, (Derivation of Eq. 10)-The value for C, can be 
obtained as follows. Since the only ion likely to be solubilized is that of 
indomethacin, then C;, = C, and Ci, = C,. When solving Eq. 7 for 
C,: 


C, 
K‘ exp (-ZiF&IRT) 


c,, = (Eq. A23) 


Equation A23 is equal to Eq. A15. Solving for C, yields Eq. 10. 
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High-pressure Liquid Chromatographic-Mass Spectrometric 
Determination of Ag-Tetrahydrocannabinol in 
Human Plasma following Marijuana Smoking 


J. L. VALENTINEx, PAUL J. BRYANT, PAUL L. GUTSHALL, 
OWEN H. M. GAN, PATRICIA D. LOVEGREEN, 
EVERETT D. THOMPSON, and HSIEN CHI N I U  


Abstract 0 A method was developed for analyzing Ag-tetrahydrocan- 
nabinol (I) ,  a psychotomimetic constituent found in marijuana smoke. 
The developed method utilizes a high-pressure liquid chromatographic 
(HPLC) gradient elution program to separate I from the other major 
cannabinoids in marijuana smoke. To achieve the sensitivity required 
to detect I in human plasma following marijuana smoking, a mass spec- 
trometric quantification method was developed to analyze the HPLC 
eluant. To 1 ml of human plasma was added a known amount of internal 
standard, trideuterated I. This stable isotope provided a check on ex- 
traction efficiency, a marker for UV monitoring of the HPLC effluent 
and subsequent collection, and a convenient mass for mass spectrometric 
quantification. An ion-counting techique was used in conjunction with 
the peak matching accessory of the mass spectrometer to provide for a 
rapid comparison between molecular ions of I and the internal standard. 
The method was linear, accurate, and reproducible over the concentration 
range expected for I in plasma following marijuana smoking; 2.5 ng/ml 


was the lower practical limit of detection. Plasma from 11 male subjects 
was analyzed by the method a t  appropriate intervals up to 24 hr after the 
smoking of a marijuana cigarette containing 10.8 mg of I. Results dem- 
onstrated that levels of I could be determined accurately in the plasma 
of marijuana smokers in the 1-hr period following smoking. 


Keyphrases 0 A9-Tetrahydrocannabinol-high-pressure liquid chro- 
matographic-mass spectrometric analysis, human plasma after smoking 
marijuana High-pressure liquid chromatography-mass spectrome- 
try-analysis, A9-tetrahydrocannabinol, human plasma after smoking 
marijuana 0 Marijuana constituents-A9-tetrahydrocannabinol, high- 
pressure liquid chromatographic-mass spectrometric analysis, human 
plasma after smoking marijuana Psychotomimetic agents-A9- 
tetrahydrocannabinol, high-pressure liquid chromatographic-mass 
spectrometric analysis, human plasma after smoking marijuana 


Marijuana smoking is quite prevalent in certain seg- 
ments of the populace in the United States (1). Most 
marijuana contains four principal constituents (2): A9- 
tetrahydrocannabinol (I), cannabidiol (II), cannabinol 


(111), and cannabichromene (IV). Compound I is believed 
to be responsible for the psychotomimetic properties of 
marijuana (3). Some of the physiological responses in hu- 
mans were shown to change following smoking of cigarettes 
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I II 


111 Iv 
containing I, and these changes correlated with plasma 
levels of I and its metabolites (4). However, such studies 
were performed using radiolabeled I since no methods were 
available for plasma assays. More recently, methods such 
as GLC (5, 6), GLC-mass spectrometry (7, 8), and ra- 
dioimmunoassay (9,lO) were proposed for the analysis of 
I in plasma. 


The present method utilizes a high-pressure liquid 
chromatographic (HPLC)-mass spectrometric technique 
for determining nanogram per milliliter quantities of I in 
human plasma. Problems associated with direct coupling 
of the liquid chromatograph to the mass spectrometer (10) 
are circumvented. Fractions of the mobile phase emanating 
from the liquid chromatograph are collected and subse- 
quently analyzed uia the direct insertion probe of the mass 
spectrometer. 


Inherent in this method is the use of a stable deuterated 
isotope of I for controlling extraction efficiency, as a 
marker for collection of the HPLC effluent, and as an in- 
ternal standard for mass spectrometric quantification. 
Thus, the plasma has enough internal standard added to 
allow its detection by a UV spectrophotometer connected 
to the output of the liquid chromatograph. Once the in- 
ternal standard is detected, fractions of the mobile phase 
eluant are collected and introduced uia the direct insertion 
probe of the mass spectrometer for quantification. 


This method was validated for I over a concentration 
range of 1-100 nglml in human plasma. Prior studies (4, 
7-9) indicated that this range was expected for plasma 
levels of I following the smoking of cigarettes containing 
I. The new assay method was then used to determine 
plasma I levels in 11 male volunteers during 24 hr following 
the smoking of a marijuana cigarette. 


EXPERIMENTAL 


HPLC-All HPLC analyses were conducted on a gradient elution 
instrument’ utilizing a recording spectrophotometer2 set at 273.7 nm and 
a 10-pm silica gel, 25-cm X 2-mm (i.d.) column3. A gradient elution pro- 
gram was developed using heptane and methylene chloride. To separate 
the cannabinoids satisfactorily as well as to assure accurate mass spec- 
trometric quantitation, it was necessary to record routinely the UV 
spectrum of each lot of heptane and methylene chloride prior to its use. 
Only lots that gave minimum absorbance in the 260-280-nm region were 
used. 


A gradient elution program was used starting from 955% and pro- 
ceeding to 5:95% heptane-methylene chloride over 9 min. The program 
was reversed, i.e., from 595% to the initial 95:5% heptane-methylene 


Varian 8520 liquid chromatograph. 


Varian Si-lo. 
* Varian 635M UV-visible spectrophotometer. 


I I I I I I 


1 0 9 8 7 6 5 4 3 2 1  
MINUTES 


Figure 1-HPLC analysis of pooled human plasma from nonsmokers 
to which 1.0 pg of I I  (CBD), 0.25 pg of III (CBN), 1.0 pg of  I (A9-THCj, 
and 0.25 pg of IV (CBC) were added. 


chloride mixture, thereby regenerating the column. A solvent flow rate 
of 120 ml/hr was used for all determinations. Using these conditions, both 
I and its stable isotope, trideuterated I, had a retention time of 4.8 min 
or appeared at a gradient elution mixture of 5348% methylene chlo- 
ride-heptane. The other major constituents of marijuana, 11,111, and IV, 
had retention times of 4.3,4.5, and 5.6 min, respectively (Fig. 1). 


The amount of I-d3 added to the plasma was sufficient to allow UV 
detection of total I (labeled plus unlabeled) as it eluted from the column. 
A 10-cm “zero dead volume” stainless steel tube was attached to the 
flowcell of the spectrophotometer to facilitate collection of the effluent 
droplets almost instantaneously after detection in the flowcell. 


Mass Spectrometric Quantification-All mass spectrometric 
analyses were accomplished using a high-resolution, double-focusing mass 
spectrometer4. A new ion-counting technique was developed in con- 
junction with the peak matching accessory of the mass spectrometer, 
which provided for a rapid comparison between data from the molecular 
ion of the internal standard (mle  317) and the assayed compound ( m l e  
314). Each sample coming from the liquid chromatograph was introduced 
into the mass spectrometer uia the direct insertion probe, and the in- 
strument initially was focused on mle  317. Then, through the action of 
the peak matching unit and with a resolution of 2500, it was alternately 
focused to mle  314. 


As this alternation from mle  317 to 314 occurred, the number of ion 
counts for each compound was recorded and stored in two registers of a 
dedicated computer5. This unit summed the number of ion events oc- 
curring in both mle 314 and 317 and stored them in two registers (A and 
B). Thus, a running total of ions detected from the mle  317 internal 
standard and the unknown amount of mle  314 were stored separately 
by the counter. The peak matching accessory was set to dwell for 67 msec 
on each mass before alternating to the other mass. A time of 67 msec was 
required to sweep each-mass peak across the electron multiplier. 


A total counting time of 67 sec combined with a probe temperature of 
65’ gave optimum results. The probe temperature was programmed from 
ambient to 65’ within 2 sec. Thus, in 67 sec, the alternating cycle was 
repeated 500 times, yielding 1000 bits of data for comparison and quan- 
tification. With time, the sample was depleted, but the ratio based on the 
internal standard remained linear and provided dependable quantifi- 
cation. 


Linear plots were obtained from a computer-plotter6 by using the data 
from Register B (m/e  314) for the ordinate and from Register A (mle  317) 
for the abscissa and determining the least-squares best straight line. The 
slope of the line gives the mle  314-317 ratio, which can be multiplied by 
the amount of internal standard added to get the concentration of I. In 
actual practice, the stable isotope compound used7 contained a small 
amount of I. A mass spectrometric determination of the amount of mle  
314 in the internal standard was made by analyzing 10 samples of 1.6 pg 
of I-da that had been added to 1 ml of plasma (Table I). This value for 


Varian MAT model SM1-B. 


Hewlett-Packard model 9820A. 
Obtained from Research Triangle Institute through the National Institute on 


5 Princeton Applied Research, model SSR 11 10. 


Drug Abuse. The trideuterated label was in the 11-position. 
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Table I-Precision and  Accuracy in Recovery of I Added to 
Human Plasma 


Added, 
nglml Founda, nglml n fRSD RE 


0 11.3 (9.35-13.6)* 10 11.15 - 
1 1.2 (0.6-1.5) 3 43.3 20.0 
5 4.5 (4.0-4.7) 3 9.0 -11.12 


10 10.5 (9.5-12.4) 10 10.0 5.0 
20 20.0 (19.1-21.1) 3 5.14 0.0 


Table 11-Amount of I (Nanograms per Milliliter) Found in 
Human Plasma following Mari juana Smoking 


Hours 
-~ 


Subject 0 0.25 0.5 1 2 3 4 12 24 


D.L. 3.6 23.0 10.1 12.2 7.1 0.9 3.5 2.7 0 
B.N. 1.2 39.0 11.7 3.8 0.9 0 0.7 0 1.7 
B.B. 1.6 34.1 23.3 16.8 1.4 1.1 0 2.0 0.9 
D.J. 0 66.7 19.7 11.8 3.0 3.8 4.3 0 3.1 
F.R. 4.2 38.4 20.1 6.8 8.4 2.8 8.2 0.6 OF) 
B.W. 0.4 57.9 24.8 14.8 10.7 2.4 6.2 5.8 &!i 
W.Z. 1.2 39.7 19.7 6.8 5.3 4.9 2.0 0 0 
R.B. 5.7 43.7 18.9 27.6 6.7 4.4 2.5 0.1 3.4 


40 41.2 (39.6-42.5) 3 3.58 3.0 
60 62.1 (61.3-62.8) 3 1.26 3.5 
80 82.8 (74.9-90.7) 3 9.55 3.5 


100 103.7 (99.3-106.0) 3 3.65 3.7 
Average percent recovered = 103.8 


Average (range) of n determinations. This value represents the amount of 
I found in 1.6 pg of the internal standard. Other values are corrected for this 
amount. 


I in the internal standard was subtracted from the amount of I found in 
the assayed samples to  give the actual found value. 


Methods of Plasma Analysis-All glassware was silylated using a 
reported method (11). Whole blood was centrifuged at 2600 rpm for 20 
min to obtain plasma. T o  1 ml of plasma was added 1.6 pg of I-d3 (0.5 ml 
of a 3.2-pglml solution in methanol) followed by extraction three times, 
using 2 ml of petroleum ether for each extraction. The extracts were 
combined and evaporated to dryness under nitrogen a t  room tempera- 
ture. The resultant residue was reconstituted in 300 pl of heptane, and 
the entire solution was injected into the liquid chromatograph. 


A 100-pl wash of heptane was used on the vessel containing the extracts; 
it was also injected into the chromatograph, and the gradient elution 
program previously described was used for separation. When the peak 
for combined I and I-ds was observed on the recorder, the eluant was 
collected in a silanized screw-capped vials. Collection of the eluant was 
correlated with the recorder tracing so that equal amounts of the top 
one-half were obtained from both sides of the symmetrical peak. In 
general, approximately 0.5 ml of eluant was collected for each I-I-& 
peak. 


Samples thus collected from the chromatograph were stored a t  -5' 
until mass spectrometric analysis. Prior to analysis, each sample was 
evaporated under nitrogen a t  room temperature to approximately 25 pl. 
A microsyringe was used to transfer this solution in successive portions 
to a 5-pl gold cup. The solution was allowed to air evaporate, and the gold 
cup was placed into the direct insertion probe of the mass spectrometer. 
Quantification was accomplished as described. 


Validity of Plasma Assay-Control blood samples from 10 laboratory 
workers known to be nonusers of marijuana were drawn and analyzed 
as described. Each sample contained some I, since the 1.6 pg of I-d3 added 
to each plasma sample contained an average of 11.3 ng of I (Table I). T o  
demonstrate the reproducibility and accuracy of the developed method, 
pooled human plasma samples were analyzed to which known amounts 
of I had been added (Table I). A plot of these data gave a linear curve 
whose intercept passed not through the origin but rather through a point 
corresponding to the 11.3 ng of I contained in the internal standard. 


Marijuana Smoking Studies9-Eleven healthy male volunteers, 
21-26 years old, were used. Each subject was within 10% of ideal body 
weight and received both medical and psychological examinations prior 
to the experiment. Values for the following tests were determined prior 
to the study, and each subject was required to be within the normal range: 
ECG, chest X-ray, creatinine, blood urea nitrogen, lactic dehydrogenase, 
serum glutamic-oxaloacetic transaminase, alkaline phosphatase, blood 
sugar, calcium, phosphorus, bilirubin, total protein, albumin, cholesterol, 
uric acid, hematocrit, hemoglobin, platelet count, and prothrombin 
time. 


All subjects were moderate marijuana smokers. Each was requested 
not to smoke marijuana for 2 days prior to reporting for the study. The 
subjects were brought into the hospital ward 12 hr prior to smoking, and 
they were not allowed food or drink after 12:OO am of the study day. At 
approximately 8:OO am of the test day, each subject had a heparin-lock 
placed in a forearm vein and 5 ml of blood was withdrawn and placed in 
a silanized heparinized vacuum tube. Each blood sample was handled 
so that the blood did not come in contact with the rubber stopper. 


All blood samples were immediately centrifuged at 2600 rpm, and the 


Reacti-Vial, Pierce Chemical Co. 
All smoking studies were performed at the Marijuana Research Institute, 


School of Medicine, University of California-Los Angeles. 


L.G. 7.6 15.3 39.9 8.1 2.1 11.1 7.5 9.7 2.5 
T.V. 11.3 34.6 16.5 10.1 5.1 4.2 2.3 1.6 2.8 
K.C. 4.7 20.6 22.4 14.5 8.4 7.7 4.7 5.0 2.5 
Mean 3.8 37.5 20.7 12.1 5.2 3.9 3.6 2.5 1.9 


plasma was removed, placed in another silanized tube, and frozen for later 
analysis. This initial 5 ml of blood drawn prior to smoking constituted 
the 0-hr sample. Each subject smoked one marijuana cigarettelo, which 
contained 10.8 mg of I, 2.16 mg of II1,O.g mg of IV, and 0.63 mg of 11. Upon 
completion of smoking, timing was begun. Blood samples (5 ml) were 
withdrawn at 0.25,0.5, 1 , 2 , 3 , 4 ,  12, and 24 hr. Each blood sample was 
handled as described. Table I1 gives the blood I levels found for each 
subject. 


RESULTS AND DISCUSSION 


Analysis of trace substances in a biological system is often limited by 
the sensitivity and accuracy of the method employed. This was precisely 
the case with I, since prior literature reports documented the rather low 
levels of I occurring in blood following marijuana smoking. Therefore, 
in the present work, a technique was developed that took advantage of 
the resolving ability of HPLC and the sensitivity of mass spectrometry 
to quantitate very low levels of I in human plasma. 


To achieve the needed accuracy and reproducibility, a stable isotopic 
form of I was added to the plasma to control extraction efficiency, to 
prevent losses during the chromatographic elution, as a marker for eluant 
collection, and as a convenient mass for mass spectrometric quantifica- 
tion. The HPLC program used permits a selective quantification of I, 
since the other cannabinoids with mle 314 (I1 and IV) in marijuana are 
adequately resolved from I. In addition, the moderate resolution used 
in the mass spectrometric quantification prevents analysis of other sat- 
ellite masses present due to constituents in the plasma also having an mle 
close to 314. 


Plasma was extracted three times to introduce to the mass spectrom- 
eter sufficient stable isotope for accurate quantification while not using 
excessive amounts of the isotope as the internal standard. The other 
important use of I-ds was to permit the total amount of I (both labeled 
and unlabeled) to be detectable by the UV spectrophotometer attached 
to the output of the liquid chromatograph. When using the described 
HPLC program and UV wavelength monitoring, a minimum of 100 nglml 
of I in plasma could be detected. This finding was in agreement with the 
reported (12) low absorptivity of I. However, as already discussed, the 
levels of I following marijuana smoking were known to be significantly 
lower than the 100-nglml levels detectable by HPLC-UV spectropho- 
tometry. Thus, by using 1.6 pg of I-d3 as the internal standard, a clearly 
detectable peak was observed on the resultant chromatogram. 


The observed range for the determinations on control plasma with 
added I-& was 9.35-13.6 nglml, with an average value of 11.3 nglml 
(Table I). Applying the Student distribution or t values to these data gave 
62.29 nglml for a 99% confidence limit. The other data given in Table 
I were obtained by adding a known amount of I as well as 1.6 pg of Id :<  
as the internal standard to pooled human plasma from nonsmokers of 
marijuana. Each value obtained from the known I addition experiments 
was corrected for the contribution from unlabeled material present in 
the internal standard-uiz., 11.3 ng/ml. 


The reproducibility and accuracy were good for all levels of I added 
to plasma except the 1-ng/ml level. The lack of accuracy at this level was 
due to the overlap of confidence limits between the internal standard and 
this low level of added I. Although a precise determination of the lower 
limits of sensitivity was not made, 2.5 nglml apparently would be the 
lower limit of detection for the assay. Such a value would be above the 
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plicable to the study of other drug entities in biological fluids where very 
low detection levels are required along with precise specificity. However, 
for such determinations, the stable isotopic form of the drug is need- 
ed. 


I I 


O’ b 1:o 2.b 3.b 4:o 12.0 24.0 
HOURS 


Figure 2-Average plasma levels of I (Ag-THC) for 11 marijuana 
smokers (not corrected for contribution of I-dd and 10 nonsmokers. The 
solid horizontal line represents the average plasma level of I found in 
nonusers and is due t o  the impurity present in the internal standard, 
whereas the 99% confidence limits for this value are represented by the 
horizontal dotted lines. The vertical lines at  each data point represent 
the lower half of the confidence limits for those 11 determinations made 
in the marijuana smokers a t  the appropriate time interual. 


99% confidence limits of I found as a contaminant in the internal stan- 
dard. 


Figure 2 is a plot of the average uncorrected plasma I levels of 11 male 
volunteers who smoked one marijuana cigarette of known I content. The 
maximum blood I level occurred at  0.25 hr. Also the I level in the control 
or 0-hr sample was positive. This fact can be explained on the basis of the 
type of subject used in the marijuana smoking studies. All subjects were 
moderate marijuana users. Each was confined 12 hr prior to smoking and 
was asked not to smoke marijuana for 2 days prior to the study. The an- 
alytical data obtained on the plasma of each subject indicated that only 
five individuals conformed to the established protocol. 


The 99% confidence levels, as determined by the Student distribution 
(t-value) method, are shown by the vertical bars at  each data point. The 
horizontal lines represent the average value (dark line) for 10 nonsmokers 
of marijuana as well as the 99% confidence limits (dotted lines). Wherever 
the confidence limits for data from both marijuana smokers and non- 
smokers coalesce, a time period exists where marijuana use could not he 
assigned with 99% confidence. Thus, for up to 1 hr after marijuana 
smoking, the levels of I are clearly determinable and marijuana use can 
be assigned with 99% confidence using the present assay method. 


The HPLC-mass spectrometric methodology described would be ap- 
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Radioimmunoassay of Minoxidil in Human Serum 


MAX E. ROYER”, HOWARD KO, TERRY J. GILBERTSON, 
JOHN M. McCALL, KAREN T. JOHNSTON, and RONALD STRYD 


Abstract A simple, sensitive, and specific radioimmunoassay for de- 
termining minoxidil was developed. Antiserums to two minoxidil haptens 
were compared for cross-reactivity and assay levels on human serums. 
One antiserum had little cross-reactivity with minoxidil metabolites. The 
radioimmunoassay is specific for determining minoxidil directly in serum 
without extraction. Human serum minoxidil levels were determined from 
a single oral dose. 
Keyphrases Minoxidil-radioimmunoassay, human serum Ra- 
dioimmunoassay-minoxidil in human serum 0 Antihypertensives- 
minoxidil, radioimmunoassay in human serum 


Minoxidil(2,4-diamino-6-piperidinopyrimidine 3-oxide) 
(I) is a potent hypotensive agent useful in the treatment 
of severe hypertension (1,2). A sensitive assay was needed 


for determining serum I levels. Attempts with a GLC 
procedure indicated that sizable amounts of the several 
derivatives tried were lost on the column. High-pressure 
liquid chromatography (HPLC) would have adequate 
sensitivity for only the higher serum concentrations en- 
countered at  normal dosage levels of I. Chromatographic 
methods for I in serum also require extraction and a pre- 
liminary chromatographic cleanup step. Such procedures 
are tedious and time consuming. Radioimmunoassay, 
however, permits analysis of many samples without ex- 
traction and with adequate sensitivity. 


Antiserums were developed in rabbits against two bo- 
vine serum albumin conjugates of the N-4-glutaryl(II) and 
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General Class of Multiparticulate Dissolution Models 


PETER VENG PEDERSENx and K. F. BROWN 


Abstract The dissolution of multiparticulate systems under sink and 
nonsink conditions can be described rigorously according to a generally 
applicable formula on the basis of the single-particle dissolution model 
and the initial particle distribution. The kinetic model for log-normal 
systems dissolving under sink conditions is extended to nonsink condi- 
tions as a specific example. The equation presented describes a general 
class of multiparticulate models for various values of the dispersion pa- 
rameter and the dissolution capacity coefficient. 


Keyphrases Dissolution model-multiparticulate systems under sink 
and nonsink conditions, generally applicable equations derived 0 Models, 
dissolution-multiparticulate systems under sink and nonsink condi- 
tions, generally applicable equations derived Multiparticulate sys- 
tems-dissolution model under sink and nonsink conditions, generally 
applicable equations derived 


Characterization of dissolution behavior is often facili- 
tated by the use of an appropriate mathematical model 
that enables the process to be summarized in terms of one 
or more parameters such as the dissolution rate constant. 
Since most dissolution tests are performed under nonsink 
conditions, the kinetics under such conditions are of in- 
terest. Various nonsink dissolution equations for mul- 
tiparticulate systems have been derived (lkl), but they are 
based on monodisperse systems which are rarely met in 
practice (5). 


A proper characterization of dissolution behavior must 
account for the particle-size distribution. This paper 
provides a general and rigorous description of dissolution 
under nonsink conditions on the basis of a single-particle 
dissolution model and the initial particle distribution. 
Log-normal powders are considered as a specific example. 
The equation presented describes a large class of mul- 
tiparticulate dissolution models for various values of the 
dispersion parameter and the dissolution capacity coeffi- 
cient. 


THEORY 


A previous publication (6) showed how the dissolution kinetics of a 
multiparticulate system can be rigorously described theoretically when 
the single-particle dissolution equation is known together with the initial 
particle-size distribution. Although equations for the general case (Eqs. 
12 and 13 in Ref. 6) were derived assuming sink conditions, they can also 
be applied to nonsink dissolution. 


In the current context, sink condition is defined as interparticle in- 
dependent dissolution'. This condition may be closely approximated in 
a noncumulating, open, flow-through system (7). A nonsink condition 
is defined as the condition in a solute-cumulating, closed system, where 
the particles are exposed to the same bulk concentration of solute. Dis- 
solution according to the latter definition implies agitation that is intense 
enough to give a homogeneous bulk solute concentration and to suspend 
the dissolving particles freely in the vehicle. 


The only difference between the mathematical description of the two 
systems is that, for nonsink conditions, dissolution is influenced by the 
bulk concentration of solute; therefore, the single-particle dissolution 
equation contains an additional time-dependent variable. Since this 
variable is a function of the total dissolution behavior of the system, 
mathematical analysis leads to an integral equation describing mul- 
tiparticulate nonsink dissolution kinetics. 


These principles can be illustrated on the hasis of the well-known 
Noyes-Whitney kinetics (8) for log-normal powders and spherical par- 
ticles without loss of generality. The choice of a log-normal distribution 
to approximate the initial particle distribution appears appropriate 
considering previous investigations (7,9,10). 


Single-Particle Dissolution Equation-Consider a single spherical 
particle, in a polydisperse system, dissolving under nonsink conditions 
according to the Noyes-Whitney model: 


dwldt = -kis(ci - C )  = - k 2 ~ * / ~ [ c ~ . -  (Wo - W)/V] (Eq. 1) 


where w is the weight of the particle, s is its surface area, and c, is the 
interfacial solute concentration which, in most cases, is close to the sol- 
ubility concentration, c,. Let it be assumed that k l  and kz = 4 ~ ( 4 / 3  
T P ) - ~ / ~ ~ ~  ( p  = density) are constants not dependent on the particle di- 
ameter. Such an assumption is reasonable, since it leads to the well-es- 
tablished cube root model (1) under sink conditions (c = 0). If the sin- 
gle-particle dissolution kinetics are different from the Noyes-Whitney 
kinetics (11) or if k (Eq. 1) is not constant, then the multiparticulate ki- 
netics can still be treated similarly to the cases considered below. The 
bulk solute concentration, c (Eq. l ) ,  is, according to the definition of 
nonsink conditions, equal to the ratio of the amount of powder dissolved, 
( WO - W ) ,  to the vehicle volume, V. 


It is useful to introduce the dissolution capacity coefficient defined 
by: 


(Eq. 2) (Y = [(csV - W0)/W0Jl/3 = [(c,V - Wo)/Wo]1/3 


Equation 1 then integrates to yield: 


For comparison with earlier derivations (6, 12), it is convenient also to 


This definition is different from the usual definition, which defines a sink 
condition as a condition where the solute bulk concentration does not increase 
bevond a small fraction (10-1536) of the solubility concentration. 
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present the single-particle dissolution equation derived for sink condi- 
tions (c  = 0, Eq.1): 


w = ( WO1I3 - k t ) 3  (Eq. 4) 


where: 


k = 3k2CS (Eq. 5) 


According to Eqs. 2-5, Eq. 3 can be written in the following form: 


w = ( Wo1/3 - A ) 3  (Eq. 6) 


where: 


(Eq. 7) 


Multiparticulate Dissolution Equation-If log-normal powders are 
considered, the initial particle distribution is approximated by Eq. 15 
from Ref. 6, which together with the single-particle dissolution model, 
Eq. 6, completely defines the multiparticulate dissolution according to 
Eq. 13 from Ref. 6. Equation 4 was used to derive the expression (Eq. 18 
in Ref. 6 )  for dissolution of truncated log-normal powders under sink 
conditions. This equation was later presented in a more compact form 
(Eq. 15 in Ref. 12), which can be written using the notation defined pre- 
viouslv (13): 


F(T2 - n u )  - F(T1-  n u )  
F G  - 30) - F(-i - 30) 


X exp[(n2 - 9)u2/2] (Eq. 8) 


where: 


TI = max (In K*t,  -iu)/u (Eq. 9) 


models for both mono- and polydisperse systems and nonsink and sink 
conditions (Table I). A monodisperse powder is described by letting u 
= 0; the sink condition is described by letting a = OJ. For closed systems 
(V = constant), a always is finite, so a sink condition can only be ap- 
proached when a + m. Although N is not defined by Eq. 2 for open sys- 
tems operating under sink conditions, it is meaningful and mathemati- 
cally correct to define the dissolution capacity coefficient to be infinite 
(a  = m )  for such systems. For example, according to Eq. 16, G - K*t for 
a - m ;  i.e., for c, V >> WO, Eqs. 13 and 17 approach the equations valid 
for sink conditions as expected. A monodisperse system is described by 
letting u - 0, which leads to: 


$ = io (4) ( - G ) ( 3 - n )  = (1 - G ) R  (Eq. 18) 


or: 


f = 1 - G  (Eq. 19) 


where f = ( W/W0)1/3 is introduced for convenience. Differentiation and 
rearrangement of Eq. 19 give: 


(Eq. 20) 


which, for a # 0, integrates to: 


@ ( f )  = @(1) - K*t max (-a,  0 )  5 f 5 1 (Eq. 21) 


where: 


For a = 0, Eq. 20 integrates to: 


Tz = max (In K*t,  j u ) / u  Furthermore, i t  can be seen (Eq. 19) that if a monodisperse system ( n  
= 0) is exposed to a large excess of solvent so that c,V >> Wo ( a  - m), the 
dissolution kinetics approach the Hixson-Crowell cube root law: 


(Eq’ lo) 


( E ~ .  11) F ( x )  = 7 1 .  f exp (-x2/2) dx 
V 2 K J - m  - 


The use of the max relationship (Eqs. 9 and 10) in this expression is re- 
lated to the fact that a rigorous definition of the single-particle dissolution 
equation is not given by Eq. 4 but by: 


w = [max ( ~ 1 0 ~ ’ ~  - k t ,  0)13 (Eq. 12) 


since it is required that w - 0 for t - a, which is not the case in Eq. 4. 
The operator P introduced earlier (6) automatically accounts for this lack 
of generality. The “switch” in 7’1 (Eq. 9) occurs a t  the so-called critical 
time (14-17) when the smallest particles start disappearing. The switch 
in TP denotes the completion of dissolution. At that time and thereafter, 
7’1 = 7’2 [= In ( K * t ) / u ] ,  so WIWo = 0 as expected. 


I t  is apparent from the the derivation of Eq. 8 (6, 13) that it can be 
readily extended to nonsink conditions. The only change in the derivation 
is that the single-particle dissolution equation (Eq. 6) is somewhat dif- 
ferent from Eq. 4. However, this difference can be accounted for simply 
by substituting A for k t  throughout. The following nonsink dissolution 
equation for log-normal powders results: 


F ( T 2  - n u )  - F(T1- n u )  
FG - 30) - F(-i - 3a) 


X exp [(n2 - 9)u2/2] (Eq. 13) 


where: 


TI = max (In C, -ia)/a 


T2 = max (In G, j u ) / u  


(Eq. 14) 


(Eq. 15) 


If the truncation parameters i and j are more than 3, then the particle 
distribution can be just as well approximated by an “ideal” distribution 
(i = j = m ) ,  which leads to (13): 


X exp [ ( n 2  - 9)uz/2] (Eq. 17) 


Equation 13 describes a general class of multiparticulate dissolution 


f = (W/W0)1/3 = 1 - K*t 


RESULTS AND DISCUSSION 


(Eq. 24) 


Effective Particle Distribution-The description of the kinetics 
of polydisperse systems presented is based on a log-normal, spherical 
approximation to the initial particle distribution, the simplest approxi- 
mation in most cases (7, 9, 10). Even if particle-size analysis reveals a 
significant deviation from log-normality and the particle shapes are 
considerably different from spherical, the effective size distribution may 
still be close to log-normal with respect to dissolution behavior. The  ef- 
fectiue particle distribution is defined as the distribution of  a hypo- 
thetical system of spherical particles where each individual spherical 
particle best approximates the real particle according to  the single- 
particle dissolution equation expressed on a w/wo versus time basis. 


Most particle-size distributions are characterized by a pronounced 
skewness to the right (5,9). The dispersion parameter, u, takes into ac- 
count not only how broad a distribution is but also such skewness. This 
single parameter, therefore, appears to be the simplest, general measure 
of the distribution effect. The value of K* and u in characterizing disso- 
lution behavior was discussed previously (13). The equations summarized 
in Table I have considerable practical value, since they enable dissolution 
behavior to be characterized in terms of these parameters. Evaluation 
can be made under sink as well as nonsink conditions, thus making the 
approach generally applicable and feasible using almost any dissolution 
apparatus. 


Numerical Treatment-The experimental determination of K’ and 
u under sink conditions was described previously (13). A method for si- 
multaneous determination of u and K* from nonsink dissolution data 
for polydisperse systems, employing Eq. 13 or 17, is described in the 
Appendix. 


Effect of Dispersion Parameter-Theoretical dissolution profiles 
were calculated according to Eq. 17, with a3 = 5, using the numerical 
approach in the Appendix,  to evaluate the effect of the dispersion pa- 
rameter u (Fig. l). A cube root representation is used for a better com- 
parison with the dissolution of monodisperse systems (a = 0) dissolving 
under sink conditions (Eq. 24). Only a slight deviation from linearity is 
observed due to  the nonsink conditions (a3 = 5)  for the monodisperse 
systems (second curve from left). An increasing deviat.ion from linearity 
is observed for increasing values of the dispersion parameter as expected. 


1436 /Journal of Pharmaceutical Sciences 







Table I-A General Class of Multiparticulate Dissolution Models Based on Eq. 13 


Dissolution Dispersion Truncation 
Capacity Parameter, Parametersb, Particle 


Coefficient", a U i and j Distribution Condition Dissolution Model 


- 1 < n < m  u > o  and; < m Truncated log-normal Nonsink Eq. 13 
- l < a < m  0 > 0  Z = J =  m Ideal log-normal Nonsink Eq. 17 
- 1 < c r < m  u = o  i = ; = o  Monodisperse Nonsink Eq. 21 (a # O ) ,  Eq. 23 (a = 0) 
a = m  O > O  i a n f l j < m  Truncated log-normal Sink Eq. 8 
a = m  O > O  I = ] = "  Ideal log-normal Sink Eq. 17 with G = K*t 
( y = m  u = o  i = j = O  Monodisperse . Sink Eq. 24 


When,n < 0, dissolution will be incomplete: min (W/Wo) = -a3 [in general, min (WIW,) = max (-a3, O ) ] .  The cases for semiideal distributions; i .e. ,  i = m, J < rn 
or i < m, J = m can similarly be described (13). 


The numerical solution of Eq. 17 closely approached the numerical so- 
lution of Eq. 21 as u - 0, thus indicating satisfactory accuracy in the 
numerical technique used2. 


Deviations from Linearity in  4, (t) Plot for  Polydisperse Sys- 
tems-For monodisperse systems, Eq. 21 predicts a linear relationship 
between @ ( f )  and t ,  enabling K* to be determined by linear regression. 
However, a deviation from linearity is expected in practice, since most 
systems are not monodisperse. The extent to which such deviations de- 
pend on u is of interest. The exact theoretical curves in Fig. 1 for the 
nonsink dissolution of polydisperse systems were plotted according to 
Eq. 21, using K*t instead o f t  as the independent variable for generality 
(Fig. 2):i. 


The deviation from linearity is not greatly affected by u in the initial 
dissolution phases, but it becomes more pronounced toward the end for 
u values greater than about 0.2. This result indicates the need to follow 
dissolution to completion or near completion to get a reliable estimate 
of the degree of dispersion of a multiparticulate system. 


Dissolution of Dosage Forms-The given equations are derived for 
multiparticulate systems of pure compounds. Particle systems produced 
by fast disintegrating tablets and capsules are multiparticulate, although 
perhaps not as well defied as those considered. The equations presented 
should be valuable to characterize the dissolution behavior of such dosage 
forms. 


I f  the disintegration time, 7, is significant compared to the dissolution 


l . O i  
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0 1 2 3 4 


K *t 


Figure 1-Effect of the dispersion parameter, u, on the intrinsic dis- 
solution profile of log-normal powders dissolving (Eq. 17) under nonsink 
conditions with a dissolution capacity coefficient a3 = 5. T h e  straight 
line at the far left (Eq. 24), representing a monodisperse system (u = 
0 )  dissolving under sink conditions (a  = a), is included for comparison. 
The  other five curves represent, from left to right, u = 0, 0.1,0.2,0.3, and 
0.4, respectively. 


time, the variable t in the equations presented should be redefined as: 


t = max ( t  - 7 , O )  (Eq. 25) 


for a better description of the kinetics. In such cases, 7 may be treated 
as an additional parameter that can be determined from the dissolution 
data. 


Experimental analysis o f  dissolution kinetics of polydisperse systems 
under nonsink conditions considering those models is in progress. 


APPENDIX 


Equations 13 and 17 appear somewhat complex to evaluate because 
the dependent variable, W/Wo, occurs in implicit, nonlinear, integral 
form. A general numerical approach for nonlinear integral equations (18) 
is too complex for practical purposes. Fortunately, however, the problem 
can be transformed into an initial value problem, which can be solved 
readily using established numerical techniques (19) as follows. Let  


t w  .=A R d t  (Eq. A l )  


y' = w/ wo (Eq. A2) 


Substitution of these equations into Eqs. 13 and 17 yields the initial value 
problem: 


Y' = h ( t ,  y )  ~ ( 0 )  = 0 (Eq. A3) 


The function h is simply the right-hand side of Eq. 13 (or 17), where 
JbW/Wo dt  has been substituted by y .  The y ( t )  values obtained using 
a suitable integration algorithm will, when substituted into Eq. A3, give 
the required explicit functional relationship between the variables W/Wo 
and t :  


W / W o = y ' ( t )  = h [ t , y ( t ) ]  (Eq. A4) 


Once this relationship is defined, the parameters u and K* (as well as i, 


-0.4 I 
0 1 2 


A fourth-order Rhunga-Kutta method was used to solve the initial value 
problem. 


plotted in Fig. 2 until 99% has dissolved to disregard approximation errors origi- 
nating from the infinite tails of the untruncated distribution. 


Figure 2-Effect of the dispersion parameter, ,,, on linearity when 


Fig. 1)  are plotted according to J%. 21, which is based on monodisperse 
systems. From left to right, u = 0, 0.1, 0.2,0.3, and 0.4, respectiuely. 


3 Because Eq, 17 is based on an ideal distribution, the dissolution data are only nonsink (a3 = 5, dissozution data from powders (Eq. l7 and 


Vol. 66, No. 10, October 1977 I1437 







j ,  (Y, and T) can then be determined directly from nonsink dissolution data 
(W/Wo versus t )  using a suitable nonlinear regression program. 
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Bioavailability of Sulfadiazine in Rabbits 
Using Tablets Prepared by 
Direct Compression and Fluidized-Bed Granulation 


W. A. RITSCHEL” and W. ERN1 


Abstract tl Experimental sulfadiazine tablets prepared by direct com- 
pression, using a commercially available direct compression tablet mass, 
were compared with experimental sulfadiazine tablets prepared by 
fluidized-bed granulation and commercially available sulfadiazine tablets 
USP. The values for friability and the time required to release 10 and 50% 
of the direct compression tablets were between those of the fluidized-hed 
tablets and the commercial product. With the commercial tablet as a 
standard, the extent of bioavailability was determined in rabbits; it was 
slightly higher for both the direct compression and fluidized-bed tablets. 
A statistically significant difference was found between the direct com- 
pression tablets and the standard with respect to the extent of bioavail- 
ability and the time of the peak. 


Keyphrases 0 Sulfadiazine-bioavailability of tablets prepared by 
direct compression and fluidized-bed techniques compared to commercial 
product, rabbits 0 Bioavailability-sulfadiazine, tablets prepared by 
direct compression and fluidized-bed techniques compared to commercial 
product, rabbits tl Tablets-sulfadiazine, prepared by direct compression 
and fluidized-bed techniques, bioavailability compared to commercial 
product, rabbits Antibacterials-sulfadiazine, bioavailability of tablets 
prepared by direct compression and fluidized-bed techniques compared 
to commercial product, rabbits 


Sulfadiazine tablets are considered to present actual or 
potential bioequivalence problems (1). The use of a direct 
compression technique for their preparation seemed of 
particular interest, since numerous formulation factors 
influencing the i n  vitro dissolution rate and bioavailability 
previously were studied with sulfadiazine as a model 


substance. The compression pressure and binder concen- 
tration of acacia affected the dissolution rate of sulfadi- 
azine tablets (2)- The effects of disintegration agents, 
binders, fillers, and lubricants on the in uitro disintegration 
time and dissolution rate and the in uiuo availability of 
various formulations were investigated (3). The highest 
blood levels in rabbits were found with formulations that 
did not contain magnesium stearate as the lubricant and 
lactose as the filler. 


The influence of different lubricants in various con- 
centrations on dissolution rate and bioavailability was 
studied (4). The highest bioavailability was obtained when 
the lubricant was kept a t  the minimum concentration with 
improved flow properties; a lubricant concentration re- 
sulting in optimum flow properties resulted in decreased 
bioavailability. Increasing amounts of starch paste, car- 
boxymethylcellulose sodium, gelatin, or polyethylene 
glycol decreased in vitro drug release, whereas increasing 
amounts of povidone increased sulfadiazine release (5). 
Increasing amounts of carboxymethylcellulose sodium 
resulted in decreased bioavailability in rabbits (5 ) .  


The influence of the granulation method on the in uitro 
drug release and bioavailability of sulfadiazine tablets in 
rabbits was studied (6,7). In uitro drug release decreased 
in the following order of granulation method fluidized bed, 
nodulation, shaking, sieve pressure, and hole disk. I n  uiuo 
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Effects on blood sugar levels in Charles River rats were observed for 
several of the rhodanine derivatives3. 5-(2-Pyrrolylmethylene)rhoda- 
nine (22) (150 mg/kg) increased blood glucose significantly at 1,2, and 
4 hr after oral dosing, and 5-(2-thienylmethylene)rhodanine (150 mgfkg) 
increased blood glucose at 4 hr after oral dosing. No effect on blood glu- 
cose was observed for 5-(4-pyridylmethylene)rhodanine (150 mgfkg) or 
for 5-(2-pyridyletbylidene)rhodanine (150 mgfkg). Increases in blood 
glucose at  4 hr after oral administration were also found for 2,2’-dithio- 
bis[3-(2-furyl)acrylic acid] (22) (100 mg/kg) and 2,2’-dithiobis-(3- 
phenylacrylic acid) (23) (75 mgkg). Significant effects on blood glucose 
levels may be caused either by suitable 5-substituted rhodanines or their 
hydrolysis products, the dithioacrylic acids. 
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Effects of Polyelectrolytes on Drug Transport 11: Permeation 


K. F. FARNG * and K. G .  NELSON 


Abstract The permeation rate of salicylate across a dialysis membrane 
was studied in the presence of various types of carboxymethylcellulose. 
The presence of the polymer in the salicylate solution increased the 
permeation rate of salicylate. The data were analyzed with a diffusional 
model in which the viscosity and charge effects were evaluated sepa- 
rately. 


Keyphrases Salicylate-permeation rate across a dialysis membrane 
in presence of various types of carboxymethylcellulose Permeation 
rate-salicylate across a dialysis membrane in presence of various types 
of carboxymethylcellulose Drug transport-permeation rate of sali- 
cylate across a dialysis membrane in presence of various types of car- 
boxymethylcellulose 0 Carboxymethylcellulose, various types-effect 
on permeation rate of salicylate across a dialysis membrane 0 Poly- 
electrolytes-various types of carboxymethylcellulose, effect on per- 
meation rate of salicylate across a dialysis membrane 


Previously (l), it was observed that the presence of the 
polyelectrolyte carboxymethylcellulose decreased the 
aqueous diffusivity of a small solute (salicylate) only 


moderately and that salicylate, which was present as a 
co-ion of the polymer, was transported out of the polymer 
solution and into an aqueous environment more rapidly 
than if the polymer were not present. This report de- 
scribes further studies on this enhanced transport phe- 
nomenon involving an in uitro permeation apparatus. 


EXPERIMENTAL 


Permeation Cell-A permeation cell was constructed from plastic’ 
and consisted of two symmetrical parts clamped together with a dialysis 
membrane at  the plane of symmetry. The diffusion cell was described 
previously (2). Each compartment holds about 125 ml of liquid, and the 
area of the membrane available for permeation is 16.8 cm2. The cell was 
immersed in a water bath for temperature control, and each compartment 
was stirred with a stirring rod tipped with flattened rubber tubing and 
rotated at  2000 rpm. 


Lucite, Rohm & Haas, Philadelphia, Pa. 
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Figure 1-Permeation flux (nanomoles per square centimeter per 
second) of salicylate versus salicylate concentration difference. Num- 
bers adjacent to curves represent percent (w/u) carboxymethylcellulose 
sodium ( V ) .  


The cellulose membrane, cut from dialysis tubing2, was soaked at  least 
2 days in water containing a preservative (1% sodium azide) under re- 
frigeration. It was then washed with distilled water and kept wet during 
the assembling of the apparatus. The thickness of the wet membrane was 
46.6 pm as measured with a micrometer. With this thickness, the lag time 
to reach steady-state flux was short and could not be detected. 


The water content of the wet membrane was determined by the weight 
difference between a membrane dried with filter paper and a membrane 
dried under vacuum. The weight fraction of water in a wet membrane was 
0.568, which corresponds to a volume fraction of water of 0.667. The 
figures agree with reported values (3,4). 


Materials-Various types of pharmaceutical grade carboxymethyl- 
cellulose sodium3 were used as obtained without further purification. Two 
types with a 1.2 degree of substitution were used; one4 was a medium high 
viscosity grade (I) and the other5 was a medium grade (11). Three types 
had a degree of substitution of 0.7; the first6 was a medium high viscosity 
grade (III), the second7 was a medium grade (IV), and the thirds was a 
low grade (V). Hydroxyethylcellulose9 (VI) was used as the nonionic 
polymer. The physical properties of these polymers have been reported 
(1) or are available from the manufacturer (5). Reagent grade sodium 
salicylate'O was used as supplied. 


ProcedureeThe permeation cell and the solutions were equilibrated 
with the water bath (37') prior to an experiment. To start an experiment, 
125 ml of the solution containing sodium salicylate (1.6 mM) and the 
polymer was transferred to one side of the cell (Compartment 1). In most 
cases, the other side (Compartment 2) was filled with 125 ml of distilled 
water. The appearance of salicylate in Compartment 2 was monitored 
by a flow system consisting of a peristaltic pump", polyethylene tubing, 
and a flowcell. The latter had a 1-mm light path and was mounted in a 
recording spectrophotometer12 (202 nm). Data obtained in this manner 
indicated a linear relationship between absorbance and time, and such 
experiments were carried out for about 3-7 min. 


After this initial phase of the experiment, 4 ml of solution was removed 
from Compartment 1 and replaced with 4 ml of 50 mM sodium salicylate 
solution containing the same concentration of polymer as the original 
solution. Again, the absorbance increase with time was measured. By 
continuing in this manner, the concentration difference of salicylate 
across the membrane could be increased stepwise from 1.6 to 12 mM 
without changing the solutions. The salicylate concentration in Com- 
partment 2 increased, of course, but it never achieved a concentration 
of over 0.2 mM. 


Visking dialysis membrane, Union Carbide Corp., Chicago. Ill. 
Cellulose Gum, Hercules, Inc., Wilmington, Del. 
Type 12M31P. 
TvDe 12M8P. 
Type 7M2lSF. 
Type IMXF. 
TvDe 7LXF. 


9 Type KR. 
lo Mallinckrodt Chemical Works, St. Louis, Mo. 
l 1  Proportioning pump model I, Technicon Instrument Co 
l2 Cary 15, Cary Instruments, Monrovia, Calif. 


Table I-Permeability and Apparent Partition Coefficient for 
Transport of Salicylate across Cellophane Membrane from 
Polymer Solutions to Water (37") 


Percent P f S E  
Polymer (wlv) x lo4, cmlsec K 


I 0.4 1.89 f 0.02 1.23 
0.8 1.98 f 0.03 1.49 
1.2 2.06 f 0.04 1.89 
1.6 2.18 f 0.03 2.63 


IV 


v 


2.0 
0.2 
0.5 
1 .o 
1.5 


2.06 f 0.01 2.98 
1.76 f 0.03 1.03 
1.86 f 0.03 1.16 
2.07 f 0.03 1.52 
2.19 f 0.02 1.98 


0.4 1.83 f 0.02 1.18 
0.8 
1.2 
1.6 
2.0 
0.3 ~~ 


0.6 
1 .o 
1.5 
2.0 
0.4 
0.8 
1.2 
2.0 
3.0 


VI 0.42 
0.84 
1.26 
1.68 


2.03 f 0.01 1.55 
2.22 f 0.02 2.18 
2.13 f 0.03 2.50 
1.96 f 0.13 2.59 
1.72 f 0.03 1.02 
1.91 f 0.02 1.23 
1.90 f 0.01 1.35 
2.14 f 0.02 1.90 
2.34 f 0.04 2.84 
1.68 f 0.05 0.98 
1.81 f 0.02 1.12 
2.07 f 0.01 1.39 
2.32 f 0.02 1.83 
2.59 f 0.03 2.62 


a 1.65 f 0.02 - 
1.54 f 0.04 - 
1.30 f 0.02 - 
1.25 f 0.05 - 


(I With K assumed to be unity. 


RESULTS AND DISCUSSION 


Permeability-The absorbance-time charts obtained as described 
were read by a digitizer, and the data were transferred directly into a 
calculator13. Because the absorbance is linearly proportional to the 
concentration in the range studied, the flux per unit area, J ,  could be 
readily calculated from the least-squares slopes of the absorbance-time 
data and the absorptivity together with the following relationship: 


where VZ and Cz are the volume and concentration, respectively, in 
Compartment 2; A is the area of the membrane; and t is the time. Since 
each flux determination required only about 5 min and the absorbance- 
time data were linear, the fluxes obtained may be considered to be initial 
transport rates. The mass balance and sequential additions also were 
programmed in the calculator so that flux-concentration difference lines 
were constructed by the calculator plotter directly. Typical data are 
shown in Fig. 1. 


The experimental permeability, P, defined as: 


where AC is the concentration difference across the membrane, was de- 
termined directly from the slope of the linear region on the flux-con- 
centration difference plots. Although a more extensive analysis can be 
carried out utilizing the phenomenological equations of Kedem and 
Katchalsky (6,7), the use of the more simple form of transport expression, 
Eq. 2, results in not more than 2% error, which is in the range of the ex- 
perimental precision (2). The curvature at lower ionic concentrations due 
to either salicylate or polyelectrolyte is apparently the result of residual 
carboxyl groups on the membrane (4). The permeability of salicylate at 
various concentrations of polymer was obtained as the least-squares slope 
of the linear portion ( r  > 0.99) of t,he flux-concentration difference curves 
to exclude this residual charge effect. Permeabilities obtained in this 
manner along with the standard errors are given in Table I. The salicylate 
permeability without polymer was 1.77 X 10-4 cm/sec. 


Salicylate permeability across the dialysis membrane was increased 
when carboxymethylcellulose sodium was in Compartment 1. Since any 
effect of the charged membrane was eliminated by using only the linear 
regions of the flux-concentration difference curves, the results were 


I 3  HP9100, Hewlett-Packard Co., Palo Alto, Calif. 
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Table 11-Permeability of Salicylate under Various 
Polvelectrolvte Gradient Conditions 


Compartment Compartment Polymer, P f SE x 104, 
1 2 % WIV cmlsec 


I Water 0.4 1.89 f 0.02 
I I 0.4 
Water I 0.4 
111 Water 0.4 
111 111 0.4 
Water 111 0.4 


1.70 f 0.02 
1.52 f 0.03 
1.83 f 0.02 
1.56 f 0.02 
1.55 f 0.03 


1v Water 0.3 1.72 f 0.03 
IV IV 0.3 1.56 f 0.05 
IV Water 0.6 1.91 f 0.02 
IV IV 0.6 1.47 f 0.02 
IV Water 1.0 1.90 f 0.01 
1v 1v 1.0 1.37 f 0.08 


probably due, a t  least in part, to the interaction of the charges between 
the co-ion and the polyelectrolyte (1). The polyelectrolyte concentration 
gradient at the interface of Compartment 1 and the membrane gives rise 
to an electrical field, which creates a driving force for the transport of ions 
in this vicinity. This effect would be in addition to the normal diffusional 
movement. 


To explore this charge effect further, three types of experiments were 
performed ( a )  polyelectrolyte was added to Compartment 2, i.e., it is 
present in both compartments; ( b )  a nonionic polymer was used in place 
of the polyelectrolyte in Compartment 1; and (c) a swamping electrolyte 
was added to nullify the charge interaction. 


The experimental results for the case where polyelectrolyte was present 
on both sides of the membrane are given in Table 11. Salicylate perme- 
ability decreased when the concentration of carboxymethylcellulose in 
Compartment 2 was the same as in Compartment 1. Although this type 
of experiment effectively eliminates the net polyelectrolyte gradient that 
should reduce the permeation rate, it also may increase the diffusional 
resistance at the interface between the membrane and Compartment 2. 
The further reduction in permeability when salicylate diffuses against 
the polyelectrolyte gradient, i.e., with water in Compartment 1, suggests 
that this latter effect is only of secondary importance. 


When the nonionic polymer hydroxyethylcellulose was used in Com- 
partment 1 in place of the polyelectrolyte, the permeability decreased 
with an increase in the polymer concentration. These results are shown 
as the last entries in Table I. Because there is no possibility for charge 
interaction under these conditions, the effect is due to the increase in 
diffusional resistance, which will be discussed later. 


When a “swamping” electrolyte (0.2 N NaF) was added to the solutions 
in both compartments, the permeability decreased as the polyelectrolyte 
concentration increased (Fig. 2). This high ionic strength effectively 
eliminated the ionic interactions between salicylate and the polymer. At  
zero polymer concentration, the permeabilities do not coincide in Fig. 
2 because of the widely differing ionic strength. 


Permeation Model-Where the polyelectrolyte gradient exists, the 
enhancement of salicylate transport can be interpreted in terms of an 
apparent partition coefficient. Based on the stagnant or unstirred liquid 
diffusion layer hypothesis, the model shown in Fig. 3 was used for data 
analysis. The h is the thickness of the diffusion barrier; D is the diffu- 
sivity; subscripts 1,2, and m distinguish the properties in the two com- 
partments and the membrane; and K is the apparent partition coefficient 
of salicylate between the solution in Compartment 1 and the water in the 
membrane. 


From the application of Fick’s first law to the case of three barriers in 
series, as shown in the model of Fig. 3, with an apparent partition coef- 
ficient between the first and second layers only, the following relationship 
can be derived 


where J/,,, is the volume fraction of water in the membrane and D ,  is an 
apparent diffusivity because it includes any tortuosity effects in the 
membrane. 


To calculate K from experimental permeation data, the values for D ,  
and the h’s must first be determined as follows. For salicylate transport 
with only water in the two compartments, D ,  can be determined as a 
function of h, (=hl, hz), where the subscript w indicates water only, from 
Eq. 3 with K = 1. Similarly, with hydroxyethylcellulose in Compartment 
1, hl can be calculated as a function of h, (=h2). For this calculation, i t  
is necessary to know D1, the diffusion coefficient of salicylate in the 


1 1  
0 1 2 3 


POLYMER, % wlv  


Figure 2-Effect of strnng electrolyte on permeability of salicylate 
(centimeters per second) as a function of carborymethylcellulose 
sodium ( V )  concentration. Key: 0 , O . Z  N NaF in both compartments; 
and 0, no sodium fluoride. 


polymer solution. Experimentally, it was found (1,2) that it is described 
by the linear relationship: 


D1 = Do(1 - 3.8Vp) (Eq. 4) 


where DO is the diffusivity in pure water and V,  is the volume fraction 
of polymer. Assuming a value for h,, one can calculate hl as the viscosity 
of solution in Compartment 1 changes. The simplest relationship between 
hl and viscosity 7 experimentally was: 


lnh l  = a  + b In7 (Eq. 5 )  


where a and b are constants (Fig. 4). If the assumed value of h, is correct, 
the value of hl in Eq. 5 extrapolated to 7 = 1 cps (viscosity of water) 
should be equal to the assumed h,. A value of h, near 82 pm satisfied this 
criterion. This value corresponds to a = -4.800 f 0.086 (SE) and b = 
0.189 f 0.016, with a correlation coefficient of 0.993. From Eq. 3, a cal- 
culated value for D ,  of 1.69 X 


To check the validity of this value for h,, a similar computation was 
carried out for salicylate transport in the presence of a polyelectrolyte 
gradient but with a swamping electrolyte of 0.2 M NaF on both sides of 
the membrane to nullify the charge effect. A value of 81.9 pm was ob- 
tained. A plot of data according to Eq. 5 is given in Fig. 4. 


Knowing D,, h,, 7,  the constants in Eq. 5, and D1 from Eq. 4, one can 
calculate the apparent partition coefficient K from Eq. 3. The values of 
K calculated in this manner are included in Table I and shown in Fig. 
5. 


The presence of carboxymethylcellulose sodium in Compartment 1 
facilitates the salicylate transport across the membrane by providing a 
driving force in addition to diffusion. This driving force arises from the 
electrical interaction between the charge of the co-ion and the electrical 


cm2/sec corresponds to this h,. 


1 m 2 


K 
Figure 3-Diffusion layer model. 
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h, v 
Figure 4-Relationship between viscosity and hypothetical diffusion 
layer thickness. Key: 0, hydroxyethylcetlulose (VI); 0, carbozymeth- 
ylcellulose sodium (V); and A, carboxymethylcellulose sodium ( IV) .  


field of the polyelectrolyte gradient. While perhaps not reflecting the most 
fundamental parameter involved, ie., the force exerted on the co-ion, 
the use of Eq. 3 to evaluate the experimental data results in a measure 
of this co-ion enhancement in terms of an apparent partition coefficient 
of the permeant as a function of polyelectrolyte concentration. 


When carboxymethylcellulose sodium was present in Compartment 
1, the salicylate permeation rate was increased. If this increase arose from 
the co-ionic charge interaction, one would expect the chain length and 
the degree of substitution to affect this permeation enhancement. The 
calculated apparent partition coefficients are plotted in Fig. 5 as a 
function of polymer concentration for various polyelectrolytes. The longer 
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Figure 5-Apparent partition coefficient versus concentration of 
carboxymethylcellulose sodium. Key (types): 0,  I; 0, II; A, 111; A, IV; 
and U, V.  


the chain length (higher viscosity grades), the greater is the charge effect 
between the co-ion and the polyelectrolyte, which may be summarized 
for the various grades as I11 > IV > V and I > 11. Regarding the degree 
of substitution, however, no conclusion could be reached because the 
curves involving polymers having about the same chain length but dif- 
ferent degrees of substitution on the carboxymethylcellulose are rather 
close to  each other, e.g., I1 and IV and I and III; therefore, only two lines 
are included on Fig. 5 for these data. 
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Fluorescence Studies of Oxygen Binding in 
Limulus Hernocyanin 


JOSEPH K. H. MA *X, LOUIS A. LUZZI *, 
JANE Y. C. MA*, and NORMAN C. LI*  


Abstract 0 Limulus hemocyanin, a weakly fluorescent copper protein 
when oxygenated, is highly fluorescent in the deoxygenated forms. 4 large 
enhancement of the fluorescence yield, 8.8-fold a t  neutral pH, was ob- 
served on complete deoxygenation, and a 9.4-fold increase was observed 
on removal of copper from oxyhemocyanin. The weak fluorescence of 
oxyhemocyanin is attributed to radiationless energy transfer from the 
tryptophan residues to the C w O  group. The average distance between 
these two moieties was 21.4 A. In oxyhemocyanin, the active site con- 
taining copper and oxygen is strongly hydrophobic, and a change in 
oxygen binding may profoundly alter the hydrophobic structure of the 
protein. This alteration is indicated by the binding of tetracycline to the 
protein where the distance between tryptophans and the tetracycline 
binding site is significantly increased when the protein is deoxygenated 
or when copper is removed. From the fluorescence results, it was found 
that the Cu-0 group in Limulus, an arthropod hemocyanin, is nearer 
and interacts more strongly with the tryptophan residues than these 
groups in the mollusk (Leuentina hierosolima and Murex trunculus) 
hemocyanins. Deoxygenation of oxyhemocyanin by sodium sulfite was 
catalyzed by trace amounts of certain metal ions. The reaction rate was 
increased significantly by CO(II), CU(II), and Mn(rr), in decreasing order, 
but not by Zn(I1). 


Keyphrases 0 Limulus hemocyanin-oxygen binding, energy transfer, 
fluorometric study 0 Hemocyanin, Limulus-oxygen binding, energy 
transfer, fluorometric study 0 Oxygen binding-Limutus hemocyanin, 
fluorometric study Energy transfer-Limulus hemocyanin, fluoro- 
metric study Fluorometry-study of Limulus hemocyanin oxygen 
binding and energy transfer 


Hemocyanin is a nonheme, oxygen-carrying copper 
protein found in many mollusks and arthropods. The 
protein, a deep-blue color when oxygenated, becomes 
colorless when deoxygenated. One oxygen molecule binds 
to two copper atoms in the protein (1). All hemocyanins 
reversibly bind oxygen and, in most cases, appear to play 
a physiological role analogous to  that of hemoglobin in 
higher animals, i.e., the transport of oxygen to tissues. 


BACKGROUND 


While the oxygen binding phenomenon of hemocyanin has been known 
for some time, the binding mechanism and the nature of the binding site 
are still not clear. Spectrophotometric studies showed that the absorption 
spectrum of a deoxyhemocyanin is, in general, a typical protein spectrum. 
Upon binding oxygen, hemocyanin exhibits a profound change in its 
absorption spectrum. In addition to the absorption a t  280 nm, strong 
bands in the 340-350- and 400-800-nm regions have been observed. 
Oxygen binding also results in profound changes in the fluorescence 
spectrum of the protein. 


Shaklai and Daniel (2), in studying the fluorescence of mollusk Le- 
uantina hierosolima hemocyanin, reported that when the protein was 
deoxygenated or when copper was removed, the fluorescence yield a t  pH 
6.6 increased fourfold in each case. The fluorescence change was traced 
to radiationless energy transfer from the tryptophan residues to the 
Cu-0 groups with the average distance between the two units reported 
to be about 25 A. Bannister and coworkers (3,4) reported that for Murer 
trunculus, another mollusk hemocyanin, the fluorescence was attribut- 
able to tryptophan and that the fluorescence was enhanced 513% when 
copper was removed from the protein. 


Fluorescence spectroscopy is a useful tool for energy transfer studies. 
In a protein, the fluorescent tryptophan residue may transfer its elec- 
tronic energy to a bound ligand if, among other conditions, the two units 


are closely located on the macromolecule. The energy transfer data permit 
calculation of the distance between the energy donor and acceptor and, 
thus, provide useful information about the nature of the binding site. In 
this investigation, the energy transfer studies on Limulus hernocyanin, 
an arthropod protein that has been extensively investigated for rapid 
endotoxin assay (9, were carried out using the fluorescence technique. 
The reasons for this investigation were: 


1. There are significant differences between hemocyanins from mol- 
lusks and arthropods, including differences in molecular architecture as 
revealed by electron microscopy, circular dichroism, and subunit disso- 
ciation properties (6). Fluorescence studies have been reported only on 
mollusk hemocyanin. 


2. The equations used previously (2) for the energy transfer calcula- 
tions need to be modified. 


To provide additional insight into the oxygen binding of hemocyanin, 
the effect of metal ions on the deoxygenation of Limulus hemocyanin 
and the effect of oxygen binding on protein interaction with small mol- 
ecules also were studied. The latter is demonstrated by the binding and 
energy transfer studies of tetracycline with oxy-, deoxy-, and apohemo- 
cyanins. 


EXPERIMENTAL 


Materials-Limulus hemocyanin hernolymph' was purified as follows 
(7,8). The hemolymph was centrifuged2 in the cold (4') at 120,OOOXg. 
The pellet was dissolved with a small amount of water, dialyzed against 
water a t  4 O  for 2 days, and ultracentrifuged again; the resulting pellet was 
dissolved in water. The purified protein was stored a t  4'. 


Dilutions of the protein solutions were made using 0.05 M trometha- 
mine hydrochloride buffer, pH 7. The protein concentration was deter- 
mined from the absorbance a t  280 nm (E::m = 15.711, using a value of 
74,900 for the molecular weight carrying one oxygen binding site in 
hemocyanin (7, 8).  The purified protein did not display a detectable 
CU(II) electron spin resonance signal measured a t  77' K with a spec- 
trometer3 operating a t  9.06 GHz. 


Apohemocyanin was prepared by dialyzing a 3% solution of the purified 
oxyhemocyanin against 0.1 M phosphate buffer containing 0.1 M KCN 
and 0.05 M MgC12 a t  pH 7.8 for 2 days. Excess cyanide was removed by 
dialyzing against water for 2 days. The apohemocyanin thus prepared 
showed no absorption at 340 nm. 


Tetracycline hydrochloride4 and bovine serum albumin5 were obtained 
commercially. All other chemicals were reagent grade. 


Instruments and Methods-Fluorescence measurements were made 
with a spectrophotofluorometer6 equipped with a 150-w xenon lamp, a 
1P21 photomultiplier tube, and an x-y spectral recorder7. The absorption 
spectra were recorded with a spectrophotometers using a matched set 
of 1-cm cells. Unless otherwise mentioned, all experiments were carried 
out in pH 7 tromethamine a t  25 f 0.5". Fluorescence quenching titra- 
tions, in which the fluorescence of the protein was recorded after each 
addition of a small amount of tetracycline (2 pl of a 0.01 or 0.001 M stock 
solution), were performed manually with microsyringes. 


Binding Studies-The binding of tetracycline to hernocyanin was 
determined using the Scatchard equation: 


(Eq. 1) 


is the number of moles of bound tetracycline ( D b )  per mole of 


- 
VID, = nK - T K  


where 


1 Marine Biological Laboratory, Woods Hole, Mass. * Spinco model L ultracentrifuge. 
3 Model E-4, Varian Instrument Division, Palo Alto, Calif. 


Lot 73F503, Bristol Laboratories, Syracuse, N.Y. 
Lot 1662, Nutritional Biochemicals Corp. 
Aminco-Bowman, American Instrument Co., Silver Spring, Md. 
Omnigraphic, Houston Instrument, Bellaire, Tex. 
Cary 118. model C, Varian Instrument Division, Palo Alto, Calif. 
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C F(u) = E2 exp - ( ( u  - U ~ ) / U ~ ] ~  (Eq. 7) 
the overlap integral was obtained as: 


exp - [ (uo - U,)~/(U,~ + ue2) ]  (Eq. 8 )  
G Jv = E1E2 


where E l  and EZ are the maximum molar absorption coefficients for the 
acceptor and donor, respectively; u,, is the wave number of maximum 
absorption of the acceptor with standard deviation 0,; and u, is the wave 
number of maximum emission of the donor with standard deviation ue. 
Equation 8 was used in the energy transfer studies of L. hierosolima 
hemocyanin (2). However, the equation is subject to modification since 
Eqs. 6 and 7 do not represent the Gaussian distribution. To represent the 
Gaussian curves, where 1 SD = -68% of the total curve area, Eqs. 6 and 
7 should be rewritten as: 


E ( u )  = E I  exp - %[(u - u,) /u,]* 


F ( u )  = E Z  exp - %[(u  - ue)/ueI2 


0%. 9) 


(Eq. 10) 


By using Eqs. 9 and 10, the integration of Eq. 5 gives: 
- 
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Figure I-Fluorescence spectra of Limulus hemocyanin in pH 7 tro- 
methamine (excited at 280 nm). Key: A, 1.36 X M oxyhemocyanin; 
B,  1.36 X M oxyhemocyanin with 0.003 M sodium sulfite (the 
spectrum was taken after the sample was stored in the covered cell 
compartment for 25 min); and C ,  1.36 X 


protein, Df is the concentration of unbound tetracycline, n is the number 
of binding sites, a n L K  is the binding constant. T o  calculate Db, from 
which the values of V and Df were obtained, fluorescence quenching ti- 
trations were made over a range of protein concentrations. The fluores- 
cence intensities, expressed as percentages of the initial fluorescence of 
the protein, were then plotted as a function of the tetracycline-protein 
concentration ratio. Above a certain critical protein concentration, the 
titration curves were superimposable since all tetracycline molecules were 
bound. The concentration of bound tetracycline for a solution of lower 
protein concentration was then calculated by (9): 


Db = (Dt ) ( R h  )/(%) (Eq. 2) 


where Dt is the total tetracycline concentration, and R h  and Rl are the 
tetracycline-protein ratios at  the same intensity for high and low protein 
solutions, respectively. In this study, tetracycline binding to 1.36 X 
M oxy- and apohemocyanins was determined using 3.4 X M as the 
high protein concentration. 


Energy Transfer  Theory-The quenching of the fluorescence of 
deoxyhemocyanin by oxygen binding is due to the energy transfer from 
excited-state tryptophan residues (energy donor) to the C w O  groups 
(energy acceptors). The energy transfer information allows calculation 
of the mean distances, R ,  between the donor and acceptor by (10): 


X/(1 - X )  = (Ro/RP (Eq. 3) 


M apohemocyanin. 


where X is the fraction of the absorbed photons transferred and Ro is the 
characteristic distance a t  which the probability of energy transfer is equal 
to the probability of fluorescence. The fraction of energy transfer read 
may be calculated from the percent quenching of the protein fluores- 
cence. 


According to Forster's theory (11): 


Ro = (1.69 X 10-33rJ,/n2U02)1/fi cm 0%. 4) 


where r is the fluorescence lifetime of the donor in the absence of transfer, 
n is the refractive index of the solvent, 50 is the mean of the wave numbers 
of the maximum absorption of the acceptor and the emission of the donor, 
and JL, is the overlap integral. To determine J ,  and UO, Eq. 5 may be 
used: 


(Eq. 5) 


where E(u)  is the molar absorption coefficient of the acceptor and F(u) 
is the molar emission coefficient of the donor. The molar emission 
function, F ( u ) ,  represents the photospectral distribution of the fluores- 
cence in the unit set by the equality that F ( u )  a t  maximum emission 
equals the molar absorption coefficient of the donor. The values of J ,  and 
UO can be determined graphically. A simplified approach to the deter- 
mination of JL, was introduced by Weber (12) using Gaussian approxi- 
mations. By letting: 


E ( u )  = El exp - [ ( u  - u,)/unI2 (Eq. 6) 


J ,  = EiE2  
v''* 


exp - ~ / Z [ ( U ,  - U,)~/(U,~ t ue2)]  (Eq. 11)  


The maximum of the overlap function, UO, can be calculated from the 
following equation: 


50 = (o,2un + un2u,) / (u,2 + u,2) (Eq. 12) 


The result calculated from Eq. 11 is significantly different from that 
calculated from Eq. 8, especially in a system where the absorption max- 
imum of the acceptor and the emission of the donor are largely sepa- 
rated. 


RESULTS AND DISCUSSION 


The fluorescence spectra of 1.36 X lop6 M oxyhemocyanin and apo- 
hemocyanin from Limulus, measured in pH 7 tromethamine, are shown 
in Fig. 1. The excitation and emission maxima for oxyhemocyanin were 
280 and 345 nm, respectively. Apohemocyanin, the copper-free protein, 
showed an enhanced fluorescence, 10-fold in intensity as compared to 
oxyhemocyanin at  350 nm (curve C). Curve B shows the effect of sodium 
sulfite (0.003 M )  on oxyhemocyanin fluorescence. The spectrum was 
taken after the sample was stored in the covered cell compartment for 
25 min when the intensity had ceased to increase. Deoxygenation was 
indicated by the sixfold increase of fluorescence intensity accompanied 
by a shift of the emission maximum from 345 to 350 nm. The shift indi- 
cates a change of the hydrophobic environment of the tryptophan resi- 
dues in the protein upon oxygen binding. 


Hemocyanin denaturation in low pH solutions resulted in protein 
precipitation. At pH < 3, the solution became clear and colorless. The 
relationship of pH and fluorescence of oxyhemocyanin and of the amino 
acid tryptophan is shown in Fig. 2. For tryptophan, which is primarily 
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Figure %--The pH effect on the fluorescence of oxyhemocyanin and 
tryptophan in pH 7 tromethamine. Key: A, 5 X M tryptophan; and 
B ,  6.2 X M oryhemocyanin. 
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Table I-Fluorescence Data of Limulus Hemocyanin in  pH 7 
Tromethamine 


Emission Quantum Fluorescence 
Maximum, Yield, Lifetime, 


Type nm % nsec 


Oxyhemocy anin 345 1.2 0.15 
Deoxyhemocyanin 350 10.5 1.26 
Anohemocvanin 350 11.3 1.36 


responsible for the fluorescence of the protein, a pH titration curve was 
obtained where the pH of the inflection points corresponded to pKl(2.3) 
and pK2 (9.38) (13). White (14) reported similar pH titration curves for 
the fluorescence of tryptophan, tryptophan methyl ester, and N -  
acetyltryptophan. 


For oxyhemocyanin, a sharp increase in fluorescence occurred at  low 
pH values, indicating the dissociation of oxygen from hemocyanin upon 
denaturation in acid solution. In the pH 6.0-9.5 range, oxyhemocyanin 
fluorescence increased with increasing pH, indicating a reverse Bohr 
effect, where the oxygen binding affinity decreases with increasing pH. 
Most hemocyanins have a positive Bohr effect, hut reverse Bohr effects 
have been reported for Limulus and several other gastropod mollusks 
(15,16). The presence of a reverse Bohr effect has been proposed to have 
physiological significance. Limulus hemolymph often has low oxygen and 
carbon dioxide concentrations, as for example, when the animal burrows 
in mud or is exposed in air during egg laying. Oxygen binding and pH 
studies (6) showed that the biological significance of a reverse Bohr effect 
is to ensure a constant supply of oxygen to the tissues. When oxygen is 
less available, the blood pH normally drops because of an increase in the 
carbon dioxide concentration. The increased Bohr effect thus compen- 
sates for the lowered oxygen pressure. 


Similar to the pH effect, the addition of CU(II) ion to hemocyanin also 
produced a cloudy suspension. The absorption spectrum of the copper- 
treated hernocyanin was similar to that of aged hemocyanin, which had 
partly lost its oxygen binding capacity. The addition of small amounts 
of CO(II) and Mn(1I) ions did not affect the fluorescence or absorption 
of oxyhemocyanin; only CU(II) ion quenched the fluorescence of the 
protein. The latter effect may be explained as follows. Tryptophan has 
two excited single states from which fluorescence can occur and a triplet 
state from which phosphorescence can take place. Since the CU(II) ion 
can facilitate singlet-triplet conversion (3), the addition of a small amount 
of CU(II) quenches the protein fluorescence. 


Oxyhemocyanin is slowly deoxygenated by sodium sulfite. Complete 
deoxygenation, however, can be achieved rapidly by adding traces of 
certain metal ions. 1n.a solution containing 4.4 X M oxyhemocyanin 
and 0.005 M sodium sulfite, the addition of 1 X M CO(II), CU~II), or 
Mn(11) resulted in an immediate diminution of the copper absorption 
band at  340 nm as well as a large enhancement of protein fluorescence. 
In the absence of these metal ions, the fluorescence or absorption bands 
did not change during the measuring time. On the other hand, the Zn(I1) 
ion did not affect the fluorescence or absorption spectrum of the sul- 
fite-treated protein. 


Veprek-Siska and Lunka (17) discussed the role of the copper ion in 


0.5 


0.4 


Lu 
0 z O2 
8 0.2 


a 


a 


0.1 


WAVELENGTH, nm 


Figure 3-Fluorescence and absorption spectra of Limulus hemocyanin 
and tetracycline. Key:'A, absorption spectrum of 4.21 X M oxy- 
hemocyanin; B, absorption spectrum of 1 X M tetracycline; C, 
fluorescence spectrum of 4.21 X 10-6 M oxyhemocyanin; and D, fluo- 
rescence spectrum of 4.21 X M deoxyhemocyanin. 
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Figure 4-Scatchard plots for the binding of tetracycline to ory- 
hemocyanin (A) and apohemocyanin (B). 


copper-catalyzed oxidation of sulfite and proposed the formation of a 
sulfito-cuprous complex CU(SO~);~"". Oxygen would react with the 
sulfito-cuprous complex to form intermediate products of the type 
O~CU(SO~);~"~'. It may well be that the same mechanism holds for the 
copper-catalyzed reaction of sulfite with hemocyanin in the formation 
of deoxyhemocyanin. 


Table I summarizes the fluorescence data of Limullls oxy-, deoxy-, and 
apohemocyanins (all a t  4.21 X loT6 M) at  neutral pH. The fluorescence 
yield was calculated by comparing the area under the emission peak with 
that of a bovine serum albumin solution of equal absorbance at  280 nm 
and taking 15.2% for the quantum yield of bovine serum albumin (18). 
Complete deoxygenation of oxyhemocyanin, obtained by treating the 
oxygenated protein with 0.005 M sodium sulfite and 1 X M CuC12, 
resulted in an 8.8-fold increase of the fluorescence yield, significantly 
greater than the increases reported for the mollusk L. hierosolima 
(fourfold) and M. trunculus (fivefold) hernocyanins (2,3). The fluores- 
cence lifetime data shown in Table I were calculated from the natural 
lifetime of tryptophan, which was taken to be 12 nsec (19), and the fluo- 
rescence yield of hemocyanins. 


The fluorescence change of hemocyanin on oxygen binding is due to 
the energy transfer from the tryptophan residues to the Cu-0 groups. 
The conditions necessary for energy transfer are: (a) the absorption 
spectrum of the acceptor must overlap the emission spectrum of the 
donor, (b) the relative orientations of the oscillators must permit strong 
interaction, and (c) the donor and acceptor must be within a certain 
distance for a given efficiency of energy transfer (20). 


Figure 3 shows that the protein fluorescence band strongly overlaps 
the Cu-0 absorption band at 340 nm. The fact that the fluorescence of 
hemocyanin is a function of oxygenation (2, 3) also suggests that the 
fluorescence change is due to the energy transfer process. When using 
Eqs. 4 and 11 and the following values: El = 2.996 X lo4 cm*/mmole 
(molar absorption of the Cu-0 group at  340 nm, calculated from the 
value of E::- = 4.0 and using a value of 74,900 for the molecular weight 
carrying one oxygen binding site), E2 = 0.59 X lo4 cm2/mmole (molar 
absorption of tryptophan at 280 nm), u, = 29,410 cm-l, u, = 28,570 cm-', 
uo = 1850 cm-', ue = 1710 cm-l, 50 = 2.9 X lo4 cm-', n = 1.33, and T = 
1.26 nsec, the energy transfer parameters were calculated as follows: J ,  
= 5.26 X 10" cm3/mmole2 and Ro = 30.2 A. 


The average distance R between the tryptophan residues and the 
Cu-0 group was calculated, based on the quantum yield data given in 
Table I and Eq. 3, to be 21.4 A. The calculated R value represents a ran- 
dom distribution of the C U O  group with respect to all tryptophan 
residues in the protein subunit. It is conceivable that the fluorescence 
of certain tryptophans may be 100% quenched upon oxygen binding while 
that of other residues is quenched to a lesser degree. Nevertheless, the 
results do suggest an interrelationship between the tryptophan residues 
and the C w O  group. 


By using the same equations and the data reported by Shaklai and 
Daniel (2), the values of Ro and R for the mollusk L. hierosolima hemo- 
cyanin at pH 6.6 were calculated to be 29.4 and 24.5 A, respectively. The 
Cu.-O group in the arthropod Limulus hemocyanin is closer to the 
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Table 11-Energy Transfer Parameters in Limulus Hemocyanin 
Donor Acceptor Ju, cm3/mmole2 Ro, 8, R ,  8, 


Deoxyhemocyanin Cu-0 group 5.26 X 10” 30.2 21.4 


Oxyhemocyanin Tetracycline 2.74 X 10” 19.0 11.6 
tryptophans 


tryptophans 


tryptophans 
Deoxyhemocyanin Tetracycline 2.87 X 10” 27.5 16.8 


Apohemocyanin Tetracycline 2.99 X 10” 28.1 17.2 
tryptophans 


tryptophan residues, in line with the more pronounced fluorescence 
change found in Limulus in going from the oxy to deoxy form as com- 
pared to the mollusk hemocyanins. In oxyhemocyanin, the active site 
containing copper and oxygen is in a hydrophobic region. The tyrosine 
and tryptophan residues may be located near the hemocyanin copper 
ions, stabilizing the hydrophobic oxygen site (2,4,21). 


To show the effect of oxygen binding on the interaction of hemocyanin 
with small molecules, binding and energy transfer studies of tetracycline 
to  Limulus hemocyanin were performed. The use of tetracycline is in- 
teresting, since it is capable of receiving energy from tryptophan and has 
been reported to bind close to the tryptophan residues of plasma protein 
(22). Figure 4 shows the Scatchard plots for the binding of tetracycline 
to oxy- and apohemocyanins. Tetracycline binds to the proteins in a ratio 
of one molecule per protein unit carrying one oxygen binding site. The 
binding affinity in apohemocyanin ( K  = 5.9 X lO4M-’) is slightly higher 
than that in oxyhemocyanin ( K  = 4.5 X lo4 M-’). 


The Ro values for the binding of tetracycline to the proteins are shown 
in Table 11. These values were calculated by Eqs. 4 and 11, using the 
following data: El  = 1.56 X lo4 cm*/mmole (molar absorption of tetra- 
cycline a t  360 nm; the spectrum is shown in Fig, 3); E P  = 0.59 X 104 
cm*/mmole; u, = 27,780 cm-’; ve = 28,990 cm-’ for oxyhemocyanin and 
28,570 cm-l for deoxy- and apohemocyanins; u, = 2000 cm-’; ue = 1750 
cm-’ for oxyhemocyanin, 1710 cm-’ for deoxyhemocyanin, and 1840 
cm-’ for apohemocyanin; 50 = 28,500 cm-l for oxyhemocyanin, 28,240 
cm-’ for deoxyhemocyanin, and 28,210 cm-l for apohemocyanin; n = 
1.33; and 7 = 0.15 nsec for oxyhemocyanin, 1.26 nsec for deoxyhemocy- 
anin, and 1.36 nsec for apohemocyanin. 


Tetracycline strongly quenched the fluorescence of hemocyanin. In 
a solution of 3.4 X M oxy-, deoxy-, or apohemocyanin, the fluores- 
cence titration with tetracycline, in each case, resulted in about 95% 
quenching of the protein fluorescence. Based on 95% quenching, values 
of R were calculated using Eq. 3 (Table 11). The results indicate that the 
energy transfer distance between hemocyanin tryptophan and hound 
tetracycline is the same in deoxy- and apohemocyanins but that the 
distance is significantly smaller in oxyhemocyanin. 


Schoot-Uiterkamp et al. (23) reported a Cu-Cu distance of 6 8, in 
N,O- hemocyanin. Since the copper in this hemocyanin and in deoxy. 
hemocyanin is cuprous, Freedman et al. (24) took 6 8, as the Cu-Cu dis- 
tance in deoxyhemocyanin and compared this value with the 3.5-5-A 
distance calculated for oxyhemocyanin, where both coppers are cupric 
and the oxygen is peroxide ion (022-) .  Considerable movement of the 
copper ions away from each other must have occurred when the oxy- 
hemocyanin was deoxygenated. This finding is in line with the increase 
in the hemocyanin tryptophan-bound tetracycline distance when the 
oxyhemocyanin was deoxygenated. 
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Kinetics of Drug-Drug Interactions in Sheep: 
Tolbutarnide and Sulfadimethoxine 
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Abstract The interaction between sulfadimethoxine and tolbutamide 
in sheep involving displacement from protein binding sites was investi- 
gated quantitatively. A 52% increase in the unbound plasma concentra- 
tion of tolbutamide was observed in uitro at  37' after the addition of 
sulfadimethoxine (100 pg/ml) to sheep plasma containing toibutamide 
(50 pg/ml). Transient changes in tolbutamide's unbound and total plasma 
concentrations were noted after acute intravenous administration of 
sulfadimethoxine to sheep receiving a constant intravenous infusion of 
tolbutamide. These observations were consistent with displacement of 
tolbutamide from plasma and tissue binding sites and redistribution of 
the displaced tolbutamide into body water spaces. The steady state of 
both agents featured little change in the total plasma tolbutamide con- 
centration, a 150% increase in the unbound plasma tolbutamide con- 
centration, and an inhibition of tolbutamide oxidation by sulfadi- 
methoxine. A model is presented and mathematical relationships are 
derived that permit a quantitation of the interaction and that indicate 
that sulfadimethoxine's constant of metabolic inhibition ( K I )  for tol- 
butamide metabolism is 65 rg/ml. 


Keyphrases 0 Tolbutamide-interaction with sulfadimethoxine, kinetic 
analysis, sheep Sulfadimethoxine-interaction with tolbutamide, ki- 
netic analysis, sheep 0 Drug interactions-tolbutamide and sulfadi- 
methoxine, kinetic analysis, sheep 0 Interactions, drug-tolbutamide 
and sulfadimethoxine, kinetic analysis, sheep 0 Kinetics-analysis of 
tolbutamide-sulfadimethoxine interaction, sheep Antidiabetic 
agents-tolbutamide, interaction with sulfadimethoxine, kinetic analysis, 
sheep Antibacterials-suifadimethoxine, interaction with tolbutamide, 
kinetic analysis, sheep 


The coadministration of two or more drugs may produce 
ineffective therapy, exaggerated therapeutic responses, 
or even toxic responses. While numerous reports on such 
drug interactions have appeared in review articles (1-7) 
and books (8-101, they generally provide little more than 
a compilation of observed events. In one publication (ll), 
attempts were made to discuss and relate the molecular 
events underlying various drug interactions. 


The application of pharmacokinetic principles to the 
quantitation of drug-drug interactions has been limited 


but successful in the interpretation of the data. Kinetic 
analysis of the metabolic interaction of tolbutamide and 
sulfaphenazole explained observed clinical adverse effects 
and permitted a prediction of plasma levels of both agents 
when coadministered (12). Kinetic evaluation of the in- 
teraction between warfarin and phenylbutazone demon- 
strated the complexities that may be involved in metabolic 
interactions (13,14). By using a perfusion-limited phar- 
macokinetic model (15), it was possible to assess contri- 
butions of enzyme induction and increased hepatic blood 
flow in mixed enzymatic-hemodynamic drug interactions 
(16). 


Displacement of one drug by another from protein 
binding sites has frequently been suggested as the cause 
of an enhanced pharmacological response, but no reports 
exist quantitating the kinetics of these displacement in- 
teractions. The purpose of this investigation was to ex- 
amine critically the pharmacokinetic aspects of an inter- 
action between two agents, tolbutamide and sulfadi- 
methoxine, that exhibit a displacement phenomenon in 
uitro (17). This report, describing experiments with sheep, 
demonstrates the involved complexities and the ap- 
proaches that can be taken to quantitate drug interac- 
tions. 


EXPERIMENTAL 


Animal Preparation-Vascular catheters, 2.3-mm o.d.Tygon flexible 
tubing', were inserted into either the saphenous vein and the femoral 
artery or the jugular vein and the carotid artery of 40-50-kg sheep. Be- 
tween experiments, the catheters were kept patent by filling with heparin2 
and flushing with normal saline periodically. A foley 20 FR catheter3 was 


Type S-54-HL, Port Plastics Inc. 
Lipo-Hepin, 1000 unitdml, Riker. 


3 Bardex. 165V. 
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introduced into the bladder via its fundus after ventral midline ab- 
dominal incision. Both vascular and bladder catheters were externalized 
in a pocket attached to the side of the animal to permit ease of chronic 
sampling. 


The sheep diet consisted of alfalfa pellets and water. Throughout all 
studies, food and water were permitted ad libitum. 


Arterial blood samples were collected in heparinized or fluoridated 
Vacutainer tubes. Plasma was separated immediately by centrifugation 
and either used immediately for analysis or stored at  -4O for subsequent 
analysis. All urine samples were either analyzed immediately or stored 
in scintillation vials a t  -4' for subsequent analysis. 


Materials-All reagents were of analytical reagent grade. Solvents 
were generally redistilled prior to use. Tolbutamide4, lqC-tolbutamide5, 
hydro~ytolbutamide~, 3H-tolbutamide, and sulfadimethoxine6 were 
administered as sodium salt solutions, diluted with normal saline where 
appropriate. All solutions were filtered7 prior to intravenous adminis- 
trations. 


Analytical Methods-Tolbutamide, hydroxytolbutamide, and car- 
boxytolbutamide were determined in plasma, plasma water, or urine by 
the analytical method of Matin and Rowland (18). 


Sulfadimethoxine and its N4-conjugated metabolite were determined 
by the Bratton-Marshall method (19). 


Glucose was measuredg in plasma by the enzymatic glucose oxidase 
method (20). 


Nonesterified (free) fatty acids were determined using the method of 
Dole (21). 


Total plasma protein was measured, using automated equipmentlO, 
by the biuret procedure (22) or the Lowry et al. method (23). Plasma 
electrophoresis was performed on cellulose acetate". 


Plasma Protein Binding-All three methods were performed at  37O. 
Equilibrium dialysis was carried out for 6 hr using the dialyzing system12 
and the method of Weder et 01. (24). Krebs-Henseleit buffer, pH 7.4, was 
used as the dialyzing fluid. Ultra~entrifugation'~ was conducted at  55,000 
rpm for 24 hr, after which 0.5-1.0 ml of supernate was removed for 
analysis. Ultrafiltration was carried out using membrane cones"; cen- 
trifuging15 at  2000 rpm for 4 min provided a filtrate that was 10% of the 
initial plasma volume. 


Radioactivity Measurements-Radioactivity was quantitated in 
biological fluids by scintillation counting16 using the method of automatic 
external standardization and employing appropriate quench correction 
curves. 


RESULTS AND DISCUSSION 


Intravenous Tolbutamide Bolus-The intravenous bolus adminis- 
tration of tolbutamide in sheep served to determine its metabolic fate, 
characterize its disposition kinetics, and allow an appraisal of a phar- 
macological response, namely plasma glucose depression. In an experi- 
ment utilizing 3H-tolbutamide (2.0 pCi/mg), 67.8% of the dose (100 mg, 
2.9 X lo7 dpm) was recovered in urine collected for 9 hr. Of this recovered 
radioactivity, 86.5% could be removed by exhaustive extraction of acid- 
ified urine with 0.5% isoamyl alcohol in dichloromethane. By using the 
separation method of Matin and Rowland (18), all extracted radioactivity 
was accounted for as tolbutamide, carboxytolbutamide, and hydroxy- 
tolbutamide in a ratio of 2:989. In subsequent experiments using unla- 
beled tolbutamide, 66-80% of the administered dose could be accounted 
for as the cumulative urinary excretion of these three compounds. 


Since carboxytolbutamide represented only 10% of the detectable 
oxidation products excreted, it was included as part of the hydroxytol- 
butamide estimate in subsequent analyses of urine collected during the 
interaction studies. Sheep thus join rats, guinea pigs, rabbits, and humans 
as species that predominantly eliminate hydroxy- and carboxytolbu- 
tamide after tolbutamide administration (25-27). The tolbutamide ex- 
cretion product(s) unaccounted for remain uncharacterized. 


Orinase Diagnostic, The Upjohn Co. 
Farbwerke Hoechst AG, Germany. 
Hoffmann-La Roche Inc. 
Millipore filter, 0.45 fim, 13 mm, Millipore Corp. 
Compact infusion pump, Harvard Apparatus Co. 
Beckman glucose analyzer, Beckman Instruments. 


lo Technicon, two channel. 
I1 Beckman Instruments. 
l2 Dianorm, Inno Med, Switzerland. 
I3 L2-65B, Beckman Instruments. 
l4 Centriflo (CF50A), Amicon Corp. 
15 International model UV 


Packard Tri-Carb, Packard Instrument Co. 
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Figure 1-Plasma concentration and urinary excretion rate of tolbu- 
tamide ( I )  and plasma concentration of hydroxytolbutamide (IZ) after 
an intravenous tolbutamide bolus (865 mg). 


Plasma tolbutamide and hydroxytolbutamide levels and the excretion 
rate of tolbutamide after an intravenous bolus dose of tolbutamide (865 
mg) can be seen in Fig. 1. Tolbutamide is removed quickly from the sheep, 
and the data suggest that the disappearance of hydroxytolbutamide is 
rate limited by its formation. During some bolus experiments, a distri- 
bution phase was occasionally detected. When visible, however, its con- 
tribution was always less than 10% of the total area; therefore, less than 
10% of the dose was eliminated during the distribution phase. Accord- 
ingly, as a reasonable approximation, the elimination of tolbutamide was 
characterized as occurring from a single compartment. 


Repeated intravenous bolus administration of tolbutamide in a single 
sheep over 4 months provided half-lives, apparent volumes of distribu- 
tion, and total body clearances (&SO) of 3.6 (10.5) hr, 11.2 (11.0) liters, 
and 37.5 kk2.1) ml/min, respectively. Excluded from these valuesare the 
results of an experiment that yielded a prolonged half-life of 10.6 hr, a 
similar apparent volume of distribution (11.7 liters), and a reduced total 
body clearance (12.7 ml/min). These abnormal kinetic parameters 
coincided with an infection. The differences could not be explained by 
changes in total or fractional plasma protein content or by changes in the 
fraction of tolbutamide bound to plasma proteins. The infectious state 
apparently decreased the metabolic activity of the liver. 


The plasma glucose depression observed after an intravenous tolbu- 
tamide bolus (900 mg) can be seen in Fig. 2. A depression occurs shortly 
after administration, with a rapid return to baseline values within 2 hr. 
These observations made with sheep are similar to those reported for 
humans (28). 


2 4 6 
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Figure 2-Plasma glucose concentration in sheep after an intravenous 
toibutamide bolus (900 mg). 
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Figure 3-Interaction Study 1 of tolbutamide and sulfadimethoxine 
in sheep. Toibutamide ( I )  was giuen as a bolus (510 mg) followed by an 
infusion (95 mglhr), while sulfadimethoxine (IV) was administered for 
3 hr as an infusion (2 glhr). The resultant plasma concentrations of 
glucose (VI) ,  sulfadimethoxine (IV),  tolbutamide ( I ) ,  and unbound 
tolbutamide ( V )  and urinary excretion rates of hydroxytolbutamide 
( I I )  and tolbutamide ( I )  are displayed. 


Intravenous Hydroxytolbutamide Bolus-Hydroxytolbutamide 
is eliminated very rapidly from sheep. An intravenous bolus dose (250 
mg) in two sheep provided terminal plasma half-lives of 13.5 and 26 min, 
apparent volumes of distribution of 15.8 and 26.5 liters, axid total body 
clearances of 1.0 and 1.5 literdmin. These observations confirm the 
previous suggestion that the rate of removal of hydroxytolbutamide from 
the plasma after tolbutamide administration is rate limited by its for- 
mation (Fig. 1). The entire dose of hydroxytolbutamide was recovered 
in the urine, 90% as unchanged drug and the remainder as carboxytol- 
butamide. A 250-mg intravenous bolus dose failed to depress the plasma 
glucose level. Thus, hydroxytolbutamide appears to lack significant hy- 
poglycemic activity. 


Intravenous Sulfadimethoxine Bolus-Sulfadimethoxine exhibited 
biexponential kinetics, with the distribution and elimination phases 
having half-lives of 1 and 7.4 hr, respectively. The latter value is similar 
to a reported half-life of 8.4 hr in sheep (29). Further, the low total body 
clearance (31.8 ml/min) of sulfadimethoxine was similar to that noted 
for tolbutamide. However, a 4-g bolus dose failed to produce a significant 
hypoglycemic effect. 
In Vitro Plasma Protein Binding-When using ultracentrifugation, 


ultrafiltration, and equilibrium dialysis, tolbutamide (100 pg/ml) was 
bound 85.1,85.4, and 85.6%, respectively, to sheep plasma at 37'. In light 
of these similar results, ultrafiltration was used almost exclusively in 
subsequent in uiuo studies due to its short analysis time. While all ex- 
periments were conducted at 37', a change to 25O resulted in a maximal 
mean increase in binding of only 0.7% over the tolbutamide concentration 
range of 10-100 pglml of plasma. At  100,200,300, and 400 pg/ml, sulfa- 
dimethoxine was bound to the extent of 88.2,81.2,73.4, and 66.8%, re- 
spectively, in sheep plasma. 


Sulfadimethoxine displaces tolbutamide from binding sites in sheep 
plasma. A t  a tolbutamide concentration of 50 pg/ml, sulfadimethoxine 
concentrations of 100,200,300, and 400 pglml increased the unbound 
tolbutamide concentration by 52,102,128, and 150%, respectively. These 
observations confirmed the reported effectiveness of sulfadimethoxine 
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Figure 4-Flow diagram indicating the times of administration of 
toibutamide ( I ) ,  hydroxytolbutamide ( I I ) ,  and sulfadimethoxine (IV) 
in Interaction Study 2. All compounds were administered in the form 
of an intrauenous bolus ( b )  or infusion ( i ) .  


HOURS 


as a displacer of tolbutamide from plasma proteins (17) and made this 
sulfonamide a logical choice for the investigation of the kinetics of drug 
interactions involving displacement of drugs from protein binding 
sites. 
TolbutamideSulfadimethoxine Interaction Studies-Significant 


displacement of tolbutamide from plasma binding sites in uiuo was en- 
sured by producing the same plasma concentrations of tolbutamide and 
sulfadimethoxine in the sheep as were used in uitro. By utilizing the in- 
travenous bolus data, an infusion rate of tolbutamide was chosen to 
maintain its plasma concentration at approximately 50 pg/ml and a 
regimen of sulfadimethoxine was chosen to produce plasma concentra- 
tions up to 600 pg/ml. All interaction studies were conducted in a single 
animal. 


In the initial experiment (Interaction Study l), tolbutamide was ad- 
ministered as a bolus dose followed by a constant infusion for 14.5 hr. 
Sulfadimethoxine was coadministered for 3 hr by constant infusion. 
During its infusion, sulfadimethoxine caused a rise in the unbound con- 
centration and a drop in the total plasma tolbutamide concentration (Fig. 
3). These observations are in keeping with displacement of tolbutamide 
from plasma binding sites and redistribution of the unbound drug ex- 
travascularly. 


A t  the peak plasma sulfadimethoxine concentration, the unbound 
tolbutamide concentration increased maximally by 160% (from 12.3 to 
31.6 pg/ml). Thereafter, although the plasma sulfadimethoxine con- 
centration fell and the total tolbutamide concentration rose eventually 
to exceed the presulfonamide steady-state level, the unbound tolbuta- 
mide level remained virtually unchanged for the remainder of the ex- 
periment. Meanwhile, whereas the urinary excretion rate of hydroxy- 
tolbutamide fell and rose during and after the sulfadimethoxine infusion, 
the tolbutamide excretion rate remained elevated despite a decrease in 
the plasma1 sulfadimethoxine' concentration.. Immediately after the bolus 
of tolbutamide, plasma glucose levels fell sharply, but they returned to 
the control value within 2 hr. They fell, albeit more slowly, during sul- 
fadimethoxine administration, reaching a minimum which appeared 
coincident with the attainment of the maximal unbound plasma tolbu- 
tamide concentration. 


The interaction study was repeated to examine the kinetics of inter- 
actions under steady-state tolbutamide levels in the absence and presence 
of a steady-state plasma sulfadimethoxine concentration (Interaction 
Study 2). Figure 4 contains a flow diagram indicating all aspects of drug 
administration during this study. Generally, the results in Fig. 5 confirm 
the observations seen during Interaction Study 1. By earlier sampling 
after an initial sulfadimethoxine bolus (6 hr after initiating tolbutamide 
administfation), the early transient changes in unbound and total plasma 
tolbutamide concentrations were examined in greater detail. Again they 
reflected displacement from plasma proteins and rapid extravascular 
redistribution; similar events were noted in sheep (30) immediately fol- 
lowing the displacement of sulfadoxine from binding sites by phenyl- 
butazone. 


By the end of phase 2 (19 hr), both unbound and total tolbutamide 
levels appeared to approach steady state. By then, the unbound tolbu- 
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Figure 5-Interaction S tudy  2 of tolbutamide and sulfadimethoxine 
in sheep. Tolbutamide ( I )  was given as a bolus (565 mg) followed by a n  
infusion (95 mglhr) until  20 hr. Sulfadimethoxine ( I V )  was coadmin- 
istered as a bolus (3.2g) at 6 hr followed by an infusion (285 mglhr) until 
19 hr, after which an additional bolus (1.5 g )  was given followed by a new 
infusion rate (400 mglhr) until 28.5 hr. The  resultant plasma concen- 
trations of glucose (VZ), sulfadimethoxine (ZV), tolbutamide ( I ) ,  un- 
bound tolbutamide (V ) ,  and hydroxytolbutamide ( I I ) ,  as well as the  
urinary excretion rates of hydroxytolbutamide ( I I )  and tolbutamide 
(I), are exhibited. 


tamide level had increased twofold over the levels seen at the end of phase 
1, while total tolbutamide had returned to the preexisting level. An ad- 
ditional bolus and increased infusion rate a t  the outset of phase 3 pro- 
duced only minor changes in the total plasma tolbutamide concentration. 
The half-lives of 14C-tolbutamide and nonradioactive tolbutamide during 
phase 3 (Figs. 6 and 5, respectively) were both 5.2 hr. This value was 
longer than the half-life of 3.8 hr observed following a 900-mg intravenous 
bolus dose of tolbutamide 2 days prior to this interaction study and longer 
than the 14C-tolbutamide half-life (3.8 hr) observed during phase 2 of this 
study (Fig. 6). 


Plasma hydroxytolbutamide decreased noticeably after the adminis- 
tration of sulfadimethoxine and then gradually increased, approaching 
a new steady state a t  19 hr (Fig. 7). The urinary excretion rate of hy- 
droxytolbutamide decreased temporarily and then increased, while that 
of tolbutamide remained notably elevated during sulfadimethoxine 
coadministration. The pattern of changes in plasma glucose was analo- 
gous to that seen in Fig. 3; levels were depressed after the first bolus of 
tolbutamide and sulfadimethoxine, but each time the glucose level re- 
turned to the control value. 


Displacement of Tolbutamide by Sulfadimethoxine In Vivo-The 
magnitude of the initial changes and the subsequent levels of unbound 
tolbutamide as seen in Figs. 3 and 5 were greater than anticipated had 
only displacement from plasma protein sites occurred. By using a mean 
apparent volume of distribution of 11.2 liters (bolus data), a plasma 
volume of 1.8 liters, and 85% binding in plasma, it was calculated that only 
14% of the drug in the body is bound to plasma proteins. Even if all of this, 
plasma-bound drug had been displaced, to be redistributed throughout 
the rest of the body, it would fail to increase the unbound concentration 
to anything like the observed 110% within 1 hr following sulfadimethoxine 
administration. Therefore, sulfadimethoxine must also displace tolbu- 
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Figure 6-Total plasma radioactivity after intravenous administration 
of a pulse of  14C-tolbutamide (2.47 X los  d p m )  during Interaction S tudy  
2. 


tamide from an extensive extravascularly bound pool. The early main- 
tenance of these elevated levels of unbound tolbutamide suggests that 
the distribution space of the unbound drug may, in fact, be limited. A 
similar explanation was suggested by Jahnchen et al. (31) who reported 
no statistically significant increase in the apparent volume of distribution 
of dicumarol in the rat, despite extensive displacement of this antico- 
agulant by phenylbutazone. 


The unbound fraction of tolbutamide in plasma (a) depends on several 
factors, including the total plasma concentrations of the interacting drugs 
and binding protein(s), as well as the affinities of the binding species for 
the protein($. To examine the altered binding during the interact.ion 
study, not entirely accounted for by changes in the plasma concentrations 
of tolbutamide and sulfadimethoxine, the following test was performed. 
A comparison was made between the values of a determined in samples 
obtained during Interaction Study 2 with those determined in samples 
prepared by placing the same concentrations of tolbutamide and sulfa- 
dimethoxine into control plasma collected from the animal 2 hr prior to 
the study. 
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Figure 7-Total plasma radioactivity determined after intravenous 
administration of a pulse of 3H-hydroxytolbutamide (2.44 X lo7 d p m )  
before (0 )  and after (0) sulfadimethoxine administration during In-  
teraction S tudy  2. 


1066 / Journai of Pharmaceutical Sciences 







Table I-Evaluation of Nonesterified Fatty Acid (FFA) and Plasma Proteins in Sheep 1494 Prior or During Interaction Study 2 
(Ya Plasma Proteins, gll00 ml 


Hours Found Expected FFA, pg/ml Total Albumin q-Globulin a2-Globulin 0-Globulin y-Globulin 


Control-ab - - - 9.2 2.7 0.5 0.9 2.6 2.5 
1.7 Control-bc - - - 9.2 2.3 0.4 1.1 3.7 
- - - - - - 


- - 
- - 0.66 0 


- 0.51 2.0 0.18 
6.0 0.19 - 0.42 
7.0 0.43 0.39 0.33 - 
9.0 0.48 0.36 0.44 - 


- - - 9.2 2.1 0.4 1.0 2.4 2.1 


- - 0.52 - 


- - - - 
- - - - - - 


- - - - - 
- - - - - 


- 
13.0 
14.0 0.47 0.34 
18.5 


a Unbound tolbutamide fraction in plasma. * Sample from the infectious state during which time the tolbutamide kinetics were altered. 


- - - - - - 
- - - - - 


Sample from the animal 2 
months prior to Interaction Study 2. 
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As seen in Fig. 8, major differences in the value of (Y between the paired 
samples were noted throughout most of the interaction study. Mea- 
surement of 9-, 11-, and 14-hr samples also showed a similar elevation 
in the a values for sulfadimethoxine. The possibility that decreases in 
plasma proteins [e.g., albumin (32-34)] or changes in free fatty acids (35, 
36) during the interaction study might have caused the exaggerated un- 
bound fraction was excluded. No significant differences were noted be- 
tween samples obtained during the study and control samples prior to 
the study (Table I). The possibility of additional displacement caused 
by the excessive accumulation of a highly bound N4-conjugated sulfa- 
dimethoxine metabolite (37) also was excluded. No significant increase 
was noted in the samples between the free and total sulfonamides. The 
question of the differences remains unresolved. 


Tolbutamide Binding and Tolbutamide Renal Clearance-By 
using total and unbound plasma tolbutamide concentrations, along with 
the urinary data of Interaction Study 2, the renal clearance of tolbutamide 
was evaluated. Comparing the data a t  the end of phases 1 and 2 resulted 
in renal clearances, based upon total plasma tolbutamide concentrations, 
of 3.0 and 7.6 mllmin, respectively; the renal clearances based upon un- 
bound tolbutamide levels were 16.2 and 16.5 mllmin, respectively. The 
similarities of the latter values suggested that the unbound plasma tol- 
butamide concentration dictated the urinary excretion rate. 


Regression analysis on all data of Interaction Study 2 was performed 
to evaluate the correlation between the rate of urinary tolbutamide ex- 
cretion and either the total or unbound tolbutamide concentration. As 
seen in Fig. 9, the correlation coefficient using the unbound data ( r  = 0.90) 
was higher than when total tolbutamide levels were used ( r  = 0.59). 
Unfortunately, the unbound tolbutamide data were primarily clustered 
at two points so the results in Fig. 9 are not conclusive. Nevertheless, the 
preceding results suggest that a linear relationship exists between the 
urinary excretion rate of tolbutamide and the unbound plasma tolbuta- 
mide concentration. These experiments point out the usefulness of drug 
interactions in perturbing the normal disposition of an agent in order to 
evaluate its mode of elimination kinetically. 


Hydroxytolbutamide Renal Clearance-The hydroxytolbutamide 
urinary excretion results observed in Interaction Study 1 (Fig. 3) sug- 
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Figure 8-Comparison of the unbound plasma tolbutamide fraction 
observed in Interaction Study 2, Fig. 5 (O) ,  with the fraction anticipated 
(0) based upon in vitro displacement experiments using the same total 
plasma tolbutamide and sulfadimethoxine concentrations. 


gested that sulfadimethoxine possibly reduced the renal clearance of 
hydroxytolbutamide. This potential interaction was investigated in a 
separate experiment. The results did not show any significant effect by 
sulfadimethoxine on the renal clearance of hydroxytolbutamide (738 
ml/min) (Fig. lo), and this finding was confirmed in Interaction Study 
2. A pulse of 3H-hydroxytolbutamide (5.5 mg, 2.44 X lo7 dpm) was ad- 
ministered in the absence (4 hr) and presence (12 hr) of sulfadimethoxine, 
and the plasma was monitored for radioactivity. No significant change 
was found in the disposition of the radioactivity (Fig. 7). Since hy- 
droxytolbutamide is cleared almost exclusively by renal excretion, these 
foregoing investigations indicate that any changes in its urinary excretion 
rate during the tolbutamide-sulfadimethoxine interaction must have 
been due to changes in its formation. 


Inhibition of Tolbutamide Oxidation-The total plasma clearance 
of tolbutamide is much lower than the combined flow to the two organs, 
liver and kidney, responsible for tolbutamide elimination. It is anticipated 
that the elimination rate of drugs like tolbutamide, which are poorly 
extracted by the eliminating organs, is dependent on its unbound plasma 
concentration (35,381. Certainly the dependence of the renal clearance 
of tolbutamide on 01 supports this hypothesis. If this hypothesis is ex- 
tended to the metabolism of tolbutamide, the sustained elevation of 
unbound plasma tolbutamide and changes in its total plasma concen- 
tration favor a mechanism whereby sulfadimethoxine not only displaces 
tolbutamide from binding sites but also inhibits its metabolism. Scheme 
I is the simplest model consistent with the observations. Sulfadi- 
methoxine is depicted as displacing tolbutamide from plasma and tissue 
binding sites and inhibiting tolbutamide’s elimination by nonrenal 
(metabolic) routes. The basis for these conclusions follows. 


In cases where the elimination rate of a drug is proportional to its un- 
bound concentration (Cu) ,  the steady-state unbound concentration 
(Cu,,) depends only on the infusion rate (Ro) and the clearance based 
upon the unbound drug (CLu) (35): 


RO cuss = - 
CLU 


UNBOUND 


I 


(Eq. 1) 


0 


0 0 


/ 
20 40 


PLASMA CONCENTRATION, fig/ml 


Figure 9-Regression analysis of the rate of urinary excretion of tol- 
butamide on the total (0) and unbound (0 )  plasma tolbutarnide ( I )  
concentrations from Interaction Study 2. Correlation coefficients are 
0.59 (0.025 < p < 0.050) and 0.90 (p < 0.005), respectiuely. 
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Figure 10-Znteraction of hydroxytolbutamide and sulfadimethoxine 
in sheep. Hydroxytolbutamide (ZZ) was administered as an  infusion (155 
mglhr) for 5 hr while sulfadimethoxine ( IV)  was coadministered f rom 
2 to  5 hr  as a n  infusion (2glhr).  The  resultant plasma concentrations 
of sulfadimethoxine (ZV) and hydroxytolbutamide (Zl), as well as the 
urinary excretion rate o f  hydroxytolbutamide (II), are displayed. 


By definition, CLu is related to the clearance based on the total plasma 
concentration ( C L )  by: 


CL = aCLu (Eq. 2) 


Thus, CLu, a measure of the inherent ability of an organ to clear a drug, 
may be regarded as the clearance when all drug has been displaced ( a  = 


Table 11-Evaluation of Tolbutamide Kinetics in Sheer, 1494 


1). According to Eq. 1, ifa compound ads only as a displacer ( a  increases), 
the steady-state unbound concentration of the displaced drug, being 
independent of a, remains unchanged. But, in the presence of sulfadi- 
methoxine, the Cu,. of tolbutamide rose (Fig. 5). As the infusion rate was 
fixed, CLu must, therefore, have decreased, with the cause being pri- 
marily the inhibition of tolbutamide metabolism. 


The kinetics of competitive inhibition for a single metabolic step were 
described by Gillette (36): 


0%. 3)  rate of metabolism = vmax [SI 
[S] + K m ( l  + [ I ] / K I )  


where V,,, is the maximal velocity of the reaction, K ,  is the Michae- 
liiMenten constant, [S] is the substrate concentration, [I] is the inhibitor 
concentration, and KI is the concentration of inhibitor required to reduce 
the apparent K ,  by 50%. For a compound eliminated by various routes, 
the rate of metabolism may alternatively be described in terms of its 
metabolic clearance (CLm)  and when [S]  << K,: 


CLm [S]  
1 + [IIIKI 


rate of metabolism = (Eq. 4) 


This relationship, however, suggests that the metabolism rat.e is pro- 
portional to the total plasma concentration. From Eqs. 1 and 4, a general 
relationship is derived for the steady-state unbound plasma concentration 
of an agent during inhibition whose CLu takes place via a single metabolic 
step: 


By denoting Cuss1 and Cuss2 as the unbound steady-state concentration 
in the absence and presence of an inhibitor, respectively, Eq. 6 
applies: 


Cuds2 = CU,'(~ + [Z]/K[) (Eq. 6) 


When a compound is eliminated by various routes, the metabolic 
clearance based on unbound drug in the presence of inhibitor (CLu,m2) 
can be predicted from the metabolic clearance in the absence of inhibitor 
(CLu,ml) and the degree of inhibition: 


CLu,m' 
1 + [1]1K1 CLu,m2 = (Eq. 7 )  


Rearranging Eq. 7 yields an analytical solution for KI:  


Source Parameter Formula Value 


CL, ml/min 


a - 0.18" 
CLu, ml/min CLIa 208 
t 112, hr 
vd, liters (1.44cL) (t 112) 11.2 


I 


37.5 dose lntravenous cold tolbutamide bolus data (means) s," CP dt 


3.6 - 


Value 


Interaction Study 2 


Phase 1 Phase 2 Phase 3 - 
Cold Cold *4c Cold 14c 


CL, ml/min RolCt,, 40.7 38.7 4Lib 32.4c 34d 


72.c - CLu, ml/min ROICu, 214 86 - 
0.45" - a cus,/c tss 0.19 0.45 - 


t 112, hr - - (3.8) 3.8 5.2 5.2 
v d ,  liters (1.44CL)I(.t1/2) - (12.7) 14.8 14.6 15.3 


~~ 


I19 
a 50 pg of tolbutamide/ml ( in uitro determination). b Formula: dose /[ s1, C, dt  + ( C, 19$K)']. c Assumed or predicted values. Formula: 


- 
K3 


where K2 and K3 are the first-order rate constants for elimination during phases 2 and 3, respectively. 
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Table 111-Results Found and Parameters Calculated from the 
Data of Interaction Study 2. 


Phase Phase 
Parameter Formula 1 2 Phase 3 


CLu, ml/min 


CLu,r, ml/min 


CLu,m, ml/ 
min 


1; ;$:i 
a 
v d ,  liters 
t 112 obs., hr 
t 112 calc., hr 


ATe 
At 


CLu - CLu,r 
or Eq. 7 


214 
16 


198 
- 
- 
0.19 
- 
- 
- 


~ 


86 


17 
70 


120 
65 
0.45 
13.8 
3.8 - 


17 + 55 = 72b 


lTb 
55 * 
168 
65 
0.45 
15.0 
5.2 
4.9 


a See text for explanation of abbreviations and equations. kssumed or predicted 
values. 


The elimination kinetics of tolbutamide can be characterized as oc- 
curring from a single compartment. Although the half-life in the presence 
of the displacer-inhibitor ( t1 /22)  is a function of the half-life in the absence 
of inhibitor (t1/z1), it also depends on the changes in overall clearance 
based upon the unbound drug, the apparent volumes of distribution ( v d ) ,  
and the fractions of the compound in the unbound form according to: 


(Eq. 9) 


The superscripts 1 and 2 denote the situation in the absence and presence, 
respectively, of the displacer-inhibitor. Alternatively, they denote the 
situation at two levels of the displacer-inhibitor. 


In Interaction Study 2, following the simplest model (Scheme I), the 
metabolic clearance based on unbound drug (CLu,m) was estimated by 
subtracting the renal clearance based on unbound drug (CLu,r), obtained 
by dividing the steady-state rate of renal tolbutamide excretion by its 
steady-state unbound plasma concentration, from the CLu, estimated 
from Eq. 1. The clearance associated with the oxidation of tolbutamide 
to hydroxytolbutamide, based on unbound drug, was estimated by di- 
viding the steady-state hydroxytolbutamide excretion rate by the 
steady-state unbound plasma tolbutamide concentration. 


Three phases were present in Interaction Study 2 (Figs. 4 and 5). A 
quantitative explanation for the tolbutamide-sulfadimethoxine inter- 
action might be possible by accounting for tolbutamide’s half-life during 
phase 3. The results of Figs. 5 and 6 revealed a prolongation in the half-life 
from 3.8 hr in phase 2 to 5.2 hr in phase 3. Table 11 summarizes the tol- 
butamide kinetics observed in Sheep 1494 during three nonradioactive 
(cold) tolbutamide intravenous bolus experiments and during Interaction 
Study 2. There is close agreement between the bolus results and those 
observed during phase 1 of Interaction Study 2. The transition from phase 
1 to phases 2 and 3 was notably marked by a large reduction in the overall 
inherent clearance (CLu). The cold and 14C-tolbutamide results of phases 
2 and 3 are in agreement, providing mean total body clearances (CL),  
half-lives, and apparent volumes of distribution of 41.9 ml/min, 3.8 hr, 
and 13.8 liters, respectively, during phase 2 and of 33.2 ml/min, 5.2 hr, 
and 15.0 liters, respectively, during phase 3. 


Table I11 summarizes the calculations made with the model depicted 
in Scheme I. From the data in phases 1 and 2, the KI for sulfadimethoxine 
was calculated to be 65 pg/ml. Substituting this value of KI and other data 
into the appropriate equations yielded a predicted ha-life of tolbutamide 
in phase 3 of 4.9 hr. The close proximity between the predicted and ob- 
served half-life (5.2 hr) tends to favor the proposed interaction model. 
The data permitted the investigation of certain modifications in the 
proposed displacement-inhibition model. Inhibition by sulfadimethoxine 
at  point a (Scheme I) or b and c independently failed to predict tolbu- 
tamide’s half-life in phase 3 as well as that for the model evaluated. 
Consideration was also given to a model in which the renal clearance of 
tolbutamide was dictated by the unbound plasma concentration while 
the metabolic clearance was linearly related to tolbutamide’s tohl plasma 
concentration. This model, however, failed to predict any change in tol- 
butamide’s half-life in phase 3. 


Tolbutamide Binding and Glucose Depression-The influence of 
the unbound tolbutamide concentration on glucose depression remains 
somewhat speculative. In uitro studies with pancreatic @-cells demon- 
strated a decreased islet uptake of tolbutamide in the presence of albumin 
(39). A sudden increase in unbound tolbutamide in uiuo might, therefore, 
evoke an increased insulin release, resulting in a depression of plasma 


PLASMA TISSUES 


B 
0 
D 
Y 


- -  


& & L A & $  
N 
E 


Scheme I-Sulfadimethoxine ( IV)  is depicted as altering the bound 
( B )  to unbound ( U )  ratio of tolbutamide ( I )  in plasma and tissues. 
Further, it inhibits the metabolism of tolbutamide (at b )  to hydroxy- 
tolbutamide (11) and an unknown metabolic product ( X ) .  A small 
portion of hydroxytolbutamide is oxidized to carboxytolbutamide 


( I I I ) .  


glucose. Indeed, the results of the interaction studies suggest such a 
possibility. 


Insulin release may involve occupancy of tolbutamide on the mem- 
brane of the D-cell(39) followed by release of part of the insulin in the 
labile pool (38). Maximum insulin release might follow the attainment 
of maximum unbound tolbutamide concentrations, leading to maximum 
glucose depression. After attainment of maximal unbound levels (max- 
imum &cell binding), no further stimulus for insulin release would exist. 
This hypothesis could explain the transient insulin release and glucose 
depression observed after an intravenous tolbutamide bolus (28). 


SUMMARY 


The results of the coadministration of sulfadimethoxine and tolbuta- 
mide in the sheep point to an interaction not only involving displacement 
of tolbutamide from proteins, which increases its renal clearance, but also 
inhibition of its metabolism. This explanation accounts for the changes 
in the total and unbound plasma tolbutamide concentrations and ade- 
quately predicts tolbutamide’s half-life during phase 3 in Interaction 
Study 2. The observation of a simultaneous displacement-inhibition 
phenomenon in the interaction between tolbutamide and sulfadi- 
methoxine is similar to that reported for the interaction between phe- 
nylbutazone and warfarin in humans (14). 


This report illustrates some of the complexities of drug-drug inter- 
actions. Although gross changes in total plasma drug concentrations 
during the coadministration of highly plasma protein-bound agents may 
be absent, their absence may be due to compensative reactions. Consid- 
erable coincidental changes in unbound plasma drug concentrations may 
occur, however, and may provoke exaggerated therapeutic responses 
during chronic drug coadministration. 


This report also presents a steady-state approach for investigating 
mechanisms of drug interactions and demonstrates that the coadminis- 
tration of agents may permit investigators to scrutinize mechanisms of 
drug disposition. Knowledge thus obtained will help to evaluate and 
predict rationally the clinical significance of drug-drug interactions in 
humans. 
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Abstract 0 The enteric film coating of placebo tablets, using a meth- 
acrylic acid-methyl methacrylate copolymer as the film former in the 
coating solution, was studied by statistical techniques. The effects of four 
independent formulation and process variables on the disintegration time 
of the coated film in simulated intestinal fluid and on the resistance to 
disintegration of the coated film in simulated gastric fluid were studied. 
The results of a statistically designed set of experiments were used as the 
input data. Regression analysis of these data resulted in two first-order 
polynomial equations. The linear model obtained for the disintegration 
time of the coating in the simulated intestinal fluid was analyzed by the 
steepest descent method to determine the most suitable combination of 
the independent variables. 


Keyphrases 0 Tablets-enteric film coating with methacrylic acid- 
methyl methacrylate copolymer, disintegration time, mathematical model 


Film coating, enteric-with methacrylic acid-methyl methacrylate 
copolymer, tablet disintegration time, mathematical model 0 Models, 
mathematical-disintegration time of tablets with enteric film coating 
of methacrylic acid-methyl methacrylate copolymer IJ Disintegration 
time-tablets with enteric film coating of methacrylic acid-methyl 
methacrylate copolymer, mathematical model 0 Methacrylic acid- 
methyl methacrylate copolymer-enteric film coating of tablets, disin- 
tegration time, mathematical model 0 Dosage forms-tablets with en- 
teric film coating of methacrylic acid-methyl methacrylate copolymer, 
disintegration time, mathematical model 


Much research in pharmaceutics has concerned the re- 
lationship between the controllable formulation and pro- 
cess (independent) variables and the characteristics of the 


resultant system (response). An empirical relationship can 
be developed with data from statistically designed ex- 
periments. The relationship between the independent 
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401 h 
plicable to the study of other drug entities in biological fluids where very 
low detection levels are required along with precise specificity. However, 
for such determinations, the stable isotopic form of the drug is need- 
ed. 


I I 


O’ b 1:o 2.b 3.b 4:o 12.0 24.0 
HOURS 


Figure 2-Average plasma levels of I (Ag-THC) for 11 marijuana 
smokers (not corrected for contribution of I-dd and 10 nonsmokers. The 
solid horizontal line represents the average plasma level of I found in 
nonusers and is due t o  the impurity present in the internal standard, 
whereas the 99% confidence limits for this value are represented by the 
horizontal dotted lines. The vertical lines at  each data point represent 
the lower half of the confidence limits for those 11 determinations made 
in the marijuana smokers a t  the appropriate time interual. 


99% confidence limits of I found as a contaminant in the internal stan- 
dard. 


Figure 2 is a plot of the average uncorrected plasma I levels of 11 male 
volunteers who smoked one marijuana cigarette of known I content. The 
maximum blood I level occurred at  0.25 hr. Also the I level in the control 
or 0-hr sample was positive. This fact can be explained on the basis of the 
type of subject used in the marijuana smoking studies. All subjects were 
moderate marijuana users. Each was confined 12 hr prior to smoking and 
was asked not to smoke marijuana for 2 days prior to the study. The an- 
alytical data obtained on the plasma of each subject indicated that only 
five individuals conformed to the established protocol. 


The 99% confidence levels, as determined by the Student distribution 
(t-value) method, are shown by the vertical bars at  each data point. The 
horizontal lines represent the average value (dark line) for 10 nonsmokers 
of marijuana as well as the 99% confidence limits (dotted lines). Wherever 
the confidence limits for data from both marijuana smokers and non- 
smokers coalesce, a time period exists where marijuana use could not he 
assigned with 99% confidence. Thus, for up to 1 hr after marijuana 
smoking, the levels of I are clearly determinable and marijuana use can 
be assigned with 99% confidence using the present assay method. 


The HPLC-mass spectrometric methodology described would be ap- 
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Radioimmunoassay of Minoxidil in Human Serum 


MAX E. ROYER”, HOWARD KO, TERRY J. GILBERTSON, 
JOHN M. McCALL, KAREN T. JOHNSTON, and RONALD STRYD 


Abstract A simple, sensitive, and specific radioimmunoassay for de- 
termining minoxidil was developed. Antiserums to two minoxidil haptens 
were compared for cross-reactivity and assay levels on human serums. 
One antiserum had little cross-reactivity with minoxidil metabolites. The 
radioimmunoassay is specific for determining minoxidil directly in serum 
without extraction. Human serum minoxidil levels were determined from 
a single oral dose. 
Keyphrases Minoxidil-radioimmunoassay, human serum Ra- 
dioimmunoassay-minoxidil in human serum 0 Antihypertensives- 
minoxidil, radioimmunoassay in human serum 


Minoxidil(2,4-diamino-6-piperidinopyrimidine 3-oxide) 
(I) is a potent hypotensive agent useful in the treatment 
of severe hypertension (1,2). A sensitive assay was needed 


for determining serum I levels. Attempts with a GLC 
procedure indicated that sizable amounts of the several 
derivatives tried were lost on the column. High-pressure 
liquid chromatography (HPLC) would have adequate 
sensitivity for only the higher serum concentrations en- 
countered at  normal dosage levels of I. Chromatographic 
methods for I in serum also require extraction and a pre- 
liminary chromatographic cleanup step. Such procedures 
are tedious and time consuming. Radioimmunoassay, 
however, permits analysis of many samples without ex- 
traction and with adequate sensitivity. 


Antiserums were developed in rabbits against two bo- 
vine serum albumin conjugates of the N-4-glutaryl(II) and 
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Table I-Specificity of  Antiserum to Bovine Serum Albumin Conjugates of Compounds I1 and I11 R, NH 


Cross-Reactivitya, % 


Compound  Rl R2 R3 R4 Anti-I1 Anti-I11 


I H 


I1 H 
I11 H 


I V  H 


V CH,C( -0) 


VI H 


VII - b  


0 H 100 100 


144 2.3 
<0.1 760 


0 0 
II I1 


0 C(CH,),COH 
0 H N ~ ( c H : ) : , C N H  


144 2.3 
<0.1 760 


0 0 
II I1 


0 C(CH,),COH 
0 H N ~ ( c H : ) : , C N H  


0 


0 


H 
0 


CH3+ 
I t  


H - 


-b  - b  


N 3  OH - 
0.7 28 


5.1 <0.1 


<0.1 <0.1 


1 .4  1.3 


VIII H 0 H N(CH,),COH <0.1 0.4 
I I  
0 


QDefined as: (100 X concentration of I at 50% bindingilconcentration of compound tested at  50% binding. b Position of thc glucuronic acid attach- 
ment not established. 


dipiperidine (111) derivatives of minoxidil (Table I). These 
antiserums were compared for specificity, and one was 
chosen for further development of the radioimmunoas- 
say. 


EXPERIMENTAL 


Synthesis of I1 and Conjugation to  Bovine Serum Albumin-Two 
grams of I4C-minoxidil and 1.09 g of glutaric anhydride were refluxed for 
2 hr in 150 ml of dry acetone. The residue was filtered and washed to give 
2.8 g of 11. TLC in methanol-benzene-ammonium hydroxide (100:1001) 
indicated one component. The NMR shift of the proton a t  the 5-position 
and X-ray crystallography of the methyl ester of I1 indicated a single 
substitution on the amino group a t  the 4-position. 


Anal.-Calc. for C14H21N504: C, 53.40; H, 6.87; N, 20.76. Found: C, 
53.51; H, 6.96; N, 21.07. 


Compound 11,165 mg, and 300 mg of bovine serum albumin were dis- 
solved in 10 ml of 50?? pyridine (3). Over 15 min, 193 mg of l-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide hydrochloride was added slowly; 
the mixture was then stirred for 16 hr. After dialysis and freeze drying, 
383 mg of material was recovered. 


A portion of the conjugate was washed exhaustively with acetone fol- 
lowed by chloroform to remove any undialyzed 11. The amount of 14C-II 
remaining on bovine serum albumin indicated that approximately 29 
moles of II/mole of bovine serum albumin was covalently linked. 


Preparat ion of I11 and  Conjugation of Bovine Se rum Albumin 
and I l l  t o  Agarose Gel Support-A solution of 3.0 g of 2,4-diamino- 
6-chloropyrimidine %oxide in 11.15 g of 4,4’-trimethylenedipiperidine 
was heated a t  80’ and then stirred with aqueous sodium bicarbonate. The 
product (111) was dissolved in methanol and precipitated by addition of 
acetonitrile. 


Compound 111 was attached to a modified agarose gel’ which, in turn, 
was conjugated to bovine serum albumin analogous to the preparation 
of solid phase immunogens described by Trump (4). A slurry of 430 mg 
of modified agarose gel and 360 mg of bovine serum albumin in 20 ml of 
water was stirred for 3 hr. A solution of 430 mg of I11 in 20 ml of dimeth- 
ylformamide was added. After 3 hr, 50 mg of sodium bicarbonate was 
added. After 12 hr, the conjugate was filtered and washed. The material 
was stored as a wet slurry. 


Immunization and Antiserum Production-The conjugate of I1 (8 


1 Affi-Gel 10, Bio-Rad Laboratories, Richmond, Calif 


mg), 4 ml of 0.9% saline, and 4 ml of Freund’s complete adjuvant2 were 
emulsified in a blender3. A total of 1 ml was injected intradermally at  
multiple sites in the back and flanks of each of six New Zealand White 
rabbits. The rabbits were challenged again a t  4 months with a similar 
injection except that  Freund’s incomplete adjuvant was used2. Only one 
rabbit gave significant antibody titer. Of the eight bleedings during 289 
days after the first injection, the bleeding at  Day 129 had the highest titer 
and was used for the radioimmunoassay. 


Blood was collected by cutting the ear vein and applying gentle suction. 
The blood was allowed to clot 1-2 hr at room temperature and then was 
centrifuged. The serum was divided into aliquots and stored a t  -7OO. 


The immunization and bleeding schedules were carried out in a similar 
manner for the antiserum to the conjugate of 111. 


Assay Reagents-Buffer A-One hundred and ninety-two grams of 
tris(hydroxymethyl)aminomethane, 1 g of thimerosa14, and 1 liter of 1.0 
N HC1 were diluted to make 10 liters of pH 7.8 (0.1 p )  buffer. 


Buffer R-Human serum albumin4 (0.1%) was added to Buffer A. 
Counting Solution-Five hundred milliliters of nonionic detergent5, 


170 ml of scintillator fluid6, and 3.79 liters of toluene (analytical reagent) 
were mixed. 


Primary Antibody-Rabbit antiserum was diluted 1:lOO. 
Secondary Antibody-Goat antirabbit antibody was diluted to give 


Label-3’,4‘,5’(n)-3H-Minoxidil, 25.6 Ci/mmole (5), approximately 


Standards-Minoxidil was diluted in Buffer B. 
Assay Procedure-Buffer B (for unknown samples) and pretreatment 


serum (for standards) were added to separate 12 X 75-mm glass culture 
tubes7 with a 50-pl pipet*. The unknown sample or standard, 50 pl, and 
label, 500 pl,  were added with an automatic pipetg, and the tubes were 
incubated 1-2 hr at  25”. A normal standard curve consisted of duplicate 
standards with concentrations of 1,2,4,8,16,32,64, and 128 ng/ml. Four 
blanks (Bo) with no unlabeled drug and two infinity samples (>30,000 
ng/ml) were also run. Approximately 75% of the label was bound a t  Ro. 
When the expected concentration of I was high, only 10 pl of the unknown 
was sampled and 40 pl of pretreatment serum was added to give a fivefold 


maximal precipitation of the primary antibody (1:8). 


13,000 dpm/ml in Buffer B, was the label. 


Difco Laboratories, Detroit, Mich. 
Sorvall, Ivan Sorvall, Inc., Newton, Conn. 


‘Sigma Chemical Co., St. Louis, Ma. 
BioSolv, Beckman Instruments, Fullerton, Calif. 
Liquifluor, New England Nuclear, Boston, Mass. 
Dispo, Scientific Products, McCaw Park, Ill. 
Eppendorf, Brinkmann Instrument Co., Westbury, N.Y. 
Model 25004, Micromedic Systems Inc.. Philadelphia, Pa. 
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Table 11-Recovery and Within-Day and Between-Day 
Coefficients of Variation (CV) (n = 66) 


Actual Amount cv, % 


ng/ml ng/ml (SEMI,  % Day Day 
Amount, Found, Recovery Within Between 


260 h 
8 7.12 89.0 f 0.8 5.4 5.7 


64 64.76 101.2 f 1.1 6.5 6.5 
256 253.68 99.1 f 0.9 7.0 3.4 


dilution. Primary antibody, 200 pl, was added to each tube, and the tubes 
were incubated 16-24 hr a t  25O; then 200 pl of secondary antibody was 
added, and the tubes were incubated 40-72 hr at 5O. 


The tubes were centrifuged at  lOOOXg for 30 min a t  5', and the su- 
pernate was immediately poured into counting vialslO. The tubes were 
left to drain a t  an angle in the counting vials for about 30 min and then 
were discarded (6). Counting solution (15 ml) was added, and the samples 
were counted on a liquid scintillation counter" for 10,000 counts or 10 
min. The counts of samples that may have contained quenching materials 
(e.g., hemoglobin) and that had changes in counting efficiencies greater 
than f0.5% from the median efficiency were corrected for counting ef- 
ficiency by the external standard method. 


The results were calculated by computer12 using the Rodbard and 
Lewald (7) program. Six control samples also were run as unknowns a t  
8,64, and 256 ng/ml. Since 256 ng/ml is outside the normal standard curve 
range, 40 pl of Buffer B was added to the tubes and only 10 pl was sampled 
(5X dilution). 


The cross-reactivity of the antiserums was determined from plots of 
the standard curves measured for each compound tested. Serum, 50 111, 
was added to each standard tube to approximate the conditions normally 
found in the assay. 


RESULTS AND DISCUSSION 


The following general considerations were followed in the radioim- 
munoassay development: ( a )  the antibodies should not cross-react sig- 
nificantly with known metabolites; ( b )  the assay should require a mini- 
mum of sample preparation; ( c )  where possible, precision and accuracy 
should be emphasized rather than sensitivity and speed; and ( d )  the assay 
should be generally applicable to measuring I in serum a t  many dosage 
levels. 


Specificity-The major urinary metabolites of I are the glucuronide 
(VII) in humans and the 4'-hydroxy metabolite (IV) in dogs (8-10). The 
reduced analog (VI) and carboxy derivative (VIII) are also known me- 
tabolites of I. The cross-reactivities of these metabolites and several other 
I derivatives with antiserums to both I1 and I11 are shown in Table I. Both 
antiserums had the same titer and had adequate specificity against all 
known metabolites, with the exception of the 28% cross-reactivity of IV 
using the antiserum against 111. 


Since this might be a source of error in assaying for I in dog serum, the 
antiserum against I1 was selected for further assay development. At time 
points (2-4 hr after oral administration) a t  which metabolites in human 
serum would likely be observed, the apparent concentrations of I mea- 
sured by the two antiserums (I1 and 111) were not significantly different 
( p  > 0.05). Either antiserum should have adequate specificity to  deter- 
mine I in human serum. 


Factors Affecting Accuracy-If 50 pl of buffer were substituted for 
serum in the standards, a positive bias of about 2-11% would result. Be- 
cause little was known about the subject-to-subject variation in protein 
binding and its effect on the radioimmunoassay, 50 j11 of a subject's own 
pretreatment serum was added to each standard tube. A separate stan- 
dard curve was run before and after each set of unknowns. This procedure 
ensured that the standards and samples contained as nearly as possible 
the same constituents and that systematic errors in pipetting or equili- 
brating during an assay averaged out. 


The long equilibration times a t  each step ensured equilibrium condi- 
tions at  each stage of the assay (11). Although shorter equilibration times 
may be permissible, the long equilibration times do not seriously affect 
the number of samples that can be run over a long period. 


No binding loss of I to glass was observed after 10 sequential transfers 
from tube to tube. To ensure that I remained in solution, 0.1% human 
serum albumin was used as diluent for the label and standard solutions 


10 Packard Instrument Co., Downers Grove, Ill. 
11 Packard Tri-Carb model 3375. 


IBM 370/155 computer. 


HOURS AFTER ORAL DOSE 


Figure 1-Serum minoridil levels after a single oral dose. Key: 0,  Pa- 
tient A, 10 mg; ., Patient P, 20 mg; and A, Patient J ,  30 mg. 


(11). Serum that contained significant amounts of hemoglobin gave low 
counts due to quenching. Corrections were made only if the counting 
efficiency was changed by more than 10.5% from the median value of the 
subject's samples. 


Assay Statistics-The mean limit of detection, as determined by the 
Rodbard and Lewald (7) program, for 18 standard curves was 3.02 f 1.52 
ng/ml (SDj. With a primary antibody dilution of only 1:100, the assay 
as run was not set up for maximal sensitivity. The detection limit would 
be much lower if the primary antibody was further diluted and/or larger 
sample volumes were taken. 


The recovery and the within-day and between-day coefficients of 
variation are shown in Table 11. At 8 and 64 ng/ml, the percentage of label 
bound relative to that for Bo was approximately 80 and 20%, respec- 
tively. 


Human Serum Minoxidil Levels-Levels of 14C-minoxidil and its 
metabolites previously were determined in human, dog, and monkey 
serum (8, 9). The radioimmunoassay offers a convenient means of de- 
termining I in human serum without administering radioactive I to the 
patient and without requiring subsequent chromatography of the me- 
tabolites. 


Three volunteer patients with hypertension that was not controlled 
by other drugs were given single oral doses of I. Their serum levels of I 
are shown in Fig. 1. For 20 patients receiving a single dose of 5-100 mg, 
the peak serum levels were reached at 0.6 & 0.5 hr (mean f S D )  and the 
mean ( fSD)  half-life was 1.4 & 0.9 hr as determined by the radioimmu- 
noassay. 


Therefore, the radioimmunoassay for I has ( a )  adequate specificity 
for measuring serum I levels in the presence of other metabolites, ( b  j no 
requirement for extraction or extensive sample preparation (some dilu- 
tion may be necessary a t  high levels), ( c )  adequate precision and accuracy 
for comparing serum levels and determining serum half-life, and ( d )  
sufficient sensitivity and applicability to large numbers of samples. 
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Evaluation and Optimal Combination of TLC Systems for 
Qualitative Identification I: Sulfonamides 


H. De CLERCQ, D. L. MASSARTX, and L. DRYON 


Abstract 0 A mathematical criterion for the evaluation of chromato- 
graphic analysis procedures is given by the information content as derived 
from Shannon’s equation. This information content yields a numerical 
value representative of the merits of each chromatographic separation 
and thus allows selection of the optimal systems. In most cases, however, 
one analysis is not sufficient to allow the qualitative identification of the 
sample. Therefore, several chromatographic systems are combined. Two 
approaches allow the desired combination; one either calculates the in- 
formation content of several procedures as one mathematical value or 
classifies the systems according to mutual resemblance by numerical 
taxonomy techniques. From the resulting groups of dissimilar systems, 
one optimal system can be chosen per group according to the information 
content. The results obtained by these mathematical procedures are il- 
lustrated with a practical example: the selection and evaluation of systems 
for the TLC analysis of sulfonamides. 


Keyphrases TLC-systems, evaluation and optimal combination for 
qualitative determination of sulfonamides 0 Sulfonamides, various- 
TLC systems for qualitative determination, evaluation and optimal 
combination 


TLC is one major method in pharmaceutical analysis 
for the identification of organic compounds, and there is 
an enormous literature on the subject. It is not always easy 
to select the best TLC systems from the many that have 
been published, and it is more difficult to select the optimal 
combination of two or more systems. The reasons for this 
difficulty are: 


1. The systems (any combination of stationary phase 
and solvent) are developed by many different workers, who 
use slightly different development procedures, saturation 
conditions, etc.  


2. Most investigators do not use objective value judg- 
ments but rather state that their separation procedures 
yield either “good” or “excellent” or “poor” results for a 
group of substances. Furthermore, while it is rather easy 
to characterize a separation of two substances, i t  is often 


more difficult to characterize a separation of 10 sub- 
stances. 


3. Even if the selection of the individually best systems 
is possible, it is often nearly impossible to obtain, on sight, 
the optimal combination, since the best combination of n 
systems does not necessarily contain the n individually 
best systems. 


It is necessary to create some order out of this chaotic 
literature. One way to do this is to compile the literature 
available for restricted application domains (1). Another 
approach consists of a comparison under standardized 
conditions of reported systems (and, in the present case, 
of some new systems). Formal methods are then used for 
the evaluation and optimal combination of the TLC sys- 
tems. 


EXPERIMENTAL 


Reagents and Chemicals-All solvents were reagent grade, and 
reference sulfonamides were used as 0.2% (w/v) solutions in acetone. 
Sulfanilamide was always used as an internal standard. 


Adsorbent-Precoated TLC silica gel 60 F-245 plates’ and precoated 
TLC aluminum oxide 60 F-254 plates’ (type E) were used. 


Detection was by UV light (254 nm). 
Apparatus-The plates were developed in carefully controlled satu- 


ration conditions2 and standardized a t  40% relative humidity. 


RESULTS 


The separation systems proposed in the literature and a few others were 
investigated (Tables I and 11). Table I contains those systems for which 
a preliminary screening with seven sulfonamides yielded unpromising 
results (bad streaking of the spots, all hRf values near 0 or 100, etc.). 


Table I1 lists the systems that passed the screening stage. The sul- 


1 Merck, Darmstadt, Germany. 
2 Vario-KS-Chamber, Camag, Muttenz, Switzerland. 
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j ,  (Y, and T) can then be determined directly from nonsink dissolution data 
(W/Wo versus t )  using a suitable nonlinear regression program. 
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Bioavailability of Sulfadiazine in Rabbits 
Using Tablets Prepared by 
Direct Compression and Fluidized-Bed Granulation 


W. A. RITSCHEL” and W. ERN1 


Abstract tl Experimental sulfadiazine tablets prepared by direct com- 
pression, using a commercially available direct compression tablet mass, 
were compared with experimental sulfadiazine tablets prepared by 
fluidized-bed granulation and commercially available sulfadiazine tablets 
USP. The values for friability and the time required to release 10 and 50% 
of the direct compression tablets were between those of the fluidized-hed 
tablets and the commercial product. With the commercial tablet as a 
standard, the extent of bioavailability was determined in rabbits; it was 
slightly higher for both the direct compression and fluidized-bed tablets. 
A statistically significant difference was found between the direct com- 
pression tablets and the standard with respect to the extent of bioavail- 
ability and the time of the peak. 


Keyphrases 0 Sulfadiazine-bioavailability of tablets prepared by 
direct compression and fluidized-bed techniques compared to commercial 
product, rabbits 0 Bioavailability-sulfadiazine, tablets prepared by 
direct compression and fluidized-bed techniques compared to commercial 
product, rabbits tl Tablets-sulfadiazine, prepared by direct compression 
and fluidized-bed techniques, bioavailability compared to commercial 
product, rabbits Antibacterials-sulfadiazine, bioavailability of tablets 
prepared by direct compression and fluidized-bed techniques compared 
to commercial product, rabbits 


Sulfadiazine tablets are considered to present actual or 
potential bioequivalence problems (1). The use of a direct 
compression technique for their preparation seemed of 
particular interest, since numerous formulation factors 
influencing the i n  vitro dissolution rate and bioavailability 
previously were studied with sulfadiazine as a model 


substance. The compression pressure and binder concen- 
tration of acacia affected the dissolution rate of sulfadi- 
azine tablets (2)- The effects of disintegration agents, 
binders, fillers, and lubricants on the in uitro disintegration 
time and dissolution rate and the in uiuo availability of 
various formulations were investigated (3). The highest 
blood levels in rabbits were found with formulations that 
did not contain magnesium stearate as the lubricant and 
lactose as the filler. 


The influence of different lubricants in various con- 
centrations on dissolution rate and bioavailability was 
studied (4). The highest bioavailability was obtained when 
the lubricant was kept a t  the minimum concentration with 
improved flow properties; a lubricant concentration re- 
sulting in optimum flow properties resulted in decreased 
bioavailability. Increasing amounts of starch paste, car- 
boxymethylcellulose sodium, gelatin, or polyethylene 
glycol decreased in vitro drug release, whereas increasing 
amounts of povidone increased sulfadiazine release (5). 
Increasing amounts of carboxymethylcellulose sodium 
resulted in decreased bioavailability in rabbits (5 ) .  


The influence of the granulation method on the in uitro 
drug release and bioavailability of sulfadiazine tablets in 
rabbits was studied (6,7). In uitro drug release decreased 
in the following order of granulation method fluidized bed, 
nodulation, shaking, sieve pressure, and hole disk. I n  uiuo 
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Table I-ComDosition of ExDerimental Tablets 


Weight, mg/Tablet 
Preparation I Preparation I1 


Ingredients (Fluidized Bed) (Direct Compression) 


Sulfadiazinea 250 250 
Sorbitan-monolaurateb 1.2 
LactoseC USP 126.075 
Direct comuression - 


1.2 


193.575 
- 


massd 
Starche USP 50f 5 
Povidoneg 22.5 - 
Magnesium stearate* 0.225 0.225 
2-Propano18 q.s. - 


USP, Lederle. Atlas Chemical Ind. c Foremost. d Lot B 262-X, E. Mendell 
Co. e Merrell Co. f Ninety percent internal phase, 10% external phase. 8 Matheson, 
Coleman and Bell. Witco Chemical. 


tablets prepared by fluidized-bed granulation showed a 
statistically significant higher bioavailability than tablets 
prepared by hole disk granulation. Differences in bio- 
availability in humans of commercially available sulfadi- 
azine tablets were reported (8,9). 


Literature reports on the use of direct compression 
tablet masses are limited and are concerned with physical 
properties of the tablets and in vitro release (10). The 
purpose of this study was to compare the extent of bio- 
availability of sulfadiazine tablets prepared by direct 
compression, using a commercially available direct tab- 
leting massl, with those prepared by fluidized-bed gran- 
ulation; a commercial preparation served as the stan- 
dard. 


EXPERIMENTAL 


The composition of Preparations I and 11 is given in Table I. Prepa- 
ration 111 was a commercial2 500-mg sulfadiazine USP tablet. 


For the fluidized-bed granulation, the powder mixture of the internal 
phase of the tablets was transferred into the fluidized-bed granulator3, 
and 2-propanol was sprayed through a nozzle into the fluidized powder 
bed. The conditions were: drying temperature, 50'; fan capacity, position 
10; and 2-propanol, 50 ml/min. The desired granule size range of 0.3-0.7 
mm was screened out. After mixing with the external phase (lubricant 
plus 1Wh disintegrant), the granules were compressed on a single-punch 
machine4 to biconvex tablets of 11 mm in diameter and a pressure re- 
sistance of 3.5 kg. 


For the direct compression tablets, the ingredients were mixed in a cube 
mixer5 for 30 min and compressed as described. 


Powder and Granule Testing-The moisture content6, pour and 
stamp volumes, flow time7, flow factor, and angle of repose were deter- 
mined for the direct compression powder, the mixture of the direct 
compression powder plus sulfadiazine, and the fluidized-bed granula- 
tion. 
In Vitro Tablet Testing-The following physical tablet tests were 


performed: weight uniformity, pressure resistances (hardness), friability$ 
at 20 rpm expressed in percent after 30 min, and dissolution time of six 
tablets using the USP dissolution rate tester and artificial gastric fluid 
without enzymes'O at  37' and 100 rpm. 
In Vivo Testing-White male New Zealand rabbits kept under 


identical conditions were used for blood level studies. Rabbits were 
studied because this species metabolizes sulfadiazine qualitatively and 
quantitatively similarly to humans (1 1). Although a crossover design 
would have been desirable, it was not feasible due to the relatively large 


1 Emcompress, E. Mendell Co. 
Lillv. Control 5HJ61A. 


3 AeGmatic labor model, Muttenz, CH-Switzerland. ' Korsch, type EKO-M. 
Erweka, type KB 15. 


6 Ohaus determination balance model 6010. 
1 Erweka flowmeter model 21920, type GDT. 
8 Heherlein model 2E/205. 
9 Roche friabilator. 


10 USP XIX. 


Table 11-Properties of Powders and Granules 


Direct 
Direct Compression Fluidized- 


Compression Powder plus Bed 
Parameter Powder Sulfadiazine Granulation 


Moisture content, % 4.4 f 0.2 2.4 f 0.1 1.7 f 0.1 


Pour volume, ml/g 1.22 f 0.04 1.93 f 0.05 2.0 f 0.04 


Stam volume, ml/g 1.04 f 0.02 1.35 f 0.02 1.75 f 0.015 
f JD 


Flow time, sec f SD 9.7 f 1.0 24.38 f 2.2 5.3 f 0.7 
Flow factor f SD 0.975 f 0.004 0.913 f 0.003 
An le of repose, 31.6 f 1.75 40.2 f 2.0 26.0 f 1.5 


fegrees f SD 


f SD 


f SD 


- 


Table 111-Properties of Tablets Tested 
Preparation 


Parameter I I1 I11 


Potency, mg 252 251 496 
Weieht uniformitv. 454.5 f 0.98 451.8 f 1.75 654.81 f 0.79 


" I  


m i  f SD 
Pressure resistance 3.52 f 5.65 3.51 f 7.6 5.845 f 12.01 


(hardness), kg 
f SD 


within 30 min at 
Friability, % 6.5 23.7 63.8 


20 rpm 
TIW, min 1 24 45 
T m ,  min 7 53 760 


volume of blood taken for each study, prohibiting the reuse of the animal 
for a t  least 4 weeks. 


Each tablet preparation was tested in three rabbits. Blood samples of 
2.5 ml were obtained by heart puncture taken prior to the experiment 
and 1,2,3,4,5,6,8,10, and 12 hr after dosing. The tablets were admin- 
istered in the morning after overnight fasting using a self-made appli- 
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Figure 1-Percent sulfadiazine released versus time of different tablet 
preparations. Key: ., commercial product; A, tablets prepared by 
fluidized-bed granulation; and 0,  tablets prepared by direct compres- 
sion. 
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Table IV-Average Blood Free Sulfadiazine Levels in Micrograms per Milliliter at Corrected Sampling Time 
Body Dose Size 


Weight, (Potency), Hours 
Preparation g mg Rabbit 1 2 3 4 6 8 10 12 


I 1780 252 1 7.26 25.40 32.24 33.24 29.16 23.04 17.68 13.30 
1900 2 2.93 22.67 29.74 30.67 25.81 19.44 114.11 10.10 


3 8.76 25.44 31.77 32.74 28.24 21.87 16.28 11.92 
x 6.315 24.50 31.25 33.27 27.74 21.45 16.02 11.77 


1800 


I1 2300 251 1 4.65 24.78 31.18 31.075 24.35 16.93 11.25 7.34 
2150 2 11.39 26.23 30.67 29.99 23.31 16.12 10.62 6.83 


3 6.44 22.24 27.13 26.86 21.15 14.89 10.07 6.69 
X 7.49 24.42 29.66 29.31 22.94 15.98 10.64 6.95 


2450 


f S D  f3.40 f2.02 *2.20 f2.18 f1.63 f1.03 f0.59 f0.34 
111 3380 496 1 13.42 30.11 35.40 35.01 28.14 20.32 14.08 9.57 


3550 2 13.28 30.00 35.31 34.94 28.09 20.30 14.07 9.57 
3 15.34 32.88 38.69 38.45 31.1 22.47 15.48 10.43 
X 14.01 31.0 36.43 36.13 29.11 21.03 14.54 9.85 


3480 


*SD f1.15 f1.63 f1.87 f2.0 f1.72 f1.24 f0.82 f0.49 


- 
f S D  f3.0 f1.58 f1.32 f0.47 f1.73 f1.84 f1.79 f1.6 


- 


- 


cator. Immediately after dosing, a stomach catheter was introduced and 
5 ml of water was administered. Food was withheld for 6 hr after dosing; 
water was available ad libitum. 


Assay of Sulfadiazine-A 2-ml aliquot of blood was mixed with 30 
ml of water. After hemolysis, 8 ml of 15% (wlv) trichloroacetic acid was 
added. The precipitate was filtered off, and the filtrate was assayed by 
the Bratton-Marshall method (12). 


Pharmacokinetic Analysis-The blood level-time data were com- 
puter" analyzed according to the one-compartment open model. Since 
it is difficult to keep the sampling time accurate to the minute, actual 
blood levels were corrected from the computer-fitted curves to the 
specified times. 


RESULTS AND DISCUSSION 


The physical properties of the powders and granules are listed in Table 
11. The smaller ratio of pour volume to stamp volume for the fluidized 
bed suggests that the weight uniformity should be higher than that of the 
direct compression mixture. The flow time and the angle of repose for 
the direct compression powder were much larger than for the fluidized- 
bed granulation, indicating that the latter is more suitable for compres- 
sion for a high-speed tableting machine. 


The tablet properties are listed in Table 111. As suggested by the 
powder and granule testing, the tablets prepared by fluidized-bed 
granulation showed somewhat higher weight uniformity than those 
prepared by direct compression. However, all were within the general 
accepted limits. The pressure resistance (hardness) was maintained for 
both experimental preparations at 3.5 kg because any further increase 
in compression force resulted in capping of the direct compression 
preparation. The commercial preparation had a much higher pressure 
resistance. The friability of the tablets prepared by direct compression 
was between those prepared by fluidized-bed granulation and the com- 
mercial tablets. 


W 


1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
HOURS 


Figure 2-Auerage blood free sulfadiazine concentrations versus time 
in micrograms per milliliter per kilogram. Key: ., commercial product 
(500 mg); A, tablets prepared by fluidized-bed granulation (250 mg); 
and 0, tablets prepared by direct compression (250 mg). 


l 1  Wang 700C, printer-plotter 702. 
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The in uitro drug release expressed in percent sulfadiazine released 
into artificial gastric fluid uersus time (based on potency, not labeled 
amount) is shown in Fig. 1. Artificial gastric fluid was used as the test 
medium because sulfadiazine drug release is much higher in this medium 
than in water or artificial intestinal fluid ( 4 4 ,  9). Drug release was 
characterized by 7 ' 1 ~  and 2'50% and was highest for fluidized-bed tablets, 
followed by direct compression tablets and the commercial product. 


The blood level data corrected for the specified sampling times are 
listed in Table IV. The average blood level-time curves, corrected for the 
body weight, are shown in Fig. 2. The standard deviations were omitted 
for clarity but are listed in Table IV. 


Bioavailability is characterized by the area under the blood level-time 
curve, the time of the peak, and the concentration at the peak time (Table 
V). The areas under the curves were determined by the trapezoidal rule 
for the time from 0 to 12 hr, and the remaining areas were determined 
by dividing the last blood level point by the overall elimination rate 
constant, which was reported previously as 0.29 hr-I after intravenous 
dosing (5,7). 


The extent of bioavailability, E ,  was determined using: 


The 500-mg commercial preparation of sulfadiazine USP was considered 
as the standard. The highest extent of bioavailability was obtained with 
the tablets prepared by direct compression, followed by those prepared 
by fluidized-bed granulation. A statistically significant difference was 
found between the direct compression tablets and the standard with 
respect to the extent of bioavailability and the time of the peak. 


Large differences were found in the in uitro dissolution studies, hut 
only minimal differences existed i n  uiuo. Part of the differences i n  uitro 
between the two experimental tablet preparations and the commercial 
preparation may be explained by the dose size differences of 250 and 500 
mg, respectively. Saturation may be approached with the 500-mg dose. 
Since i n  uiuo the peak times occurred in all three preparations in less than 
3 hr, the drug is absorbed fast enough not to prevent dissolution due to 
saturation. 


In conclusion, the direct compression tablet mass, when compared to 
a wet granulation (fluidized-bed) and a commercial tablet preparation, 


Table V-Bioavailability Data 


Extent 
Dose of 


Weight! (Poten- AUCO'" tP, bility, 
Prepara- g f  cy), (pglml) h i  hr zrm1 % 


tion SD mg f S D  f S D  f S D  * S D  
I 1826.6 252 316.16 2.97 31.096 106.14 


I1 2300 251 252.27 2.63" 28.58 106.98" 


Body Size Bioavaila- 


f 64.3 f 26.16 f 0.15 f 1.85 f 5.22 


f 150.0 f 17.82 f0.06 f 2.15 f 3.52 
III 3470 496 308.0 2.83 36.08 100 


f 85.44 f 17.14 f 0.05 +f 2.0 
Statistically significant ( p  < 0.05) when compared to the standard, 







resulted in an extent of bioavailability of a t  least that  of the standard. 
The in  uitro test revealed acceptable tablet properties with respect to 
weight uniformity, friability, and in  uitro drug release. Considering the 
simple methodology employed in the manufacturing of direct compres- 
sion tablets, this technique and the direct compression mass tested have 
a high potential for commercial use of a quality product. 
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Mathematical Model for Cyclocytidine Pharmacokinetics 


K. J. HIMMELSTEIN *x and J. F. GROSS * 


Abstract 0 The pharmacokinetics of the drug cyclocytidine in humans 
were modeled by using a physiological and anatomical approach. Each 
pertinent tissue is represented by a single compartment, and these 
compartments are linked together by the circulatory system. Each 
compartment is then represented by an ordinary differential equation 
that represents the rate of change in drug concentration as a function of 
convecting transport, metabolism, and urinary clearance. The models 
for cyclocytidine and cytarabine are linked together by a hydrolysis term 
in each equation set. The resulting equation sets are then solved nu- 
merically to predict the concentration of both drug species in. situ. The 
models use physiological blood flows, tissue volumes, and clearance pa- 
rameters. The results of the model show that cyclocytidine can act as a 
reservoir for cytarabine in  uiuo over the time studied. This effect is 
confined to  relatively long times and relatively low plasma concentra- 
tions. 


Keyphrases Cyclocytidine-pharmacokinetics in humans, mathe- 
matical model Pharmacokinetics-cyclocytidine in humans, mathe- 
matical model Models, mathematical-cyclocytidine pharmacokinetics 
in humans 


Cytarabine (I) (NSC-63878), an effective antileukemic 
agent (1-3), has a very short half-life because of its rapid 
deamination to a biologically inactive compound. 02,2'- 
Cyclocytidine (11) (NSC-145688), which is structurally 
similar to I, was more effective than I in several animal 
tumor systems (4,5). The efficacy of I1 may be due to its 
hydrolysis to I (6). If so, its effects may be strongly related 
to the pharmacokinetics of both I and I1 in uiuo. 


The enhanced cytotoxic effect of I1 could possibly be due 
to its slower urinary clearance compared to the elimination 
of I by deamination and kidney clearance. Thus, I1 could 
act as a reservoir for the production of I in uiuo. This paper 
presents a mathematical model to study the distribution 
and hydrolysis of I1 to I in uiuo. This model demonstrates 
that the pharmacokinetic characteristics of I1 are impor- 
tant to its effective usage. 


PHARMACOKINETIC MODEL 


The model, an extension of the work by Dedrick et al. (7,8), is based 
on the principle that  anatomical and physiological parameters should 
be included to reflect biochemical interactions of the drug. The rationale 
for modeling on this basis as opposed to classical compartmental analysis 
was developed previously (9-15). 


By using compartments to represent real organs, the actual blood flows 
and physiological volumes as well as terms to include metabolism, urinary 
clearance, and binding can be included. Thus, when the model is com- 
plete, i t  can provide predictive capability derived from a quantitative 
physiological and pharmacological basis. Since a model for the pharma- 
cokinetics of I was described in detail (7,8,16), only key assumptions that 
deal directly with changes for the inclusion of I1 are discussed. 


Scheme I represents the flow diagram of the various compartments 
used in the model. Each compartment represents a real organ, with the 
anatomical volume experimentally measured independently. The organs 
are contained in a network representing the systemic blood circulation. 
The blood flows are also measured independently for each compartment. 
A drug mass balance represents the rate of change of the mass of drug in 
the compartment as a function of the convective inflow and outflow rates, 
the metabolism rate, the elimination rate by urinary or other clearance, 
and the rate of drug introduction from external sources. 


Dedrick et a2. (7,8) used the following assumptions to write differential 
equations describing the pharmacokinetics of I. Each organ is a volume 
of distribution for the drug, and deamination can be represented by a 
Micbaelis-Menten expression. Urinary clearance is directly proportional 
to the concentration in the blood. For 11, a similar compartmental network 
is considered. Since the chemical structures of I1 and I are closely related, 
i t  is assumed that they will act similarly, with no gross differences in 
distribution and urinary clearance from the body. 


Compound I1 is not deaminated in  uiuo (17), and hydrolysis of I1 to I 
is assumed to take place in all tissues. Thus, a production term for I is 
included in each balance that is first order in I1 concentration (16). The 
balance equation on the blood compartment for I is: 
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Metoclopramide Metabolism and Determination by 
High-pressure Liquid Chromatography 


LINA TENG", ROBERT B. BRUCE, and L. KAY DUNNING 


Abstract A high-pressure liquid chromatographic method suitable 
for determining plasma metoclopramide levels a t  normal (10-20 mg) 
doses is described. Eight metabolites as well as metoclopramide were 
isolated and identified in rat, dog, and human urine. The only common 
metabolite in these species is 2- [ (4-amino-5-chloro-2-methoxybenzoyl)- 
aminolacetic acid. N-Deethylation is a major pathway for metoclo- 
pramide metabolism in the lower animals but not in humans. Metoclo- 
pramide is excreted mainly unchanged or as its conjugates by humans. 


Keyphrases Metoclopramide-high-pressure liquid chromatographic 
analysis, various metabolites isolated and identified, rat, dog, and human 
urine Metabolites, various-of metoclopramide, isolated and identified, 
high-pressure liquid chromatographic analyses, rat, dog, and human urine 
0 High-pressure liquid chromatography-analyses, metoclopramide and 
various metabolites in rat, dog, and human urine 0 Antiemetic agents- 
metoclopramide and various metabolites, high-pressure liquid chroma- 
tographic analyses in rat, dog, and human urine 


Metoclopramide is an antiemetic and antispasmodic 
agent presently undergoing clinical testing in the United 
States. Results previously were reported on its metabolism 
in lower animals (1-3). Plasma levels were followed in 
lower animals (2) after relatively large doses by use of a 
colorimetric procedure and TLC-colorimetry. However, 
human plasma levels following normal (10-20 mg) doses 
have not been reported. 


This study confirms some metabolites found in lower 
animals and reports additional metabolites not previously 
found in animals and humans following usual clinical 
doses. An analytical method suitable for determining 
plasma levels at  clinical doses is also reported. 


EXPERIMENTAL 


Animals-Three female Sprague-Dawley rats', 2W225 g, were given 
metoclopramide solution orally at 100 mg/kg. Each rat received 20.16 mg 
(12.5 pCi). One male beagle dog2, 10.8 kg, received metoclopramide so- 
lution orally a t  20 mg/kg. The dog received 215.7 mg in 50.0 ml of water 
(21.3 pCi). The animals were housed in individual metal metabolism cages 
with free access to food and water. 


Blood samples from the dog were collected in oxalate-containing tubes 
and analyzed immediately for radioactivity. The urinary and fecal ex- 
crements were collected at  24-hr intervals for 3 or 4 days. The urine 
samples were frozen until analysis, and the fecal samples were freeze 
dried. 


Human Subjects-Two healthy male volunteers who had given in- 
formed written consent each received an oral capsule containing I4C- 
metoclopramide (10.0 mg, 45.0 pCi). Blood, urine, and feces were collected 
at  intervals and kept frozen until analysis. 


Materials-Met~clopramide~ was used as received. The radiochemical 
purity of carbonyl-labeled 14C-metoclopramide4 (4.5 pCi/mg) was higher 
than 98% as determined by TLC in three solvent systems. 


Enzyme5 was used as purchased. The resin6 was washed with methanol, 
acetone, and water before use. 


Identification of Metabolites-The metabolites were purified by 


1 Charles River Animal Laborator , Wilmington, Mass. 
2 Hazelton Research Laboratory, eumberland County, Va. 
3 Laboratories Delagrange, Paris Cedex 07, France. 
4 A gift from Merck Sharp and Dohme, Rahway, N.J. 
5 Glusulase, Endo Laboratories, Garden City, N.Y. 
6 XAD-2. Rohm & Haas, Philadelphia, Pa. 


preparative TLC, and the purified metabolites were identified by mass 
spectrometry. Comparisons of IR and NMR spectra were used when 
enough material was available. The mass spectra7 were taken with a direct 
probe method. NMR spectrometrya was carried out in chloroform-d so- 
lution. IR9 spectra were run as thin films or potassium bromide pel- 
lets. 


TLC-Aliquots or extracts of urine were spotted on precoated silica 
gel GF plateslO and developed with the following solvent systems: A, 
chloroform-methanol-concentrated ammonium hydroxide (7030:l); B, 
2 N ammonium hydroxide-ethanol-ethyl acetate (338); C, ethyl ace- 
tate-acetic acid-water-ethanol (25:12:85); D, chloroform-methanol- 
concentrated ammonium hydroxide (7030:2); E, chloroform-metha- 
nol-concentrated ammonium hydroxide (90101); and F, 1-butanol-ethyl 
acetate-acetic acid-water (1: 1:l:l). 


Radioassay-Aliquots of solution were put in glass liquid scintillation 
counting vials and counted in a liquid scintillation spectrometer" using 
KTT phosphor. The freeze-dried fecal samples were combusted12 and 
counted in a scintillation spectrometer. KTT phosphor was prepared by 
mixing 2,5-diphenyloxazole (8.25 g), 1,4-bis[2-(4-methyl-5-phenyloxa- 
zoly1)lbenzene (0.25 g), isooctylphenoxypolyethoxyethanol(500 ml), and 
toluene (1000 ml). 


Column Chromatography-Raw urine samples were put through 
a resin6 column (bed volume = one-half of the sample volume) and 
washed with water (two times bed volume); the drug-related compounds 
were eluted with methanol (three times bed volume). 


Enzyme Hydrolysis-Raw urine was adjusted to pH 5.0 with acetic 
acid. The methanol eluate from column chromatography was evaporated 
to dryness, and the residue was taken up in 0.2 M acetate buffer (pH 5.0). 
The buffered solution was incubated with enzyme at  37' ~vernight'~. 


Analysis of Plasma-The analysis method developed for the study 
of metoclopramide pharmacokinetics is based on HPLC with a UV de- 
tector a t  280 nm. Since the UV spectrum of metoclopramide in water 
indicates a minimum of absorbance at 250 nm with maxima at 272 and 
308 nm, the usual detector employed at  254 nm is not suitable and the 
280-nm wavelength was used. 


The following liquid chromatographic parameters were used column, 
15 cm X 0.5 mm silica gel M131; flow rate, 2.0 ml/min; temperature, 
ambient; and solvent, methanol-chloroform-concentrated ammonium 
hydroxide (30700.5). 


Procedure-A 5.0-ml sample of plasma (whole blood and urine also 
were analyzed) was mixed with 9.0 ml of water and 1.0 ml of 500 ng/ml 
of internal standard. Concentrated ammonium hydroxide, 2 ml, was 
added, and the mixture was extracted twice with 10.0-ml portions of 
chloroform. Layers were separated by centrifugation, and the chloroform 
extracts were combined. 


The chloroform phase was extracted with 5 ml of 0.5 N HC1, and the 
organic phase was discarded after centrifugation. The aqueous layer was 
made alkaline, and the metoclopramide was extracted back into 5.0 ml 
of chloroform. Then the chloroform layer was transferred to another tube, 
evaporated under nitrogen to dryness, and dissolved in 100 pl of chloro- 
form; 25 p1 was injected into the liquid chr~matograph'~. 


The internal standard was prepared by the reaction of 4-amino-5- 
chloro-2-methoxy-N-(aminoethyl)benzamide with n-propyl bromide 
by refluxing overnight in ethanol. The ethanol was evaporated, and the 
residue was taken up in water, made basic, and extracted with chloroform. 
On evaporation, an oily residue crystallized. This residue was recrystal- 
lized from benzene to give 4-amino-5-chloro-N- [2- (propy1amino)ethyll- 


Hitachi RMU-6H mass spectrometer, Perkin-Elmer, Norwalk, Conn. 
8 Varian A60 NMR spectrometer, Varian, Palo Alto, Calif. 
9 Model 621 IR spectrometer, Perkin-Elmer, Norwalk, Conn. 


10 Analtech, Inc., Newark, Del. 
11 Tri-Carb model 3385, Packard Instrument Co., Downers Grove Ill. 
12 Model 305 sample oxidizer. Paekard Instrument Co., Downers brove, Ill. 
13 Thelco model 83 incubator, Precision Scientific Co., Chicago, Ill. 
14 Model 3500 li uid chromatcgra h with model 225 dual-channel UV absorbance 


detector, Spectra-Bhysics, Santa Cfara, Calif. 
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Table I-Excretion of 14C-Metoclopramide (Percent) in Rats, 
Dogs, and Humans 


Rat" Dog Human 
Hours Urine Feces Urine Feces Urine Feces 


0-24 71.9 5.7 65.3 - 77.8 2.0 
2448 8.5 4.4 6.9 18.3 5.7 1.0 
48-72 1.0 1.7 1.0 1 .o 0.8 1.6 
72-96 N.C.' N.C. N.C. N.C. - 0.7 


Subtotal 81.4 11.8 73.2 19.3 84.3 5.3 
93.2 92.5 89.6 


a Average of three rats. * Average of two human subjects. N.C. = not collect- 
ed. 


2-methoxybenzamide. This compound shows the same solubility prop- 
erties as metoelopramide and is well separated from both metoclopramide 
and the monodeethylated metabolite on chromatography, acting as an 
ideal internal standard. The retention times of metoclopramide and the 
internal standard were 2.8 and 4.5 min, respectively. The monodeeth- 
ylated compound appeared at  7.5 min, and the dideethylated metabolite 
appeared at  5.7 min. 


RESULTS 


Excretion-Table I shows the radioactivity recovery from rats, dogs, 
and humans. The majority of the radioactivity was eliminated in the urine 
in the first 24 hr after dosing. 


Metabolites in Rat Urine-The methanol eluate from column 
chromatography showed three major radioactive zones. There was no 
qualitative or quantitative difference in the raw urine and enzyme- 
hydrolyzed urine. The metabolites identified in the 0-24-hr rat urine 
accounted for over 60% of the total dose. The metabolites are listed ac- 
cording to descending Rf values. 


Zone RA-The radioactivity in this zone accounted for 1-2% of the 
dose. Rechromatography with System E resolved this zone into several 
minor zones, two of which were identified. 


Zone RAl-Mass spectrum of this metabolite showed a molecular ion 
at 200, indicating an even number of nitrogen atoms in the molecule. The 
base peak at  m/e  184 indicated that there was no change on the ring 
substituents. This compound was assigned as 4-amino-5-chloro-2- 
methoxybenzamide (11). 


Zone RA2-Two metabolites were in this zone, and one showed a 
molecular ion at  m/e  244. The even molecular weight indicated an even 
number of nitrogen atoms. The base peak was at 184, indicating no change 
on the ring. Acetylation of this metabolite with acetic anhydride and 
pyridine gave a derivative of M + 328 with the base peak shifted to m/e  
226. The metabolite picked up two acetyl groupings, one on the ring 
amino group and the other on the side chain. Another significant peak 
of the acetyl derivative at  268 was probably due to the loss of acetic acid. 
From these mass spectral data, Structure III,4-amino-5-chloro-N-(2- 
hydroxyethyl)-2-methoxybenzamide, was assigned to this metabolite. 
The second component, M + 285, was not identified until the same me- 
tabolite was found later in dog urine. 


Zone RB-IR, NMR, and mass spectra of this compound matched 
those of metoclopramide. Recrystallization of the compound twice from 
benzene gave a crystalline powder, mp 142-144O [lit. (1) mp 146.5"]. 
Therefore, this component was unchanged metoclopramide (I). Meto- 
clopramide did not show a molecular ion under the present experimental 


L c1 


I: R, = CH,, R, = CH,CH,N(C,H,), 
11: R. = CH,. R, = H 


111: R; = CH;; R; = CH,CH,OH 
IV: R,  = H, R, = CH,CH,N(C,H,), 
V:  R,  = CH,, R, = CH,CH,NHC,H, 


VIa: R,  = CH,, R, = CH,COOH 
VIb: R, = CH,, R, = CH,COOCH, 
VIc: R,  = CH,, R, = CH,COOC,H, 
VII: R, = CH,. R, = CH=CH, 


VIII: R; = CH;; R; = CH,CH,NH(COCH,) 
IX: R, = H, R, = CH,CH,NHC,H, 


I I 


5 10 
MINUTES 


Figure 1-Chromatogram of rnetoclopramide (B) ,  internal standard 
(C) ,  dideethylated metoclopramide (D), and monodeethylated meto- 
clopramide (E). Peak A is the soluent. 


conditions. The base peak for this compound was 86 with strong peaks 
at  227,201,184, and 99. 


Zone RC-On rechromatography with System E, this zone resolved 
into two components; one had a molecular weight of 285 by mass spec- 
trometry. The base peak at  86 along with a strong peak at 99 suggested 
the existence of a CH2CH2N(CH&H& grouping. The presence of a peak 
at  170 and the absence of a 184 peak suggested demethylation of the 
methoxy group on the ring. Not enough sample was available for deri- 
vatization. Structure IV, 4-amino-5-chloro-N-(2-hydroxy)-N-[2-(di- 
ethylamino)ethyl]benzarnide, was assigned for this metabolite. The 
second metabolite in this zone was not identified. 


Zone RD-On rechromatography with System F, this zone resolved 
into two compounds; one was identified as 4-amino-5-chloro-N-[2- 
(ethylamino)ethyl]-2-methoxybenzamide (V) by the following findings. 
The metabolite did not show a molecular ion. The base peak at  m/e 58 
along with other peaks at  213,201,184, and 71 was identical to the mass 
spectrum of the authentic sample. Comparison of the IR spectra of the 
metabolite and the authentic compound confirmed the identity further. 
The second metabolite was not identified. 


Zone RE-Only one metabolite was found, and its mass spectrum 
showed only two peaks at  rnle 184 and 44. The peak at rnle 44 (Con) in- 
dicated that the metabolite was probably an acid. The peak at m/e  184 
indicated no change on ring substituents. Methylation of the metabolite 
with ethereal diazomethane gave a compound with a molecular weight 
of 272 and a strong peak at  mle  184. Ethylation of the metabolite with 
ethanol and hydrogen chloride gas gave an ethyl ester with a molecular 
weight of 286. This compound was assigned as 2-[(4-amino-5-chloro-2- 
methoxybenzoyl)amino]acetic acid (VIa). Its methyl and ethyl esters are 
VIb and VIc, respectively. 


Metabolites in  Dog Urine-TLC of the methanol eluate from the 
column revealed only two major radioactive zones. The metabolites were 
identified by TLC and mass spectrometry. The following metabolites 
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Table 11-Results of Recovery of Known Amounts of 
Metoclopramide Added to Control Plasma (n = 6) 


Metoclopramide, ng/ml 
Added Found (Mean) SD 


10 9.6 f1.77 
20 21.1 51.89 
60 61.3 f2.71 


100 93.3 rt5.93 


were found in the 0-24-hr urine and amounted to about 60% of the 
dose. 


Zone DA-This zone resolved into several minor zones with System 
E. 


Zone DAI-This zone had a molecular ion at mle 272. The metabolite 
had the same chromatographic behavior as 2-[(4-amino-5-chloro-2- 
methoxybenzoyl)amino]acetic acid methyl ester (VIb) .  This compound 
is possibly an artifact formed by the reaction of methanol and the acidic 
metabolite of Zone DF during workup. 


Zone DA2-The molecular weight of this metabolite was established 
as 226 by mass spectrometry. Two other significant peaks were at  mle 
200 and 184; unfortunately, not enough material was available for deri- 
vatization. This metabolite was tentatively assigned as 4-amino-5- 
chloro-N-ethenyl-2-methoxybenzamide (VII). 


Zone DA3-This zone was identical to Zone RA1 in rat urine. 
Zone DA4-The molecular weight of this metabolite was determined 


as 285 by mass spectrometry, indicating an odd number of nitrogen atoms. 
The base peak at  mle 184 indicated no change on the ring substituents. 
Acetylation of the metabolite gave a derivative M + 327,42 mass units 
higher than the metabolite. The base peak shifted to rnle 226 from 184, 
indicating the only acetylation site to be NH2 on the ring. The other ni- 
trogen atoms were probably amide nitrogen or tertiary amine nitrogen. 
The mass spectrum of this acetylated metabolite was identical to that 
of the acetyl derivative of 4-amino-N-(2-aminoethyl)-5-chloro-2- 
methoxybenzamide. It was concluded that this metabolite was N-[2- 
(acetylamino)ethyl]-4-amino-5-chloro-2-methoxybenzamide (VIII). 


Zone DA5-This metabolite was identical to the metabolite of Zone 
RA2 in rat urine. 


Zone DB-This zone contained unchanged metoclopramide as shown 
by mass spectrometry and TLC. 


Zone DD-This zone contained only one drug-related compound. The 
mass spectrum and TLC were identical to those of V .  


Zone DE-This zone resolved into two drug-related compounds; one 
showed a weak molecular ion at  mle 257. The base peak at  mle 58 and 
another peak at mle 71 suggested N-deethylation on the side chain. A 
strong peak at  mle 170 and others at rnle 200,199, and 187 strongly in- 
dicated demethylation on the ring. From these data, 4-amino-5-chloro- 
N-~2-(ethylamino)ethyl~-2-hydroxybenzamide (IX) was proposed for . .  . .~ 


this metabolite. 
Zone DF-The onlv metabolite in this zone was identical to the me- 


tabolite of Zone RE in rat urine. Structure VI was proposed for it. 
Metabolites in Human Urine-There were three significant ra- 


dioactive spots in human urine. These three metabolites, found in the 
0-24-hr urine, amounted to 60% of the dose. 


Zone HA-This radioactive zone was shown to be unchanged meto- 
clopramide by mass spectrometry and TLC comparisons in several sol- 
vent systems. 


Zone HB-Due to large amounts of impurity, no meaningful spectral 
data were obtained initially for this metabolite. After treatment with 
diazomethane, a single radioactive derivative was isolated in the pure 
state. The methylated compound had M + 272 and the base peak was at  
m/e 184. This methyl ester was identical to the methyl ester of Zone RE 
in rat urine and Zone DF in dog urine. Therefore, the metabolite was 
VIa. 


Zone HC-The intensity of this zone differed markedly before and 
after enzyme hydrolysis of the urine. This spot accounted for about 50% 
of the urinary radioactivity before enzyme hydrolysis, about 18% after 
hydrolysis, and practically none after acid hydrolysis. Hydrolysis of this 
spot gave unchanged metoclopramide. This zone was concluded to be the 
glucuronide and/or sulfate of metoclopramide. 


HPLC Method-This method is sensitive to the determination of as 
little as 10 ng of metoclopramidelml of plasma or blood when 5-ml sam- 
ples are used. This sensitivity is sufficient for following kinetics of 10- 
or 20-mg doses. The method also appears to be specific under the con- 
ditions described, and I is well separated from expected metabolites (Fig. 
1). However, no metabolite was detected in plasma or blood. The accuracy 
and precision of the procedure are indicated by the results shown in Table 


; 4 8 
HOURS 


Figure 2-Average blood levels of sir normal male subjects who received 
oral doses of I0 mg of metoclopramide in solution. Vertical lines denote 
standard errors. 


11. These results were obtained by analyzing samples of control plasma 
containing known quantities of added metoclopramide. 


A preliminary study was conducted with two normal male subjects to 
determine whether the method was sufficiently sensitive to determine 
blood levels of metoclopramide at  an oral dose of 20 mg. The results are 
shown in Table 111 for the 8 hr during which the samples were taken. 
These results indicate that the necessary sensitivity was obtained. The 
results of a second study in which an oral dose of 10 mg was administered 
to each of six subjects as a liquid also indicated that sufficient sensitivity 
is obtained by this method (Fig. 2). 


Blood levels were also obtained in the radioactive metoclopramide 
studies with humans. Both the total radioactivity of blood and unchanged 
metoclopramide levels are shown in Fig. 3. The levels were considerably 
higher as determined by radioactivity, even in the initial samples, indi- 
cating rapid drug metabolism. 


DISCUSSION 


Earlier investigators (1-4) showed that the major urinary metabolite 
of metoclopramide in rabbits, dogs, and rats is monodeethylated meto- 
clopramide (V). This finding was confirmed in the present studies. There 
was no indication of the presence of a dideethylated drug in the urine of 
the three species studied (3). Neither the mono- nor dideethylated de- 
rivative could be detected in human urine. 


Rabbits, according to Arita et al. (l), excrete metoclopramide in part 
as sulfate and glucuronide conjugates. This has also been found to be true 
in humans but not in dogs or rats. In humans, about one-half of the total 
radioactivity excreted was as a metoclopramide conjugate, indicating that 
this is a major route of excretion. The other metabolite found in humans 


Table 111-Plasma Metoclopramide Levels for Two Male 
Subjects who Received a 20-mg Oral Dose 


Metoclopramide, nglml Hours after 
Dose Subject 1 Subject 2 


0.25 
0.50 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 


0 
63.0 
72.1 
71.1 
66.7 
53.0 
42.1 
33.3 
20.3 


0 
28.6 
87.2 
81.0 
81.1 
76.8 
58.0 
35.0 
22.6 
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Figure 3-Average plasma levels of total radioactivity, calculated as 
unchanged drug, and unchanged metoclopramide (by  HPLC) of two 
subjects who received 10 mg of 14C-metocloprarnide. Key: -, radioac- 
tivity; and - - -, unchanged drug. 


1 
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(VI) also was observed in dog and rat urine, but it had not been observed 
previously. 


A number of other metabolites were isolated and identifed from the 
urine sf dogs and rats. An O-demethylated metabolite was earlier iden- 
tified in rat urine by Hucker et al. (5). Two metabolites, IV and IX, were 
identified in the present study. No evidence of the aromatic amine oxi- 
dation could be found in these studies, as was noted by Arita et al. (1) for 
rabbits. 


Previous studies showed that metoclopramide is rqpidly and well ab- 
sorbed in lower animals. The results in these studies indicate that this 
is also true in humans. About 78% was excreted in the urine (Table I) in 


the first 24 hr. Maximum blood levels following oral doses were found 
within the first 2 hr. The half-life of the drug for the 3-8-hr period fol- 
lowing dosing was 4.00 hr (SEM 0.23) for the six subjects who received 
10-mg doses (Fig. 2). The maximum concentration in the blood for these 
subjects was approximately 40 ng/ml; subjects that received 20 mg in the 
preliminary study gave twofold higher blood levels (Table 111), indicating 
that the blood level is proportional to dose in this range. Further infor- 
mation concerning pharmacokinetics will appear in another report. 


A comparison of the curves in Fig. 3 shows that a considerable amount 
of the radioactive material in the blood cannot be accounted for as un- 
changed metoclopramide. Because such a large portion of the drug was 
excreted as conjugates, samples were analyzed both before and following 
enzyme5 hydrolysis of plasma samples from one subject. However, the 
results indicated that such conjugates were not present in appreciable 
concentrations. This difference must, therefore, be due to some un- 
identified metabolite. 


REFERENCES 


(1) T. Arita, R. Hori, K. Ito, K. Ichikawa, and T. Uesugi, Chem. Pharm. 


(2) 0. M. Bakke and J. Segura, J. Pharm. Pharmacol., 28, 32 


(3) A. H. Beckett and G. Huizing, ibid., 27,42P (1975). 
(4) L. Sorrentino, M. DiRossa, and G. De Ruggiero, Atti Acad. Sci., 


Bull., 18.1663 (1970). 


(1976). 


~~ 


123,52 (1969). 


Pharmacologist, 8,274 (1966). 
(5) H. B. Hucker, A. Hochberg, E. A. Hoffman, and J. K. Miller, 


ACKNOWLEDGMENTS AND ADDRESSES 


Received November 17,1976, from A. H. Robins Research Laborato- 


Accepted for publication February 8,1977. 
The authors express their appreciation to Dr. A. N. Cbremos, Clinical 


ries, Richmond, V A  23220. 


Pharmacology, A. H. Robins, for the clinical studies. 
To whom inquiries should be directed. 


High-speed Liquid Chromatographic Analysis of 
Dapsone and Related Compounds 


C. A. MANNAN, G. J. KROL", and B. T. KHO 


Abstract 0 A nonaqueous solvent absorptive support system and an 
aqueous solvent reversed-phase support liquid chromatographic system 
for analysis of dapsone and related compounds were investigated. The 
absorptive support system was more suitable for analysis of dapsone in 
raw materials, formulations, and tissue residues. The suitability was 
judged by the relative selectivity, efficiency, precision, and sensitivity 
of the systems. The adsorptive support system was used for the analysis 
of trace amounts of raw material impurities and dapsone metabolites. 
Coupling fluorometric detection to the chromatographic system yielded 
a 10-pg on-column detection limit for dapsone; the UV detection limit 
was 250 pg. 


Keyphrases 0 Dapsone and related compounds-high-speed liquid 
chromatographic analyses, bulk drug, pharmaceutical formulations, and 
biological fluids 0 High-speed liquid chromatography-analyses, dap- 
sone and related compounds, bulk drug, pharmaceutical formulations, 
and biological fluids 0 Leprostgtic antibacterials-dapsone and related 
compounds, high-speed .liquid chromatographic analyses, bulk drug, 
pharmaceutical formulations, and biological fluids 


Dapsone (4,4'-sulfonylbisbenzeneamine) (I), a potent 
antileprotic drug (1-3), has been commercially available 
since 1949. Various analytical techniques have been in- 


vestigated for its analysis in pharmaceutical preparations 
and biological fluids. 


Colorimetry and titrimetry, the first techniques to be 
used, were reviewed previously (4). Although these 
methods are sufficiently sensitive for the analysis of 
pharmaceutical preparations, they are not sufficiently 
selective for the determination of chemical stability or for 
metabolite studies. The current USP method for the 
analysis of dapsone in tablet formulations is a sodium ni- 
trite titration (5). This method is not specific for dapsone, 
however, since other arylamino sulfones present as de- 
composition products and synthetic impurities (4) inter- 
fere. 


Later, fluorometric methods were developed; they are 
more sensitive and specific and, thus, are especially suit- 
able for biological fluid metabolite studies (4,6). However, 
these methods are not very accurate because of quenching 
and other complications, and they also involve complicated 
extraction and cleanup steps. 


These limitations led to the development of TLC (7), 
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Evaluation and Optimal Combination of TLC Systems for 
Qualitative Identification I: Sulfonamides 


H. De CLERCQ, D. L. MASSARTX, and L. DRYON 


Abstract 0 A mathematical criterion for the evaluation of chromato- 
graphic analysis procedures is given by the information content as derived 
from Shannon’s equation. This information content yields a numerical 
value representative of the merits of each chromatographic separation 
and thus allows selection of the optimal systems. In most cases, however, 
one analysis is not sufficient to allow the qualitative identification of the 
sample. Therefore, several chromatographic systems are combined. Two 
approaches allow the desired combination; one either calculates the in- 
formation content of several procedures as one mathematical value or 
classifies the systems according to mutual resemblance by numerical 
taxonomy techniques. From the resulting groups of dissimilar systems, 
one optimal system can be chosen per group according to the information 
content. The results obtained by these mathematical procedures are il- 
lustrated with a practical example: the selection and evaluation of systems 
for the TLC analysis of sulfonamides. 


Keyphrases TLC-systems, evaluation and optimal combination for 
qualitative determination of sulfonamides 0 Sulfonamides, various- 
TLC systems for qualitative determination, evaluation and optimal 
combination 


TLC is one major method in pharmaceutical analysis 
for the identification of organic compounds, and there is 
an enormous literature on the subject. It is not always easy 
to select the best TLC systems from the many that have 
been published, and it is more difficult to select the optimal 
combination of two or more systems. The reasons for this 
difficulty are: 


1. The systems (any combination of stationary phase 
and solvent) are developed by many different workers, who 
use slightly different development procedures, saturation 
conditions, etc.  


2. Most investigators do not use objective value judg- 
ments but rather state that their separation procedures 
yield either “good” or “excellent” or “poor” results for a 
group of substances. Furthermore, while it is rather easy 
to characterize a separation of two substances, i t  is often 


more difficult to characterize a separation of 10 sub- 
stances. 


3. Even if the selection of the individually best systems 
is possible, it is often nearly impossible to obtain, on sight, 
the optimal combination, since the best combination of n 
systems does not necessarily contain the n individually 
best systems. 


It is necessary to create some order out of this chaotic 
literature. One way to do this is to compile the literature 
available for restricted application domains (1). Another 
approach consists of a comparison under standardized 
conditions of reported systems (and, in the present case, 
of some new systems). Formal methods are then used for 
the evaluation and optimal combination of the TLC sys- 
tems. 


EXPERIMENTAL 


Reagents and Chemicals-All solvents were reagent grade, and 
reference sulfonamides were used as 0.2% (w/v) solutions in acetone. 
Sulfanilamide was always used as an internal standard. 


Adsorbent-Precoated TLC silica gel 60 F-245 plates’ and precoated 
TLC aluminum oxide 60 F-254 plates’ (type E) were used. 


Detection was by UV light (254 nm). 
Apparatus-The plates were developed in carefully controlled satu- 


ration conditions2 and standardized a t  40% relative humidity. 


RESULTS 


The separation systems proposed in the literature and a few others were 
investigated (Tables I and 11). Table I contains those systems for which 
a preliminary screening with seven sulfonamides yielded unpromising 
results (bad streaking of the spots, all hRf values near 0 or 100, etc.). 


Table I1 lists the systems that passed the screening stage. The sul- 


1 Merck, Darmstadt, Germany. 
2 Vario-KS-Chamber, Camag, Muttenz, Switzerland. 
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Table I-Systems Investigated but Rejected after the Screening Test 


Solvent 


Chloroform-ethanol (80:15) 
Chloroform-2-propano1(80:15) 
Chloroform-1 -butanol(80 15) 
Chloroform-propanol(80 15) 
Chloroform-1-pentanol (80:15) 
Chloroform-acetone (5050) 
Chloroform-acetic acid (955) 
Chloroform-acetic acid (90:lO) 
Ether-methanol (9010) 
Ether-ethanol(9010) 
Benzene-ethanol (8020) 
Ethyl acetate saturated with water 
Chloroform-methanol (80: 15) 
Methanol-1-pentanol-benzene (31:15:45) 
Acetone-methanol-25% ammonia (85:15:15) 
Acetone-methanol-25% ammonia (75:10:5) 
Acetone 
Ethyl acetate 
Ethanol 
Chloroform 
Chloroform-methanol (95:5) 
Chloroform-methanol (90  10) 
Chloroform-methanol (80:20) 
Chloroform-methanol (7030) 
Chloroform-dioxane (95:5) 
Chloroform-ethanol (8010) 
Chloroform-acetic acid (95:5) 
Benzene-ethanol (9010) 
1-Butanol-water (90:9) 
5% (v/v) Ammonia-1-butanol (5050) 
Methanol-water (96:8) 
Methyl ethyl ketone-pyridine (75:5) 
Acetone-methanol-diethylamine (9010:lO) 
Diethylamine (absolute)-2-propanol-water (10:50:40) 
Chloroform-methanol-butylamine (85:105) 
Dioxane-ammonia-water (100:3: 10) 
Chloroform-methanol-acetic acid (945:l) 
Cyclohexane-acetone-acetic acid (40:50:10) 
1 -Butanol-acetic acid-water (30:3030) 
Methanol-1 -pentanol-benzene (31:15:45) 
Methanol-1-pentanol-benzene-water (31:15:45:7) 
Acetone-butanol-water (20:5030) 
Acetone-benzene-water (65:305) 
Benzene-1-butanol-pyridine (305:5) 
1-Butanol-methanol-acetone-diethylamine (90: 10: 10: 10) 
Butyl acetate-l-butanol-acetone-l0% ammonia (30:30:40: 10) 


fonamides in Table 111 were chromatographed with each system in Table 
11. 


DISCUSSION 


Evaluation of Individual Systems-To evaluate the systems 
objectively, it is necessary to assign a figure of merit to each of the 56 
systems remaining after the screening test. This assignment is done by 
calculating I, the information content, using a procedure analogous to 
the one introduced by Massart (31). The Rf range is divided into m Rf  
groups of given class width (e.g., 0.05 Rf unit); for each rn group, there 
is a distinct probability, P k ,  that the unknown sulfonamide will have an 
Rf value within the limits of this class. If there is an equal probability of 
occurrence for each sulfonamide in the set, the probability, Pk, of finding 
an Rf value from an Rf class containing rk members of the n that comprise 
the complete set equals rkln. 


The information content, expressed in bit, can then be described by 
Shannon’s (32) equation: 


(Eq. 1) 


For example, in System 1 (Table III), four Rf values are found in the first 
Rf class (0-0.04), one Rf value is found in the next class (0.05-0.09), etc. 
Therefore, the information content of the first Rf class equals - (4/22) 


By addition of the information content calculated for each class, a 
global information content value is obtained, characteristic of the merit 
of the chromatographic system under investigation. The information 
content (expressed in bit) of each one of the 56 systems remaining after 
the screening test is given in Table 111. 


Selection of an Optimal Combination of Two or More Systems- 


log2 (4/22) = 0.45. 


Stationarv Phase Reference 


Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica eel 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
- 
- 
- 
- 
- 
- 
- 
- 
- 


3,4 
5 
6 


3 
7 


- 


- 
- 
- 


7 


7,8 
7 ,8  
9 
3 


10 
3 
7 ,8  


11 
12 
12 
10 
10 
13 
14 
15 


- 


For the selection of an optimal combination of two or more chromato- 
graphic systems, i.e., a set of systems containing as much information 
as possible, two approaches have been proposed. A combination of the 
individually best systems is not necessarily appropriate, since often a 
number of those systems give the same information (correlated and, 
therefore, redundant information). 


The first approach is to consider every possible combination of two or 
more systems and to calculate the quantity of information obtained. Such 
a procedure was introduced to calculate the information content of 
combinations of stationary phases in GLC (33) and to compute “the 
discriminating power” for individual systems and for each combination 
of two, three, or four systems in chromatographic and spectroscopic 
procedures (34). 


The second approach is used here; it has the advantage of versatility. 
Comparisons of this method with the first approach (33,34) were pub- 
lished elsewhere (35,36). This second approach is based on the classifi- 
cation or clustering of chromatographic systems according to their re- 
semblance, i.e., according to similarities in their chromatographic be- 
havior. Similar systems are grouped into one class; from each resulting 
group (with dissimilar chromatographic characteristics), the individually 
best system can be chosen according to an evaluation criterion such as 
the information content. 


One such classification procedure is numerical taxonomy (NT). Its 
application was introduced recently to the choice of optimal sets of sol- 
vents in TLC (37). In classification by numerical taxonomy, an n X n 
similarity matrix is constructed, using, for instance, taxonomic distance 
(37,38) or correlation coefficients to measure the resemblance between 
each pair of systems. The reduction of this matrix can be carried out by 
various grouping techniques, e.g., by weighted (37) or unweighted (39) 
pair group methods using the arithmetic average. 


In a first reduction step, the most similar systems, i and j ,  are selected, 
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Table 11-Systems Selected after the Screening Test 


Number Solvent Stationary Phase Reference 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 


A10 


Ether 
1-Pentanol 
1-Butanol 
1-Hexanol 
Chloroform-methanol (6030) 
Chloroform-methanol (10030) 
Chloroform-methanol (8015) 
Chloroform-methanol (10010) 
Chloroform-ethanol (8015) 
Chloroform-2-propano1(8015) 
Chloroform-1 -butanol(80 15) 
Chloroform-1-propanol(8015) 
Chloroform-l-pentano1(80:15) 
Chloroform-acetone (5050) 
Chloroform-dioxane (8020) 
Chloroform-acetonitrile (5050) 
Chloroform-acetic acid (9010) 
Chloroform-hexanol(8015) 
Benzene-ethanol (8020) 
Benzene-ethanol (7030) 
Ether-methanol (9010) 
Ether+thanol(9010) 
Ethyl acetate saturated with water 
Ethyl acetate-methanol (9010) 
1-Butanol saturated with water 
1-Butanol-chloroforin-diethylamine (7070:lO) 
Chloroform-methanol-dimethylformamide (1001O:5) 
1-Butanol-formamide-water (501050) upper phase 
Methyl isobutyl ketone-acetone-25% ammonia (25:100:25) 
Chloroform-methanol-25% ammonia (90152.4) 
Chloroform-acetone-methanol-6 N ammonia (6010:25:0.5) 
25% Ammonia-1-methylpropanol-2-propanol-water (15:40405) 
25% Arnmonia-l-methylpropanol-2-propanol(1535:40) 
Ethyl acetate-methanol-25% ammonia (851515) 
Ethyl acetate-methanol-25% ammonia (85:30:25) 
Diethylamine-1 -methylpropanol-2-propanol-water (1 540:40:5) 
1 -Butanol-chloroform-methanol-25% ammonia (40: 15 1 5  15) 
1-Butanol-chloroform-acetone-diethylamine (90101010) 
Chloroform-methanol-acetic acid (9055) 
Chloroform-1 -butanol-petroleum ether (303030) 
Chloroform-1 -butanol-ether (101010) 
Chloroform-ethanol-pentane (35:3025) 
Chloroform-ethanol-heptane (101010) plus 1.5% water 
Chloroform-ethanol-heptane (1010 10) 
Chloroform-1 -butanol-acetone-formic acid (40: 1 0  1 0  10) 
Cyclohexane-acetone-chloroform-ethyl acetate-ethanol (5:10:20 
1-Butanol-water (1:l) 
Chloroform-methanol (7030) 
Methanol-water (968) 
1-Butanol saturated with water 
Chloroform-acetone (30:70) 
Acetone-25% ammonia (7525) 
Acetone-25% ammonia (8015) 
Ethyl acetate-methanol-25% ammonia (85 15:15) 
Methanol-1-pentanol-benzene-water (31:15:45:7) 
Acetone-methanol-25% ammonia (85:1510) 


Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 


:55) Silica gel 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 


16 
- 
- 
- 
- 
- 
7,8 


16,17 
- 
- 
- 
- 
- 
- 
3 
7 
- 
- 
- 
- 
- 
- 
12 


10 
19 
20 
10 
21 
22 
23 
9 
9 


6,18 


- 
- 
9 


24 
24 
3 


25 
26 


7 
27 
28,23 
15.17 
5 


29 
30 
29 
- 
- 
- 
- 


21 
- 
- 


i.e., the systems showing the smallest taxonomic distance, Aij, or the 
highest correlation coefficient, pi,. These systems are considered to form 
one group, i'. The similarity between group i' and all other systems (e.g., 
1) is then calculated as follows (for instance for weighted pair grouping 
of distances): 


Aijl = A(ij ) l  = 'h ( A i l  + Aji) (Eq. 2) 


A new (n - 1) X (n - 1) similarity matrix is constructed by reduction with 
one column and one row of the original matrix. This reduction is com- 
pleted when all systems are linked to another system or group of systems 
in one nonoverlapping hierarchic system of groups and subgroups, 
eventually depicted in what is called a dendrogram. 


Figure 1 represents the dendrogram resulting from a numerical taxo- 
nomic classification of the chromatographic systems in function of the 
taxonomic distance. Figure 2 shows the dendrogram in function of the 
correlation between the systems. 


Systems 3&38 (Table 111) are not taken into account for the numerical 
taxonomy classifications, because too many sulfonamides dissociate in 
two or more spots when developed with these solvent combinations. 


Successive breaking of the links on the lowest three levels of the den- 
drogram yields, consecutively, two, three, and four groups of systems. 


In Fig. 1, the individually best systems (i.e.,  with the highest information 
content) in each group are Systems 4 and A7, successively joined by 
Systems 29 and A9. A combination of these four systems allows identi- 
fication of 20 out of 22 sulfonamides. System 29, however, was selected 
out of a group consisting of only one element. Therefore, the possibility 
exists that the chosen system indeed shows a peculiar chromatographic 
behavior but, nevertheless, has a poor separating capability. 


To prevent this situation, Systems 29 and A9 are replaced by System 
A9 and one of the best systems out of the group formed by breaking off 
the link immediately following, or else by System A9 and a system that 
allows separation of both sulfonamides that could not be separated by 
the foregoing combination. Some of these systems are A4,32,33, and 45. 
A combination of Systems 4, A7, A9, and 45 (or 33,32, or A4) yields an 
optimal separation pattern in which all sulfonamides under investigation 
can be identified by their Rf  values. 


The dendrogram in Fig. 2 yields a similar conclusion. The classification 
followed by selection of systems with the described procedure leads to 
a combination of System 4 with A7, successively followed by Systems 29 
and A2 (two sulfonamides cannot be separated). Since System 29 is again 
selected out of a group containing only one element, the combination of 
29 and A2 is replaced by A2 and the most informative system out of the 
group on the level immediately following, i.e., System 45. The combi- 
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Figure 1-Classification obtained by weighted pair arithmetic average linkage numerical taxonomy with the taxonomic distance, A, as the similarity 
parameter. 
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.Classification obtained by weighted pair arithmetic average linkage numerical taxonomy with the correlation coefficient, p, as the Figure 2- 
similarity parameter. 
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nation of Systems 4, A7, A2, and 45 allows unambiguous identification 
of all 22 sulfonamides. 


CONCLUSION 


A practical conclusion is that, for the identification of sulfonamides 
by TLC, the following systems should be used in the order given: Systems 
4, A7, A9 or A2, and 45 or 33,32, or A4. 


The best of all systems investigated is a very simple one (only one 
solvent). This practical conclusion confirms the experience of many 
practicing TLC or paper chromatography specialists that there is often 
no need for complex, multicomponent solvent systems and that good or, 
as in this case, even the best results are obtained with simple, easy-to- 
handle systems. 


Our more general conclusion is that the use of formal methods for the 
evaluation and combination of TLC systems based on classification with 
numerical taxonomy, followed by selection of the individually best sys- 
tems, leads to an optimal set of silica gel and aluminum oxide systems. 
This set allows the complete qualitative identification of commonly used 
sulfonamides. 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants XXIX: Elimination Kinetics and 
Anticoagulant Activity of (S) - (-) - Warfarin in 
Rats before and after Chronic Administration 


AVRAHAM YACOBI and GERHARD LEVY 


Abstract 0 The kinetics of elimination and the anticoagulant effect of 
(S)-(-)-warfarin were determined in adult male rats before and after 
daily drug administration for 13 days. There was a small but statistically 
significant ( p  < 0.05) decrease in the body clearance of (S)-(-)-warfarin 
(from 4.84 to 4.37 ml/hr/kg) and an increase in the serum free fraction 
of racemic warfarin (added to serum in uitro) from 0.00850 to 0.0107 (p 
< 0.05). The concentration of @)-(-)-warfarin in serum at which the 
synthesis rate of prothrombin complex activity is one-half of the pre- 
warfarin rate increased from 0.532 to 0.655 pglml on the average ( p  < 
0.05). 


Keyphrases Warfarin-elimination kinetics and anticoagulant ac- 
tivity, effect of chronic administration, rats 0 Elimination kinetics- 
warfarin, effect of chronic administration, rats Anticoagulants- 
warfarin, elimination kinetics and activity, effect of chronic adminis- 
tration, rats Coumarins-warfarin, elimination kinetics and antico- 
agulant activity, effect of chronic administration, rats 


The coumarin anticoagulants act by inhibiting the 
synthesis of the vitamin K-dependent clotting factors I1 
(prothrombin), VII, IX, and X. This inhibitory effect is 
accompanied by the formation of so-called abnormal 
prothrombin in humans (1-4), oxen and cows (5-8), and 
rats (9-12). In humans treated with a coumarin antico- 
agulant, abnormal prothrombin can be detected within 
8-12 hr after drug administration and becomes the pre- 
dominant form of prothrombin in plasma after 24-84 hr 
(3). The earlier investigations suggested that abnormal 
prothrombin has no coagulant activity; more recently, it 
has become apparent that there are several abnormal 
prothrombins and that some do have activity, but con- 
siderably less than that of normal prothrombin (4, 8). 
Apparently, abnormal prothrombin is a precursor of nor- 
mal prothrombin and accumulates during treatment with 
coumarin anticoagulants, because these vitamin K an- 
tagonists interfere with the conversion of the precursor to 
its fully biologically active form (9,11,12). 


The clinical implications of the accumulation of ab- 
normal forms of prothrombin during chronic treatment 
with dicumarol or warfarin are not known. In view of the 
potential hazards of conducting such studies in humans, 


an investigation was carried out in rats to determine the 
relationship between the anticoagulant effect and the 
warfarin concentration in plasma before and after chronic 
drug administration. While the results may differ quan- 
titatively from those in humans, it is considered likely that 
they will reflect in principle the events that may be en- 
countered clinically. 


EXPERIMENTAL 


This investigation was carried out in five phases: ( a )  screening of rats 
for serum protein binding of warfarin, ( b )  administration of a single large 
dose of warfarin to rats whose serum free fraction of warfarin varied 
widely and determination of the time courses of drug concentration and 
anticoagulant activity in plasma, (c )  daily administration of a mainte- 
nance dose of warfarin to these rats for 13 days, ( d )  administration of a 
second large dose of warfarin and determination of the time courses of 
drug concentration and anticoagulant activity in plasma, and ( e )  deter- 
mination of serum protein binding of warfarin. 


A 3-ml blood sample was taken from the tail artery of 26 adult male 
Sprague-Dawley rats, and the serum was separated. The serum was 
spiked with racemic I4C-warfarin, about 1 pg/ml, and the free fraction 
was determined by equilibrium dialysis (13). 


Based on the results of the screening study, 12 rats with widely differing 
serum free fraction values for warfarin were selected. Their body weights 
ranged from 350 to 440 g during all phases of the investigation. They re- 
ceived a 0.6-mg/kg iv injection of 3H-(S)-(-)-warfarin (specific activity, 
1.43 mCi/mg). 


Blood samples (0.45 ml) were taken serially from the tail artery until 
prothrombin complex activity had returned to between 60 and 80% of 
the prewarfarin level. Plasma warfarin concentrations were determined 
by scintillation counting after extraction and TLC using a slight modi- 
fication of a previously described method (14). To 0.2-ml samples of 
plasma was added 5 pl of unlabeled (S)-(-)-warfarin, 1 mg/ml, in acetone 
solution. The samples were then acidified and extracted with 2.5 ml of 
ethylene dichloride from which 2 ml was evaporated under nitrogen for 
chromatography (14). Recovery of 3H-(S)-(-)-warfarin from spiked 
samples was 88.3 f 2.4% (mean f SD, n = 16) in the 0.013-6.33-pg/ml 
concentration range and was independent of concentration. Determi- 
nations of prothrombin complex activity and pharmacokinetic calcula- 
tions were carried out as previously described (14). 


After completion of the single-dose warfarin study, the rats received 
daily injections of 3H-(S)-(-)-warfarin, 83-98 pg/kg ip, for 13 days to 
maintain prothrombin complex activity synthesis rate (Ray”) at about 
30% of normal. 


Two days after the last maintenance dose, the rats received another 
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Kinetic Parameter Estimation by Numerical 
Algorithms and Multiple Linear Regression: Theoretical 


KUANG C. YEH 


Abstract A new method is presented for the determination of kinetic 
parameters based on a functional relationship among experimental data 
derived from the postulated model. The data, even though containing 
errors, are manifestations of this relationship, which should be satisfied 
by parameters fitted to the system. The procedure involves the use of 
numerical integration and/or differentiation of the data, followed by 
multiple linear regression. It does not require initial estimates or repet- 
itive iteration for linear systems and can be applied to nonlinear models. 
The accuracy of the estimated parameter depends on the goodness of the 
particular numerical approximation method used. 


Keyphrases 0 Kinetic parameters-estimated by numerical algorithms 
and multiple linear regression Models, mathematical-kinetic pa- 
rameters estimated by numerical algorithms and multiple linear re- 
gression 


The estimation of parameter values is essential in the 
analysis of many chemical kinetic, biochemical kinetic, and 
pharmacokinetic processes. The procedure involves the 
initial development of a model with the corresponding 
mathematical equations. The latter are then fitted, in a 
least-squares sense, to the experimental data by adjusting 
the parameter values. 


Computer programs were developed (1, 2) using non- 
linear regression procedures with modified Gauss-Newton 
methods (3, 4). The subject of nonlinear optimization 
methods was reviewed previously (5) and will not be 
elaborated here. Because of inherent difficulties associated 
with the nonlinear fitting procedure, such as the require- 
ment of good initial estimates and lengthy computations, 
other alternative methods were developed. A method was 
described (6) in which the differential (rate) equations are 
approximated by Picard's polynomials, while the experi- 
mental data are approximated by least-squares orthogonal 
polynomials. The parameters are then computed by 
equating the matching coefficients of the corresponding 
series. In this method, the computation time is greatly 
reduced by sacrificing some accuracy of the parameter 
estimates. 


A new procedure involves numerical differentiation by 
fitting smoothed least-squares polynomials to the data (7). 
The parameters are calculated algebraically from rate 
equations and then further improved by a nonlinear op- 
timization method. Because of the inherent difficulty in 
obtaining reliable derivatives, occasional divergence of the 
results occurs. The method is applicable to models where 
all dependent variables are experimentally measured. 
Other special methods include one for a biexponential 
equation where data points are equally spaced (8). 


The present paper describes a new general alternative 
method using linear regression analysis. The method is 
sufficiently flexible and applicable to many linear and 
nonlinear systems. 


THEORETICAL 


The principle of the method lies in the fact that experimental obser- 


vations, if error free, are not random outcomes. They are functionally 
related and are themselves manifestations of this relationship. This re- 
lationship is dictated by the empirical equations proposed to be consistent 
with the data. 


In reality, experimental data inevitably contain measurement errors, 
so manifestations of the relationships may be distorted or completely 
obscured. However, if errors are within some arbitrary tolerable limits, 
the relationships may still be discernible in the observed data and should 
be describable by parameters fitted to the system. 


The mathematical procedures include the use of numerical integration 
and/or differentiation of the experimental data as well as algebraic 
substitution of entities not observed. The use of numerical approximation 
methods is an attempt to reconstruct complete time profiles based on 
available information since most kinetic data are often obtained and 
presented as discrete data points. These manipulations are linear, and 
the resultant solution can be expressed as a linear function of a new set 
of independent variables generated by data transformation. Because of 
this linearity, they become amenable to the method of multiple linear 
regression for parameter optimization. The following examples illustrate 
the principle and procedures of the proposed method. 


Case I-In the reaction system shown in Scheme I: 


ki kg 


k 2  
B + C e D - E  


Scheme I 


reactants B and C form a reversible intermediate D ,  which is then con- 
verted into product E. The rate equations are: 


B = C = -klBC + kzD (Eq. 1) 


D = klBC - (k2  + k3)D (Eq. 2) 


E = k3D (Eq. 3) 


B(0) = Bo 0%. 4a)  


C(0) = co (Eq. 4 b )  
D(0) = E ( 0 )  = 0 (Eq. 4c)  


B(0 )  = B + D + E (Eq. 5a) 


c(0) = C +  D + E (Eq. 5 b )  
where B, C, D ,  and E are functions of time t and the dot accent denotes 
a first-time derivative. 


Mathematically, Eqs. 1-3 represent a linear transformation from [BC, 
01' into IB, C, 6, &I' as follows: 


with the initial values and mass balance constraints of: 


If B and C are assumed to be experimental observations, the unknown 


= (kz  + ks)[B(O) - B ]  - klBC - klk3 L ' B C  dt (Eq. 7) 


variable D in Eq. 1 can be eliminated by using Eqs. 3 and 5a (or 5b):  


Upon integration, Eq. 7 gives: 


B = B(0)  + (kz  + k3)[  B(O)t - &'. d t ]  


-k l  s' BC dt - klk3  s,' J t  BC d t  d t  (Eq. 8 )  
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In regression form, Eq. 8 may be written as: 


B = A0 + AlXl+ AzXz + A3X3 0%. 9) 


where Aj’s are regression coefficients, Xi’s are independent variables’, 
and: 


Ao = B(0) (Eq. 1Oa) 


A1 = k p  + k3 (Eq. lob)  


Az = -kl  (Eq. 1Oc) 


A3 = -klk3 (Eq. 10d) 


X I  = B(0)t - s,’B dt (Eq. l l a )  


X2 = s,’BC dt (Eq. l l b )  


X3 = x‘ X ‘ B C  dt dt (Eq. l l c )  


Equation 9 shows that the dependent variable B can be expressed as 
a linear function of the three independent variables, which can be esti- 
mated from observations B and C by any suitable numerical integration 
method. When appropriate weighting factors are assigned to the data 
points, the intercept and the three coefficients can be obtained by mul- 
tiple linear regression. The intercept represents the fitted initial value, 
and the three coefficients can be used to compute the three model pa- 
rameters. 


Equation 8 indicates that the experimental observations are not 
functions of time alone but are also the cumulative behavior of all pre- 
vious events. Therefore, it is important that the experimental data points 
be strategically located to minimize errors in numerical approximation. 
The variable C can be further eliminated by substitution if it is not an 
experimental observation. 


The present method does not consider each model parameter as a 
separate entity. The parameters are grouped together to form hybrid 
regression coefficients. When partial derivatives of the weighted sum of 
residuals with respect to coefficients are taken, the resultant normal 
equations are linear in the coefficients, yielding a unique set of coefficient 
values. By appropriate data transformation, the number of coefficients 
can be adjusted to equal the number of model parameters so that the 
resultant parameter values are also unique to the system. 


An important task in the present method is to obtain reliable numerical 
estimates of the independent variables. The trapezoidal method tends 
to produce systematic errors due to the nature of linear data interpolation. 
Polynomial interpolation has been successfully implemented in these 
laboratories using spline functions (9). Specifically, local data are fitted 
with serial cubic polynominal functions for sections of data that are 
theoretically differentiable. Other methods, including the Lagrange 
method, are available (10,ll).  


Case 11-For some systems, the procedure may involve direct scanning 
of parameters that are not linearly related. Consider the reaction shown 
in Scheme 11: 


k4 VmKm 
G L - F - + H  


k 5  


Scheme I I  


in which the reactant F forms the product H via Michaelis-Menten-type 
kinetics. Concurrently, the formation of intermediate G is reversible and 
first order. The reaction may be written as: 


. V,F H=- 
K,+F 


where V, is the maximum rate; K,, the nonlinear parameter of the 
system, is the Michaelis constant having the same dimensions as F. 


With the following initial values and the mass balance constraints: 


F(0)  = Fo (Eq. 15a) 


1 Although X-’s  are obtained by data transformation, they are considered inde- 
pendent variables so long a8 they are not linearly dependent. 


G ( 0 )  = H ( 0 )  = 0 


F(0)  = F+ G + H 


Eq. 12 can be transformed into: 


V,k5 ‘ F d t  - m L m  
or, in regression form: 


F = Ao + A l X l +  AzX2 + A3X3 


where: 


(Eq. 156) 


0%. 16) 


(Eq. 17) 


(Eq. 18) 


(Eq. 19a) 


(Eq. 19b) 


(Eq. 19c) 


(Eq. 19d) 


(Eq. 20a) 


(Eq. 20b) 


(Eq. 20c) 


Values for X1 can be obtained by numerical differentiation of the local 
data using spline interpolation or the polynomial smoothing technique 
(7). Numerical differentiation is a difficult procedure and requires great 
care to obtain reliable results. Values for Xp can be computed at each data 
point by assigning an arbitrary constant value to  K,. Values for X3 can 
be then estimated by numerical integration of XZ. Thus, for each assumed 
K,  value, the coefficients in Eq. 18 can be obtained by regression analysis 
after appropriate weights are assigned to the data. 


The corresponding Fo and the unknown constants kq, k5, and V,,, can 
be computed from Eqs. 19a-19d. By using this set of parameters, in- 
cluding K,, the theoretical values of F can be generated by any suitable 
means such as the Runge-Kutta method. The goodness of the fit can be 
measured by computing the weighted sum of the squares of residuals, 
SS, and scanning the SS values as a function of K,. Such a plot repre- 
sents a projection of the SS surface on the K, coordinate and has a 
unique minimum; it yields a corresponding set of best fit parameter 
values. 


Case 111-For a large body of kinetic data described by a nonspecific 
multiexponential equation of the form: 


Y =  5 ai exp (-A$) (Eq. 21) 


the intercept parameter ai and the exponent parameter Xi can be simi- 
larly estimated by using multiple integrals oft and Y (also see Appendix). 
This result is due to the special properties of the equation in that its de- 
rivatives and integrals are again multiexponential equations. For ex- 
ample, if n = 3, there are six undetermined constants and the regression 
equation takes the form: 


i = l  


6 


j -  1 
Y = C AjXj (Eq. 22) 


where: 


A1 = + + a3 (Eq. 23a) 


A2 = -qi& + 92.46 (Eq. 23b) 


AB = -91A6 (Eq. 23c) 


A* = -(hi + A2 + A,) (Eq. 24a) 


A5 = -(hiAz + AzA3 + A3Ai)  (Eq. 246) 


As = -(AiA2h) (Eq. 24c) 


x, = 1.0 (Eq. 25a) 


x2= t (Eq. 25b) 
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1 
2! 


x3 = - P  


X 4 =  X Y d t  


X 5 =  x' l t Y d t d t  


Xg = s,' l' J' Y d t  dt dt  


plicated methods. A recent report (18) indicated that parameters ob- 
tained by the present method agreed well with those obtained by Pfeffer 
(19), using the spectinomycin pharmacokinetic data of Wagner et al. 


Another advantage is that solutions to many linear systems, which may 
be difficult to  obtain, are not required. For nonlinear systems where ex- 
plicit solutions are not available, the use of the Runge-Kutta procedure 
does not represent a new complicating factor in the present method since 
it is a well-established technique. 


(Eq* 25c) 


(Eq. 25d) (20). 


(Eq. 25e) 


(Eq. 25f)  


x 3  + A ~ x '  - A ~ x  + Ag = 0 (Eq. 271 


General methods of finding roots of nth-degree polynomial equations 
can be found in many text books (10,12). Computer subroutines are also 
available (13). A cubic equation can also be solved by using the trigono- 
metric method (14). The three intercept parameters can be obtained by 
solving Eqs. 23a, 26a, and 266, which represent a system of three si- 
multaneous equations in three unknowns where 41 and q z  can be com- 
puted from Eqs. 236 and 23c. 


DISCUSSION 


The goodness of the estimated parameters depends on the accuracy 
of the calculated X j  values. For a given set of X j  values, the proposed 
method yields a unique set of parameter values. For this reason, it is 
important to choose a reliable empirical function that can best numeri- 
cally approximate the true, but unknown, function. Of the several nu- 
merical approximation methods, such as least-squares polynomials (7), 
the Akima method ( l l ) ,  spline functions (15,16), or modified splines (17), 
spline functions have been tested and found to be a convenient procedure 
(16). 


Splines are ideal in the estimation of areas because the errors they 
generate are usually small and less biased and the effects of fluctuation 
in input data are usually dampened by numerical integration. However, 
since some X j  values are obtained by data transformation, they are not 
error free. The errors are related to those of the input data. Currently, 
the statistical aspect of the present method is under investigation. 


While integration is a smoothing operation, numerical differentiation 
is a rather hard and undesirable one. It tends to magnify even small noises 
in the data. Thus, when it is used to obtain X I  values of Eq. 17, large er- 
rors should be anticipated. The least-squares polynomials (7) are usually 
more satisfactory but do not completely eliminate the problem. Because 
of the unreliability, application of numerical differentiation should be 
monitored carefully or avoided whenever possible. For example, the F 
in Eq. 17 may be eliminated by further integration to yield a new re- 
gression equation after rearrangement. In any event, the estimated pa- 
rameters may be refined further by using a nonlinear regression proce- 
dure. 


In nonlinear regression, parameters are often searched by iteration in 
confined parameter spaces to prevent meaningless results. On the other 
hand, no constraints are imposed on parameters in the present method. 
Thus, unexpected solutions, such as negative rate constants, may occur, 
but this result does not imply that the method is inadequate. Rather, it 
may suggest that the model is inadequate for the data or that large and/or 
systematic errors have been introduced in some calculated X j  values. In 
cases such as multiexponential equations, such inconsistencies may lead 
to the formation of Xi parameters in conjugated complex form. 


Implicit in the application of the proposed method is that each data 
point should be single valued so that the corresponding X j  values are also 
single valued after numerical integration or differentiation. For replicate 
observations, the data should be fitted with smoothing least-squares 
polynomials (7) or least-squares splines as described by Wold (15). The 
fitted curve can be used to calculate the required X j  values. 


In essence, the present method is predicated on the recognition that, 
for a given kinetic system, there is one unique functional relationship 
among all experimental data. The data are conceptually tied together 
to form one or more continuous strings and then utilized in one regression 
step to obtain the best fit parameters. Therefore, the algorithm is greatly 
simplified, resulting in high efficiency in data processing. The estimated 
parameters are also comparable to those obtained by other more com- 


Y = Za, exp ( - A , t )  0%. A l )  


the following notations are defined: 


qi = Z(a,/A,) (Eq. A2) 


q 2  = Z(a, /h ,Z)  (Eq. A3) 


43 = Z(a , /AL3)  (Eq. -44) 


(Eq. A5) 


(Eq. 146) 


s2 = XiXk = sum of product of Xi taken two at  a time (Eq. A7) 
i f k  


s g  = sum of product of Xi taken three at  a time (Eq. A81 


sn = nA, (Eq. A9) 


Q1 = Z(ai/Xi) exp (-A$) (Eq. A10) 


Q 2  = Z(ai/Ai2) exp(-Xit) (Eq. A l l )  


Q 3  = Z(ai/Xis) exp(-Ait) 


Qn = Z(ai/Xin) exp(-Ait) 


(Eq. A12) 


(Eq. A13) 


R1=  J' Y d t  (Eq. A14) 


R2 = L ' R 1  dt 


Rx = it R2 dt 


(Eq. A15) 


(Eq. A161 


R, = $,'Rn-l dt (Eq. A17) 


As can be seen, both qi's and si's are time-independent constants while 
Ri's and Qi's are functions of time t .  In addition, Ri's are obtained by 
successive integration and are related to Qi's as follows: 


In the case of n = 2, Eqs. A6-A9 yield: 


s1 = A1 + Xz 


sz = X1X2 


(Eq. A22) 


(Eq. A23) 
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Multiplying both sides of Eq. A18 by (1/X1 + 1/X2) yields: 


4 


j =  1 
Y = C AjXj (Eq. A27) 


whereAl= a1 + a2, A2 = -qiA4, A3 = - ( A 1  + Xz), Ad = -(XlX2), X I  = 
1.0, X2 = t ,  X s  = J f ,  Y dt,  and Xq = J k  X3 dt .  


This procedure may be applied to other cases. For example, if n = 3, 
then: 


s1 = X1 + A2 + A3 (Eq. A28) 


~2 = XlXz  + + (Eq. A29) 


and: 


~3 = X1X2X3 (Eq. A30) 


Multiplying Eq. A19 by (1 /X1+  1/X2 + 1/X3) yields: 
R 2 ( - + - + - ) = ( q l t - q 2 ) ( z + - + -  1 1 1  1 1 1  1 1  


A1 Xz A3 X 2  13 
(Eq. A31) 


which, when expanded, gives: 


+ - + - (a3/X?) exp(-X3t) (Eq. A32) (il :,> 
Equation A32 is simplified, yielding: 


szRz = sz(41t - q2) - S 3 ( R 3  - ‘/2 q1t2 + qzt - 4 3 )  
+ Sl(qi - R1) - Y (Eq. A33) 


or: 


Y = (a1 + a2 + a31 + ( s m  - S3qZ)t + ‘/z s3q]t2 


Equation A34 can be written in the following regression form: 


-siRi - S&* - ~ 3 R 3  (Eq. A34) 


6 


j =  1 
Y = C AjXj (Eq. A35) 


where A1 = a1 + a2 + a3, Az = -Asq1 + AGqz, A3 = -A691, A4 = - ( A l  


= t ,  X3 = l/z t 2 ,  X4 = i f , Y  dt ,  X s  = 1; X4 d t ,  and x6 = f f ,  X s  d t .  


gression equation can be proved to take the following general form: 


3- Xz + X3), Ag = - ( X I X ~  4- + A6 = -(X1X&), xi = 1.0, xz 
Thus, Eq. A35 is identical to Eq. 22 in the text. By induction, the re- 


2n 


j =  1 
Y = 1 AjXj (Eq. A36) 


Equation A36 has some distinct properties. First, there are two series 
in Xi: consecutive integrals o f t  and those of Y .  Analogously, A, can also 
be separated into two series: (a)  functions of both the intercept param- 
eters ai and exponent parameters Xi, and ( b )  strictly functions of Xi only. 
Finally, the first term AlXl  in Eq. A36 can be viewed as the intercept of 
the fitted curve. In a special situation where the multiexponential func- 
tion is constrained to pass through zero, the regression equation contains 
only 2n - 1 terms rather than 2n terms. This is due to the disappearance 
of the AlXl  term since A1 is forced to be identically zero, and there are 
only 2n - 1 unknown parameters in the original multiexponential 
equation. 
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Abstract 0 The enteric film coating of placebo tablets, using a meth- 
acrylic acid-methyl methacrylate copolymer as the film former in the 
coating solution, was studied by statistical techniques. The effects of four 
independent formulation and process variables on the disintegration time 
of the coated film in simulated intestinal fluid and on the resistance to 
disintegration of the coated film in simulated gastric fluid were studied. 
The results of a statistically designed set of experiments were used as the 
input data. Regression analysis of these data resulted in two first-order 
polynomial equations. The linear model obtained for the disintegration 
time of the coating in the simulated intestinal fluid was analyzed by the 
steepest descent method to determine the most suitable combination of 
the independent variables. 


Keyphrases 0 Tablets-enteric film coating with methacrylic acid- 
methyl methacrylate copolymer, disintegration time, mathematical model 


Film coating, enteric-with methacrylic acid-methyl methacrylate 
copolymer, tablet disintegration time, mathematical model 0 Models, 
mathematical-disintegration time of tablets with enteric film coating 
of methacrylic acid-methyl methacrylate copolymer IJ Disintegration 
time-tablets with enteric film coating of methacrylic acid-methyl 
methacrylate copolymer, mathematical model 0 Methacrylic acid- 
methyl methacrylate copolymer-enteric film coating of tablets, disin- 
tegration time, mathematical model 0 Dosage forms-tablets with en- 
teric film coating of methacrylic acid-methyl methacrylate copolymer, 
disintegration time, mathematical model 


Much research in pharmaceutics has concerned the re- 
lationship between the controllable formulation and pro- 
cess (independent) variables and the characteristics of the 


resultant system (response). An empirical relationship can 
be developed with data from statistically designed ex- 
periments. The relationship between the independent 
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Table I-Levels of Formulation and Process Variables in 
Physical Units 


Lower Base Higher 
Level, Level, Level, 


Variable -1 0 +1 


xi  = film-former concentration (one 4.4 5.4 6.4 
experimental unit = 1%) 


experimental unit = 0.5%) 


solution (one experimental unit = 20 
min) 


experimental unit = 5 sec) 


x2 = plasticizer concentration (one 1.0 1.5 2.0 


x3 = totat spraying time of coating 40 60 80 


x4 = length of drying interval (one 10 15 20 


variables can be optimized to obtain the best combination 
of formulation and process variables. Mathematical models 
for optimization of pharmaceutical formulation and pro- 
cessing were reported previously (1-3). 


The purpose of this study was to develop a mathematical 
model for the enteric film coating of tablets with a widely 
used film former, a copolymer’ based on methacrylic acid 
and methyl methacrylate, using a spray gun, a drier, and 
the conventional coating pan. 


THEORY 


Statistically designed experiments2 were performed to derive a 
mathematical model for the optimization of the film-coating technique. 
The experimental design is dependent on the number of variables. For 
four independent formulation and process variables (Table I) (4), a 
half-factorial orthogonal design at two levels with four replicated center 
points requires 12 experiments (Table 11). 


The first eight experiments represent a half-factorial design for four 
factors at two levels resulting in eight (0.5 X 24) trials. The additional four 
trials represent the replicated center points. The two levels here are 
represented as +I and -1. Level zero represents the base level. Experi- 
ments 9-12 are included to calculate the experimental error. 


The type of predictor equation resulting from such a study was a 
first-order polynomial having the form: 


yj = bo + biz1 + bzxz + b 3 ~ 3  + b 4 ~ 4  (Eq. 1) 


where y, = response variable, bi = regression coefficients for first-order 
polynomial, and x i  = independent variable. Such an equation can be 
generated for each dependent variable, relating it to the set of four in- 
dependent variables. 


To estimate the path of steepest descent, the gradient of the linear 
relation given by Eq. 1 can be written as: 


= (bi, bz, . . . , bk) = b, (Eq. 2) 


where i = 1,2, .  . . , k. Thus, the change in x i  in the path of steepest de- 
scent is proportional to -bi, because it moves in the direction - v y ( x l ,  
x2, . . . , xk). In computations, one variable was selected as a standard and 
the changes in the other variables corresponding to a A change in the 
standard variable (A is the step size) were computed. 


EXPERIMENTAL 


The four independent formulation and process variables selected are 
defined in Table I. The length of the drying interval, x4, was measured 
as the time interval the coated tablets were dried in the pan by the drier. 
The film former was a methacrylic acid-methyl methacrylate copolymer; 
the plasticizer was dibutyl phthalate3. Apart from the film former and 
the plasticizer, the coating solution consisted of isopropyl alcohol (its 


Eudragit L, Rohm Pharma GmbH, Darmstadt, Germany. 
A discussion of statistical design methods can be found in W. G. Cochran and 


G. M. Cox, “Experimental Designs,” Wiley, New York, N.Y., 1957. 
This plasticizer is recommended in “Eudragit Lacquers for Tablet Coating,” 


Rohm Pharma GmbH, Darmstadt, Germany. 


Table 11-0.5 X z4 Fractional Factorial Orthogonal Design 


Levels of Controlled Variables in Coded 
Form 


ExDerimen t X7 x 9  x 7  X A  


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 ~. 


11 
12 


-1 
+1 
+1 
-1 
+1 
-1 
-1 
+1 


0 
.O 
0 
0 


-1 
+1 
-1 
+1 
-1 
+1 
-1 
+1 


0 
0 
0 
0 


-1 
-1 
+1 
+1 
-1 
-1 
+1 
+1 


0 
0 
0 
0 


-1 
-1 
-1 
-1 
+1 
+1 
+I 
+1 


0 


t }  0 


Replicated center points. 


Table 111-Liquid Tolerance of Tablets with Solutions Having 
Different Concentrations of Film Former and Plasticizer 


Concentrations in Tolerance, 
Solutions, % sec/500 g Visual 


Formula Film Former Plasticizer of Tablets InsDection 


A 5 1 20 Smooth 
B 10 1 25 Not smooth 
C 5 2 20 Smooth 


25 Not smooth D 10 2 


percentage was changed with the amounts of film former and plasticizer 
added), acetone (40% w/w), water (1.5096 w/w), and a soluble dye (D&C 
Orange No. 4,0.01% w/w). 


The placebo tablets were composed of lactose, starch, gelatin solution, 
and magnesium stearate. The tablets were compressed on 2.65-mm deep 
concave punches and had an average thickness of 7.50 mm. The tablets 
were nonfriable with an average weight of 760 mg and an average hardness 
of 8.0 kg. The coating apparatus consisted of a conventional bench-type 
copper coating pan with 25-cm diameter and 30-rpm rotational speed. 


The spraying unit consisted of a compressed air, hand-operated spray 
gun, but compressed nitrogen gas was used instead of compressed air. 
The nitrogen pressure was maintained at  0.4-0.5 atm in all experiments. 
The spray unit was arranged so that the spray jet met the falling cores 
in the upper part of the pan. It was fixed rigidly by means of clamps on 
a stand at  the side of the pan opening approximately 20 cm from the 
surface of the rotating tablet bed. The drying unit consisted of a hair drier 
giving warm air a t  approximately 50’. The duration of the spraying and 
drying cycles was adjusted manually with the help of a stopwatch. 


Since the main objective of the coating operation was to envelop the 
core tablets in a polymeric film, it was decided to determine the quantity 
of solution that would render the process inoperative. The amount of 
film-coating solution for a single application of the spray gun that a given 
weight of tablets could tolerate was determined. The amount of solution 
was measured as the length of spraying in seconds. The spray rate was 
kept constant (2.30 g/min) by adjusting the nitrogen gas pressure and 


Table IV-Disintegration Time Results of the Film Coat 


Resistance to 
Disintegration in Disintegration in 


Simulated Simulated 
Gastfic Fluid, min 


ExDeriment“ Mean Time SD Mean Time SD 
Intestinal Fluid, min 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 


6 0.447 60 8.166 .. 


14 1.080 175 10.165 
20 0.913 200 11.402 
15 0.533 280 9.661 
13 0.632 180 5.477 
8 0.730 120 17.512 


16 0.447 250 12.780 
28 1.414 420 0.000 
14 0.913 180 11.547 
14 0.775 200 10.488 
15 1.169 220 14.491 
17 0.816 240 18.074 


~ 


For each experiment, 16 tablets were tested. 
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Table V-Path of Steertest Descent and Predicted Resmnses 
~ ~ ~ __ ~~ 


Predicted 
Level Levels of Variables in Units Responses 


Path % % rnin sec X I  319 X.? x4 rnin min 
on x1, x2, X3’ x4, Coded Levels of Variables Y !. Y 2, 


0 6.4 1.5 ~~ 


1 5.3 1.483 
2 5.2 1.466 
3 5.1 1.449 
4 5.0 1.432 
5 4.9 1.415 
6 4.8 1.398 
7 4.7 1.381 
8 4.6 1.364 
9 4.5 1.347 


10 4.4 1.330 


60 
57.467 
54.934 
52.401 
49.868 
47.335 
44.802 
42.269 
39.736 
37.203 
34.670 


15 
14.833 
14.666 
14.499 
14.332 
14.165 
13,998 
13.831 
13.664 
13.497 
13.330 


0 
-0.1 
-0.2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.7 
-0.8 
-0.9 
-1.0 


the controls of the spray gun. Coating solutions with different composi- 
tions were applied to the tablets in the rotating pan until the tablets 
adhered to the pan and to one another and could not be separated without 
breaking the deposited film. The length of the spraying interval a t  this 
point was taken as the liquid tolerance. 


The results of these experiments (Table 111) showed that the concen- 
tration of film former in the coating solution affected the appearance of 
the coated tablets greatly. Smooth coatings were obtained with a film- 
former concentration of 5% but not 10%; a 7% concentration was selected 
as the maximum. A study of the plasticization of the polymeric materials 
led to the selection of the 1-2% range for the dibutyl phthalate concen- 
tration (5,6). The total spraying time of the coating solution was varied 
between 40 and 80 min. 


During the liquid tolerance experiments, it was observed that the re- 
sidual film on the tablets dried between 10 and 20 sec. The length of 
drying was shorter for solutions with low film-former concentrations and 
longer for solutions with high film-former concentrations. Therefore, the 
levels chosen for study were 10 and 20 sec (Table I). 


In each experiment, a batch size of approximately 500 g of placebo 
tablets was coated. The coating solution was sprayed onto the tumbling 
tablets for 20 sec and then dried with warm air according to the length 
specified in each experiment. This spray-dry cycle was repeated several 
times until the total spraying time specified was reached. 


Other process and formulation conditions including the spray rate, the 
temperature of the coating solution and tablet bed, the solvent system, 
and the amount of additives in the solution were the same for each 
trial. 


After each experiment, samples of coated tablets were evaluated for 
disintegration in the USP disintegration apparatus (7) by placing the 
tablets into simulated intestinal fluid (7) and simulated gastric fluid (7). 
The end-point was taken when the first distinct signs of film disinte- 
gration, rupture, separation, or softening were evident. 


RESULTS AND DISCUSSION 


The mean values of the disintegration time in the simulated intestinal 
fluid and the resistance time to disintegration in the simulated gastric 
fluid were taken as the true values of the corresponding response at that 
experimental point. These values were then used in the statistical analysis 
to determine the regression equation for each response. The mean dis- 
integration times and the standard deviations of the experiments are 
shown in Table IV. 


Model for Disintegration of Film Coat in Simulated Intestinal 
Fluid-The fitted first-order polynomial model obtained as a result of 
the 0.5 X 24 fractional factorial design is: 


Y1 = 15.000 t 3.75OX1 + 1.250312 t 4.750~3 + 1.250~4 (Eq. 3) 


where yl is the disintegration time of the film coat in the simulated in- 
testinal fluid. A lack of fit test assuming a 95% F distribution led to the 
conclusion that the fitted model was adequate to represent the response 
function. The hypothesis that b, = 0 for all four independent variables 
assuming a 95% F distribution was rejected. The ANOVA results showed 
that all regression coefficients were significant, assuming a 95% F dis- 
tribution. The model had R2 = 94.64%, measuring the percent fit of the 
model. 


Model for Resistance of Film Coat to Disintegration in Simulated 


0 
-0.034 
-0.068 
-0.102 
-0.136 
-0.170 
-0.204 
-0.238 
-0.272 
-0.306 
-0.340 


0 0 15.00 209.583 
-0.127 -0.033 13.938 193.791 
-0.254 -0.067 12.874 177.967 
-0.381 -0.100 11.812 i62.175 
-0.508 -0.134 10.749 146.351 - . -. - - - 
-0.635 -0.167 -9.687 130.560 
-0.762 -0.200 8.625 114.769 
-0.889 -0.234 7.561 98.945 
-1.016 -0.267 6.500 83.154 
-1.143 -0.301 5.437 67.328 
-1.270 -0.334 4.374 51.537 


Gastric Fluid-The fitted first-order polynomial model for this response 
is: 


Y Z  = 209.583 + 34375x1 4- 39.37522 + 78.125~3 t 33.125~4 (&. 4) 


where yz is the resistance time to disintegration of the film coat in the 
simulated gastric fluid. A lack of fit test assuming a 95% F distribution 
led to the conclusion that the fitted model was adequate to represent the 
response function. The hypothesis that bi = 0 for all four independent 
variables assuming a 95% F distribution was rejected. The ANOVA re- 
sults showed that all regression coefficients were significant, assuming 
a 95% F distribution. The model had R2 = 89.76%. 


Determination of Optimum Combination of Factor Levels-After 
obtaining the first-order regression equations for the two responses, one 
had to find the optimum combination of factor levels that satisfied the 
following constraints: 


1. The film coat should disintegrate in the simulated intestinal fluid 
within 10 rnin (v l<  10 rnin). Past experience showed that with this choice, 
when the active material is inserted into the tablets, the tablets as a whole 
disintegrate within the desired time limit. 


2. The film coat should resist disintegration in the simulated gastric 
fluid for at least 1 hr (7) t y 2  > 60 rnin). To satisfy these constraints, rather 
than selecting random values for the x ’ s  and finding the corresponding 
y’s, the steepest descent method was employed. 


When the coded base levels of the four independent variables (0, 0, 0, 
and 0) were inserted into the response functions, y1 = 15.000 min and y2 
= 209.583 min. Response y1 had to be decreased to satisfy the constraint 
of y1< 10 min. The value of yz at the base levels of the x’s satisfied the 
constraint set on yz. 


The steepest descent procedure was applied on the regression equation 
ofyl. A step size of a 0.1% change in the film-former concentration, x,, 
was used. Then the respective Y 1, x2, x 3 ,  and x4 values were obtained. By 
inserting the coded values of the x’s into the two regression equations, 
corresponding y1 and y2 values a t  those points were predicted (Table 
V). 


More than one combination of variables satisfied the restrictions set 
on y1 and y2 within the experimental region (Table V). The factor levels 
on the eighth trial were selected as the most suitable combination, giving 
the lowest predicted value for y1 and satisfying the restriction set on yz  
within the experimental region, although the level of x 3  was negligibly 
below the lower limit (40 min) in the experimental design. An experiment 
was carried out using the selected levels in the same manner as previous 
experiments. The values of x3 and x4 were rounded to 40 rnin and 14 sec, 
respectively, since measuring the time in fractions was quite impossible. 
The experimental results, as the mean values for the disintegration 
measurements, were y1= 6.375 rnin and yz  = 80.000 min. The predicted 
values for the two responses were y1 = 6.660 rnin and yz = 86.623 min. 
Applying a two-tailed t test a t  the 5% significance level to the disinte- 
gration in the simulated intestinal fluid, with n = 16 and s = 0.587, and 
to the resistance to disintegration in the simulated gastric fluid, with n 
= 16 and s = 12.712, showed that experimental and predicted results were 
in good agreement. 
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Degradation of Carmustine in Aqueous Media 


PAUL A. LASKAR” and JAMES W. AYRES 


Abstract 0 The degradation rate of carmustine was investigated in 
buffered aqueous media at several pH values. The buffering agents 
studied were those with potential use in parenteral formulations of this 
drug: acetate, citrate, and phosphate. The apparent first-order degra- 
dation rate constants were calculated using a linear regression procedure. 
A pH range over which minimum degradation occurred was ascertained. 
General acid and specific base catalysis was demonstrated for the degra- 
dation of carmustine. From the data a t  5,22, and 37’, the apparent ac- 
tivation energies for carmustine degradation in buffered aqueous media 
were computed and were strongly pH dependent. 


Keyphrases Carmustine-degradation rate in aqueous media, effect 
of pH and temperature Degradation rate-carmustine in aqueous 
media, effect of pH and temperature 0 Antineoplastic agents-car- 
mustine, degradation rate in aqueous media, effect of pH and tempera- 
ture 0 Stability-carmustine in aqueous media, effect of pH and tem- 
perature 


Drugs for the treatment of neoplastic disease have re- 
ceived a great deal of attention. Several thousand chemical 
agents are systematically screened each year for antineo- 
plastic activity, but only a small percentage exhibit activity 
and are tested further for clinical utility. Carmustine 
[ 1,3-bis(2-chloroethyl)-l-nitrosourea; NSC 4099621 (I) was 
effective in treating L-1210 leukemia, including cases 
where the central nervous system was involved (1-4). 


Prior to the interest in I as a therapeutic agent, a study 
indicated that 1-methyl-1-nitrosourea (NSC 23909) (11) 
was unstable in aqueous solution (5), as was a nitrosam- 
ide-containing antibiotic, streptozocin, (6). The kinetics 
of I degradation were considered, and this compound also 
was unstable in aqueous media (4,7). 


Because I is often administered via intravenous solution 
(8, 9), further consideration of its stability in various 
aqueous media suitable for intravenous use is desirable. 
In addition, knowledge of the temperature dependence of 
the degradation of I is needed to obtain useful shelflife data 
and to determine desirable storage criteria. Furthermore, 
knowledge of acid or base catalysis also may be of value in 
formulating I. 


The few published studies directed toward optimizing 
a parenteral formulation for I emphasized technological 
considerations such as lyophilization of drug solutions and 
dry filling with sterile solids (10-12). A formulation for 
clinical use was prepared by dry filling vials with sterile 
solid I and sterile, screened mannitol (11, 12). Alterna- 
tively, a solution of I in absolute ethanol was filtered 


through a 0.25-pm membrane and lyophilized (10, 11). 
These formulations should be used within 1 and 2 hr, re- 
spectively, following reconstitution with ethanol and 
dilution with saline (10,12). 


The purpose of this investigation was to perform ac- 
celerated stability studies on I in various aqueous media 
suitable for injection. 


EXPERIMENTAL 


Reagents-Carmustine, an investigational new drug, was obtained1 
as a lyophilized powder. All other chemicals were reagent grade. 


Materials and Methods-All buffers and other solutions were pre- 
pared in volumetric flasks. Distilled water used for dissolving the basic 
component of the buffer systems was freshly boiled and cooled. Unless 
noted otherwise, solutions were stored at ambient temperature. Com- 
pound I, 0.025 g (stored at -19 f lo), was dissolved in sufficient cold (OO) 
ethanol to make 25 ml of stock solution. The stock solutions were stored 
at -19 f 1’ for not longer than 7 days. 


Buffer solutions were prepared using published procedures (13,14). 
All buffer solutions were checked for conformance to the desired pH using 
a pH meter calibrated at ambient temperature (20-22O) with a pH 
standard. When necessary, the pH was adjusted to within 0.05 pH unit 
of the nominal value with either the acidic or basic component of the 
buffer. 


Degradation Experiments-All solvent systems were preequilibrated 
to the experiment temperature. For ambient (22 f 1’) and physiological 
(37.0 * 0.5”, forced-air oven) temperature experiments, the media were 
first allowed to equilibrate for a t  least 16 hr. For experiments at reduced 
temperature, the media were first chilled in a ice bath (1.0 f 0.5’) for at 
least 15 min. 


To a volume (-40-45 ml) of preequilibrated media was added 1.0 ml 
of I stock solution (1 Wglml). Then the volume was brought rapidly to 50 
ml with the appropriate medium, the mixture was shaken, and the time 
was recorded. A zero-time sample (0.2 ml) was taken for analysis, and the 
experimental solution was stored at the appropriate temperature. At  
designated time intervals, a sample volume (0.2,0.5,1.0, or 2.0 ml) was 
removed for analysis. 


The criterion used to determine the sample size was that the apparent 
concentration should not fall below 1.0 pglml or exceed 5.0 Wg/ml; the 
optimum range was 2-4 pg/ml to be well within the linear portion of the 
calibration curve. The sampling time interval depended in part on a 
previously observed or expected degradation rate. 


Analytical Method-The colorimetric method of Loo and Dion (15) 
was utilized. The use of any substance that might interfere with the an- 
alytical method was scrupulously avoided. 


An experimental sample volume not greater than 2.0 ml or estimated 
to contain between 1 and 5 pg of I/ml was added to a 17 X 150-mm Pyrex 
test tube. If necessary, sufficient distilled water was added to yield a total 


1 Merck Chemical Co. (through the National Cancer Institute). 
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resulted in an extent of bioavailability of a t  least that  of the standard. 
The in  uitro test revealed acceptable tablet properties with respect to 
weight uniformity, friability, and in  uitro drug release. Considering the 
simple methodology employed in the manufacturing of direct compres- 
sion tablets, this technique and the direct compression mass tested have 
a high potential for commercial use of a quality product. 
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Mathematical Model for Cyclocytidine Pharmacokinetics 


K. J. HIMMELSTEIN *x and J. F. GROSS * 


Abstract 0 The pharmacokinetics of the drug cyclocytidine in humans 
were modeled by using a physiological and anatomical approach. Each 
pertinent tissue is represented by a single compartment, and these 
compartments are linked together by the circulatory system. Each 
compartment is then represented by an ordinary differential equation 
that represents the rate of change in drug concentration as a function of 
convecting transport, metabolism, and urinary clearance. The models 
for cyclocytidine and cytarabine are linked together by a hydrolysis term 
in each equation set. The resulting equation sets are then solved nu- 
merically to predict the concentration of both drug species in. situ. The 
models use physiological blood flows, tissue volumes, and clearance pa- 
rameters. The results of the model show that cyclocytidine can act as a 
reservoir for cytarabine in  uiuo over the time studied. This effect is 
confined to  relatively long times and relatively low plasma concentra- 
tions. 


Keyphrases Cyclocytidine-pharmacokinetics in humans, mathe- 
matical model Pharmacokinetics-cyclocytidine in humans, mathe- 
matical model Models, mathematical-cyclocytidine pharmacokinetics 
in humans 


Cytarabine (I) (NSC-63878), an effective antileukemic 
agent (1-3), has a very short half-life because of its rapid 
deamination to a biologically inactive compound. 02,2'- 
Cyclocytidine (11) (NSC-145688), which is structurally 
similar to I, was more effective than I in several animal 
tumor systems (4,5). The efficacy of I1 may be due to its 
hydrolysis to I (6). If so, its effects may be strongly related 
to the pharmacokinetics of both I and I1 in uiuo. 


The enhanced cytotoxic effect of I1 could possibly be due 
to its slower urinary clearance compared to the elimination 
of I by deamination and kidney clearance. Thus, I1 could 
act as a reservoir for the production of I in uiuo. This paper 
presents a mathematical model to study the distribution 
and hydrolysis of I1 to I in uiuo. This model demonstrates 
that the pharmacokinetic characteristics of I1 are impor- 
tant to its effective usage. 


PHARMACOKINETIC MODEL 


The model, an extension of the work by Dedrick et al. (7,8), is based 
on the principle that  anatomical and physiological parameters should 
be included to reflect biochemical interactions of the drug. The rationale 
for modeling on this basis as opposed to classical compartmental analysis 
was developed previously (9-15). 


By using compartments to represent real organs, the actual blood flows 
and physiological volumes as well as terms to include metabolism, urinary 
clearance, and binding can be included. Thus, when the model is com- 
plete, i t  can provide predictive capability derived from a quantitative 
physiological and pharmacological basis. Since a model for the pharma- 
cokinetics of I was described in detail (7,8,16), only key assumptions that 
deal directly with changes for the inclusion of I1 are discussed. 


Scheme I represents the flow diagram of the various compartments 
used in the model. Each compartment represents a real organ, with the 
anatomical volume experimentally measured independently. The organs 
are contained in a network representing the systemic blood circulation. 
The blood flows are also measured independently for each compartment. 
A drug mass balance represents the rate of change of the mass of drug in 
the compartment as a function of the convective inflow and outflow rates, 
the metabolism rate, the elimination rate by urinary or other clearance, 
and the rate of drug introduction from external sources. 


Dedrick et a2. (7,8) used the following assumptions to write differential 
equations describing the pharmacokinetics of I. Each organ is a volume 
of distribution for the drug, and deamination can be represented by a 
Micbaelis-Menten expression. Urinary clearance is directly proportional 
to the concentration in the blood. For 11, a similar compartmental network 
is considered. Since the chemical structures of I1 and I are closely related, 
i t  is assumed that they will act similarly, with no gross differences in 
distribution and urinary clearance from the body. 


Compound I1 is not deaminated in  uiuo (17), and hydrolysis of I1 to I 
is assumed to take place in all tissues. Thus, a production term for I is 
included in each balance that is first order in I1 concentration (16). The 
balance equation on the blood compartment for I is: 
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where V represents the compartment size in milliliters, C represents the 
concentration of I in milligrams per milliliter, Q is the blood flow rate in 
milliliters per minute, Kk is the 1 urinary clearance in milliliters per 
minute, V,,, is the deamination activity at  saturation in micrograms per 
minute, and K ,  represents the Michaelis constant in micrograms per 
milliliter. The subscripts represent each compartment: H, heart; Li, liver; 
hi, marrow; K, kidney; Le, lean; and R, blood. The term X represents the 
concentration of I1 in various compartments, M is the total dose of drug 
injected, g ( t )  is the injection function, Kh is the hydrolysis rate constant, 
K, is the kidney clearance of I I ,b  represents the ratio of the molecular 
weights of I to 11, and t represents time. A sample equation for I for one 
compartment (the kidney) is given by: 


dCK 
dt VK - = QKCR - QKCK - KKCB 


Equation 3 represents the mass balance of I1 in the blood compart- 
ment: 


-k QKXK + Q L ~ X L ~  + Mg( t )  - KhXRVe (Eq. 3) 
Equation 4 represents a typical compartment (the kidney) for 11: 


A similar balance in each compartment for both I1 and I is made, re- 
sulting in a set of ordinary nonlinear differential equations to be solved 
simultaneously and numerically on a digital computer. When the equa- 
tions are solved, the results are the time-dependent concentrations for 


Table I-Model Parameters for Cyclocytidine Pharmacokinetic 
Model 


Value in 
Parameter Humans Reference 


Body weight, g 70,000 7 
Volume, V,  ml 


Blood 2,670 7 
Liver 1.700 7 
Gut 
Heart 
Kidneys 
Lean 


31180 7 
450 7 


1,060 7 
27.000 7 


Marrow 2;ooo 7 


Cardiac output (for model) 4,040 7 
Liver 1,450 7 
Gut 1,100 7 
Heart 240 7 
Kidneys 1,240 7 
Lean 930 7 
Marrow 180 7 


Heart 31 8 
Liver 27 20 
Kidneys 32 8 


Liver 119 19 
Heart 6 20 
Kidneys 20 20 


I 90 8 
I1 70 14 


Blood Flow, Q, ml/min 


Michaelis constant, K,, pg/ml 


Deaminase activity, V,.,, pg/g min 


Clearance, K,, Kk, ml/min 


Hydrolysis rate, min-' 0.01(0.005)n 


In uitro calculation from Ref. 16. 


each drug in each tissue compartment plus the blood compartment and 
the total urinary excretion, which is given for I by: 


and for I1 by: 


EXPERIMENTAL 


In the current study, I1 was investigated in humans. The volumes in 
the compartments and the blood flows were estimated from the ana- 
tomical-physiological values for a 70-kg human. Since these values were 
not the weights of the selected subjects, these parameters were adjusted 
linearly for variations in the size of the patient. The volumes and blood 
flows were taken from Dedrick et al. (71, who found it necessary to adjust 
the volume of the lean compartment to explain adequately the phar- 
macokinetics of I. The lean compartment volume was so adjusted in the 
present model. The Michaelis constant, deaminase activity, and kidney 
clearance constant for I were also taken from Dedrick et al. (8). 


Ho (16) presented in uitro hydrolysis data for I1 to I in human plasma, 
showing that the hydrolysis was first order in I1 concentration. Thus, i t  
was assumed here that the hydrolysis in uiuo is first order and that the 
in uiuo hydrolysis rate can be estimated from the in uitro data, yielding 
a hydrolysis rate constant of O.oO5 min-'. When this constant was fitted 
into this model, it was too low to explain the appearance of I. Thus, the 
hydrolysis rate constant was adjusted to mirror accurately hydrolysis of 
I1 to I in uiuo. Finally, the clearance of I1 was estimated from cumulative 
excretion data developed by Ho et al. (17,18). 


All parameters used in the models (Table I) were estimated from in 
uiuo data, with the exception of the urinary clearances, which were esti- 
mated from in uiuo cumulative excretion curves, and the hydrolysis rate 
constant, which was estimated from in uitro data and adjusted to  reflect 
in uiuo hydrolysis. 


RESULTS AND DISCUSSION 


The data modeled here are the data of Ho et al. (17,18), where plasma 
concentration curves for I1 and I were represented as a function of time 
after mixed intravenous injections for several subjects. Only one subject 
is presented here. Several other subjects were modeled by altering the 
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Figure 1-Plasma concentration in 70-kg  human after 2.84 X lo5 pg 
iu of II and 9 X lo4 pg iu  of I. Hydrolysis rate = 0.01 min. Key: A, I; and 
0, II. 
organ volumes and flow rates to reflect differences in subject sizes. Similar 
results to those discussed were obtained. 


Figure 1 represents the plasma disappearance curve of I1 and I from 
blood in a human subject after an intravenous injection of 11. Approxi- 
mately 24% I is contained in the injection. The I impurity was considered 
a simultaneous injection with I1 and thus was included in the model. The 
solid lines represent the concentration of I1 and I as predicted by the 
model using a hydrolysis rate of 0.01 min-'. There is reasonable agree- 
ment between the model and the experimental data. The model for I 
underpredicts the plasma concentration a t  times after 2 hr. 


Figure 2 represents the same data, using the hydrolysis rate constant 
of 0.005 min-', the value calculated from in uitro data. The agreement 
in this case is not quite as good, indicating that hydrolysis in uiuo occurs 
at  a somewhat higher rate than in uitro. Figure 3 contains a hypothetical 
study whereby the concentration of I predicted by the model using an 
injection of I1 of the same size as that of Ho et al. (17,18) is compared to  
a hvpothetical injection of an equal mass of I only. Shortly after an in- 
jection of I only, the concentration was much higher than the I concen- 
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Figure 2-Blood plasma concentration in 70-kg human after 2.84 X lo5 
pg iu of II and 9 X lo4 pg iu of I .  Hydrolysis rate = 0.005 min-'. Key: A, 
I; and 0, II. 
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Figure 3-Plasma I concentration in 70-kg human after simulated 
intravenous injection of equal masses of I and II. Key: upper curve, I 
alone; and lower curve, I from II. 
tration due to both hydrolysis and impurity from an injection of 11. 
However, at  later times, the I1 injection provided for a higher concen- 
tration of I. This effect may be more apparent during times for which data 
were unavailable. 


As previously stated by Ho (16), it is possible, based on pharmacoki- 
netics, that the enhanced therapeutic effect of I1 is attributable to its 
action as a pool for I production, since the concentration of I is maintained 
at  a somewhat higher level a t  longer periods when I1 is employed rather 
than I alone. The fact that a simple pharmacokinetic model agrees di- 
rectly with the experimental results by the inclusion of a first-order hy- 
drolysis term ascertained qualitatively in uitro supports this hypothesis. 
Since the main goal of therapy with either I1 or I is to maintain a con- 
centration of I above the therapeutic level for as long as possible without 
toxic effects caused by high I concentrations, the model presented allows 
the manipulation and study of various dosage regimens prior to clinical 
application. 
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Mass Spectrometry of Cannabinoids 


T. B. VREE 


Abstract 0 The mechanism of fragmentation of cannabinoids to  frag- 
ments mle 314, 299, 271, 258, 246, 243, and 231 is given. Cannabidiol, 
cannabinodiol, cannabinol, A6- and A'-tetrahydrocannabinol, cannabi- 
chromene, cannabicyclol, derivatives with pentyl, propyl, and methyl 
side chains, their methyl ethers, and cis-trans and ortho-para isomers 
were analyzed by GLC-mass spectrometry using different energies for 
fragmentation during GLC elution. The following mechanism was dis- 
tinguished loss of a methyl radical, ring closure and rotation, McLafferty 
rearrangement, retro Diels-Alder, internal protonation, isomerization 
and internal bond formation, and one-step fragmentation to mle 231. 


Keyphrases Cannabinoids, various-mechanism of mass spectro- 
metric fragmentation 0 Mass spectrometry-mechanism of fragmen- 
tation of various cannabinoids 


One rapid method of identification of cannabinoids is 
combined GLC-mass spectrometry. The mass spectra of 
cannabinoids can be distinguished from each other. The 
fragmentation process is relatively slow for most com- 
pounds, taking 40-50 ev before completion, after which the 
relative intensities of the fragments do not alter (Fig. 1). 
When the relative intensities of each particular mass 
fragment are plotted against the electron energy used, the 
fragmentation process can be characterized for each can- 
nabinoid. 


In the 10-20-ev range, the fragmentation just starts; 
differences in this process between the different structures 


I~ 


20 30 40 50 60 70 80 90 
ELECTRON VOLTS 


are then relatively large. The technique of taking mass 
spectra a t  different electron voltages between 10 and 20 
ev and plotting relative intensities against electron volts 
gives very characteristic electron voltage mass fragmen- 
tograms of the cannabinoids, which, for instance, led to the 
discovery of some propyl and methyl homologs of the 
known cannabinoids. This method is also useful in eluci- 
dating the various cannabinoid fragmentation path- 
ways. 


EXPERIMENTAL 


Materials and Methods-A gas chromatograph-mass spectrometer' 
was used. Glass columns, 1.80 m X 4 mm i.d., were packed with 3% OV-17 
on 60-SO-mesh Gas Chrom Q. The temperatures were: oven, 200'; sep- 
arator, 220O; and ion source, 250'. The helium flow was 20 mllmin. Re- 
petitive mass spectra were taken at 20,18,16,14,12, and 10 ev during the 
elution of a GLC peak. The detector gain was increased in the 16-10-ev 
energy interval. The trap current was 60 ramp, and the accelerating 
voltage was 3.5 kv. The pressure in the analyzer tube was 2 X lop6 
Torr. 


The gas chromatograms were recorded by a total-ion current monitor 
a t  20 ev. Gas chromatograms of mixtures of natural and synthetic can- 
nabinoids were published elsewhere (1). The mass spectra obtained were 
normalized, and the relative abundance of a particular mass fragment 
was plotted against the electron voltage. 


Cannabinoids2-Lebanese, Nepalese, Moroccan, Columbian, Indo- 
nesian, and Congolese hashish samples and marijuana samples from 
Brazil and South Africa were powdered and extracted with ether or n -  
hexane by homogenizing for 10 min. After filtration of the extracts, most 
of the solvent was evaporated to give suitable concentrations for 
GLC-mass spectrometry. Synthetic samples were only dissolved in a 
small aliquot of ether. 


RESULTS 


Molecular Ion m/e 314-The aryl nucleus is the center of charge 
localization, and elimination of an electron from this nucleus gives the 
molecular ion mle 314. At 10 ev, the molecular ion mle 314 is the base 
peak. At 20 ev, large differences in the relative intensities between dif- 
ferent cannabinoids can be observed (Table I). 


Formation of Mass Fragment M - 15 ( m / e  299 and 295)-The loss 
of the geminal methyl group, which nearly all structures have in common, 


~ 


1 LKB 9000. Figure l--Electron fragmentogram Of trans-para-Vb. 
Fragments are formed relatiuely slowly between 10 and  30 eu. I n  this 
particular interual, small structural differences of the cannabinoids may 
result in big differences in the formation rate of certain frag- 
ments. 


Natural Cannabis samples were obtained from and identified hy Dr. A. H. Witte, 
Laboratory of Forensic Sciences, Ministry of Justice, The Hague, The Netherlands, 
and Dr. E. A. Carlini, Depto de Psicobiologia, Escola Paulista de Medicina, Sao 
Paula, Brazil. Synthetic cannabinoids were a gift from Dr. T. Petrzilka, Eidgn. 
Hochschule Zurich, Department of Organic Chemistry, Zurich, Switzerland, where 
voucher specimens were deposited. 
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subjects who received 10 mg of 14C-metocloprarnide. Key: -, radioac- 
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(VI) also was observed in dog and rat urine, but it had not been observed 
previously. 


A number of other metabolites were isolated and identifed from the 
urine sf dogs and rats. An O-demethylated metabolite was earlier iden- 
tified in rat urine by Hucker et al. (5). Two metabolites, IV and IX, were 
identified in the present study. No evidence of the aromatic amine oxi- 
dation could be found in these studies, as was noted by Arita et al. (1) for 
rabbits. 


Previous studies showed that metoclopramide is rqpidly and well ab- 
sorbed in lower animals. The results in these studies indicate that this 
is also true in humans. About 78% was excreted in the urine (Table I) in 


the first 24 hr. Maximum blood levels following oral doses were found 
within the first 2 hr. The half-life of the drug for the 3-8-hr period fol- 
lowing dosing was 4.00 hr (SEM 0.23) for the six subjects who received 
10-mg doses (Fig. 2). The maximum concentration in the blood for these 
subjects was approximately 40 ng/ml; subjects that received 20 mg in the 
preliminary study gave twofold higher blood levels (Table 111), indicating 
that the blood level is proportional to dose in this range. Further infor- 
mation concerning pharmacokinetics will appear in another report. 


A comparison of the curves in Fig. 3 shows that a considerable amount 
of the radioactive material in the blood cannot be accounted for as un- 
changed metoclopramide. Because such a large portion of the drug was 
excreted as conjugates, samples were analyzed both before and following 
enzyme5 hydrolysis of plasma samples from one subject. However, the 
results indicated that such conjugates were not present in appreciable 
concentrations. This difference must, therefore, be due to some un- 
identified metabolite. 
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High-speed Liquid Chromatographic Analysis of 
Dapsone and Related Compounds 


C. A. MANNAN, G. J. KROL", and B. T. KHO 


Abstract 0 A nonaqueous solvent absorptive support system and an 
aqueous solvent reversed-phase support liquid chromatographic system 
for analysis of dapsone and related compounds were investigated. The 
absorptive support system was more suitable for analysis of dapsone in 
raw materials, formulations, and tissue residues. The suitability was 
judged by the relative selectivity, efficiency, precision, and sensitivity 
of the systems. The adsorptive support system was used for the analysis 
of trace amounts of raw material impurities and dapsone metabolites. 
Coupling fluorometric detection to the chromatographic system yielded 
a 10-pg on-column detection limit for dapsone; the UV detection limit 
was 250 pg. 


Keyphrases 0 Dapsone and related compounds-high-speed liquid 
chromatographic analyses, bulk drug, pharmaceutical formulations, and 
biological fluids 0 High-speed liquid chromatography-analyses, dap- 
sone and related compounds, bulk drug, pharmaceutical formulations, 
and biological fluids 0 Leprostgtic antibacterials-dapsone and related 
compounds, high-speed .liquid chromatographic analyses, bulk drug, 
pharmaceutical formulations, and biological fluids 


Dapsone (4,4'-sulfonylbisbenzeneamine) (I), a potent 
antileprotic drug (1-3), has been commercially available 
since 1949. Various analytical techniques have been in- 


vestigated for its analysis in pharmaceutical preparations 
and biological fluids. 


Colorimetry and titrimetry, the first techniques to be 
used, were reviewed previously (4). Although these 
methods are sufficiently sensitive for the analysis of 
pharmaceutical preparations, they are not sufficiently 
selective for the determination of chemical stability or for 
metabolite studies. The current USP method for the 
analysis of dapsone in tablet formulations is a sodium ni- 
trite titration (5). This method is not specific for dapsone, 
however, since other arylamino sulfones present as de- 
composition products and synthetic impurities (4) inter- 
fere. 


Later, fluorometric methods were developed; they are 
more sensitive and specific and, thus, are especially suit- 
able for biological fluid metabolite studies (4,6). However, 
these methods are not very accurate because of quenching 
and other complications, and they also involve complicated 
extraction and cleanup steps. 


These limitations led to the development of TLC (7), 
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Figure 1-System 1 chromatogram of dapsone and related compounds. 
The flow rate was 1.0 mllmin. Detection was in the UVat 295 nm, 0.1 
absorbance unit full-scale (aufs). 


paper chromatographic (8), and GLC (9,lO) methods for 
dapsone analysis. However, in view of its relative simplicity 
and accuracy, current emphasis is on the use of liquid 
chromatography for the analysis of dapsone and its me- 
tabolites. Initially, Gordon and Peters (11) applied mi- 
crobore silica gel-packed column chromatography to the 
separation of dapsone from 4-aminophenyl4-acetamido- 
phenyl sulfone (11) and bis(4-acetamidophenyl) sulfone 
(111). This procedure was later applied to the quanti- 
tation of dapsone tablet preparations in the presence of 
small amounts of the possible raw material impurities: 
4-aminophenyl phenyl sulfone (IV), 2-aminophenyl 4- 
aminophenyl sulfone (V), and 4-aminophenyl 4-chloro- 
phenyl sulfone (VI) (12). Subsequently, this system was 
modified to incorporate fluorometric detection (13, 14), 
which decreased the detection limit of dapsone to  about 
100 pg. 


The objective of this work was to develop a fast, sensi- 
tive, and selective liquid chromatographic system suitable 
for the quantitation of dapsone in pure drugs, pharma- 
ceutical formulations, and biological fluids. Comparison 
of the relative selectivity and efficiency of a reversed-phase 


I: R, = R, = NH,, R, = H 
11: R, = CH,CONH, R, = NH,, R, = H 
111: R, = R, = CH,CONH, R, = H 
IV: R, = NH,, R, = R, = H 
V: R, = H, R, = R, = NH, 
VI: R, = NH,, R, = C1, R, = H 
VII: R, = NH,, R, = OH, R, = H 
VIII: R, = NH,, R, = NO,, R, = H 


IX: R, = CH,CONH, R, = NO,, R, = H 


0 0 


X 


XI: R, = R, = NH, 
XII: R, = NH,, R, = NO, 
XIII: R, = CH,CONH, R, = NO, 
XIV: R, = R, = CH,CONH 


system and a microparticle adsorptive system led to  se- 
lection of the adsorptive support and a low viscosity non- 
aqueous solvent system. Both UV and fluorometric de- 
tection methods were investigated. 


EXPERIMENTAL 


Reagents and Chemicals-All reagents were spectrograde dis- 
tilled-in-glass solvents'. USP dapsone reference standard was used as 
received2. Compounds 11,111, and VII-XIV were prepared in this labo- 
ratory3. Compounds IV-VI were used as received4. 


Chromatographic Systems-System 1-The mobile phase, con- 
sisting of isopropyl alcohol-ethyl acetate-acetonitrilen-pentane (1:1:1:7 
v/v), was pumped through a 30-cm X 4-mm i.d. stainless steel column 
packed with 10-rm silica micro particle^^. The pump was a constant-flow 
rate screw-driven syringe6. 


System 2-The mobile phase was water-acetonitrile (84:16 v/v). A 
15-cm X 4-mm i.d. stainless steel column was packed with a 5-rm non- 
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Figure 3-System 1 chromatogram of dapsone and related compounds. 
The flow rate was 1.0 mllmin. Detection was in the UV at 295 nm. 


----- ; 
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Figure 2-System 2 chromatogram of dapsone and related compounds. 
The flow rate was 1.2 mllmin. Detection was in the UVat 295 nm. 


Burdick and Jackson Laboratories, Muskegon, Mich. 
Lot 0371-F-3. 


3 By C. E. Orzech and F. Gemmill, Jr. 
4 Provided by G. R. Gordon, Stanford Research Institute, Menlo Park, Calif. 
5 pPorasil, Waters Associates, Milford, Mass. 
6 Model 314 metering pump, Instrumentation Specialties Co., Lincoln, Neb. 
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Table I-Comparison of Chromatographic Parameters" for Systems 1 and 2 


System 1 System 2 


- - 1 .oo - 


Compound R T b  ac Rd R T  ac Rd 
- I 1 .oo 


I1 1.21 1.2 2.2 1.43 1.5 4.5 
1.54 1.7 5.7 2.07 2.3 7.7 111 


2.7 8.6 > 20 0.52 IV 
0.62 2.0 2.2 > 20 V 


VI 0.46 3.1 10.4 > 20 
VIII 0.51 2.7 12.4 8.40 9.4 11.5 


0.62 2.0 9.0 10.45 11.7 14.2 IX 
0.36 5.1 15.6 >20 XI1 


XI11 0.45 3.2 12.9 > 20 
XIV 1.27 1.4 4.5 12.80 14.5 16.0 


- - 
- - 


- - 


- - 
- - 


a All parameters are relative to dapsone. * Relative retention time. c Selectivity parameter. Resolution parameter. 


0.06 -- 


Lu 
c) 
2 
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2 
s 
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spherical octadecyltrichlorosilane bonded support7. A dual-piston re- 
ciprocating constant-flow rate pump8 was used. 


Sample Preparation-Compounds to be chromatographed were first 
prepared as 1-mg/ml stock solutions in chloroform or methanol. The 
solutions were diluted to the appropriate concentration with chromato- 
graphic solvent before chromatography. Samples were injected with a 
high-pressure six-port rotary valve with a 10-pl external loopg. 


Detection-The column eluate was monitored in the UV at  2541° or 
29511 nm and by fluorometryI2 with excitation at 285 nm and emission 
above 340 nm. 


Recording and Integration-Chromatographic peaks were recorded 
on a 25.4-cm strip-chart recorder13. Quantitation was based on either 
mechanical diskI4 or electronic integrati~n'~. 


Temperature Protection-To reduce detector noise due to ambient 
temperature fluctuations at  the high detector sensitivity setting, the 
column, flowcell housing, monochromator, and light source for System 
1 were kept in a constant-temperature box'6 at 25'. 


!-- 
0 5 10 15 20 


RETENTION TIME, min 


Figure 4-System 1 chromatogram of USP dapsone reference standard. 
The flow rate was 1.0 mllmin. Detection was in the U V a t  295 nm. 


7 Merck Lichrosorb RP 18, EM Laboratories, Elmsford, N.Y. 
8 Spectra-Physics model 740, Spectra-Physics Inc., Santa Clara, Calif. 
9 Model CV-UHPA-(2-20, Valco Instruments Co., Houston, Tex., 


10 Chromatronix model 220 UV absorbance monitor, Spectra-PhysIcs Inc., Santa 
Clara, Calif. 


Westwood, N.J. 


Westwood, N.J. 


l1 Model SF-770 variable spectroflow monitor, Schoeffel Instruments Corp., 


12 Model FS-970, LC fluorescence detector, Schoeffel Instruments Corp., 


13 Model 282 (10 in.), Linear Instruments Corp., Irvine, Calif. 
14 Series 200 Disc integrator, Disc Instruments, Santa Ana, Calif. 
15 Autolab System I computing integrator, Spectra-Physics Inc., Santa Clara, . ~ -  


Calif. 
A 71 X 51 X 30-cm (28 X 20 X 15-in.) stainless steel cork-lined box, held at  


constant temperature with a Yellow Springs Instruments Co. model 74 temperature 
controller powering Watlow model 7424 250-w heating strips. 


Precision and Accuracy for Tablet Formulations-The tablets17 
(25 and 100 mg) were assayed over 1 month. The precision was established 
as follows. Twenty tablets were ground to powder. The equivalent of one 
tablet was weighed from the bulk, and dapsone was extracted with 200 
ml of methanol in an ultrasonic bath. The mixture was centrifuged, and 
an aliquot was diluted to approximately 25 pg/ml for analysis. 


The instrument was standardized at  a 1.2-mllmin flow rate with two 
to four separate injections of a USP reference standard solution of known 
concentration. The sample solution was injected a minimum of two times. 
The average area of the sample peaks was then compared to the average 
area of the standard peaks1*. 


Assay accuracy was determined by spiking blank tablet material with 
known amounts of dapsone. Subsequently, the spiked sample was ex- 
tracted, chromatographed, and quantitated as described. 


Tablet Uniformity Analysis-Dapsone tablets (10 single 25 mg) were 
extracted by adding 0.5 ml of water to each tablet in a 200-ml volumetric 
flask. The flask was placed in an ultrasonic bath briefly to disintegrate 
the tablet. Methanol was then added to volume, and the flask was again 
placed in the ultrasonic bath for about 10 min. After centrifugation and 
dilution, an aliquot of the sample was chromatographed at a flow rate of 
3.0 mllmin for fast sample turnover. 


RESULTS AND DISCUSSION 


Selection of Chromatographic System-Separation of dapsone from 
possible synthetic impurities and related compounds was studied using 
an adsorptive system and a reversed-phase system. The adsorptive system 
consisted of a microparticulate silica support and a nonaqueous solvent 
mobile phase. The reversed-phase system consisted of octadecyltri- 
chlorosilane bonded to a microparticulate silica support and an aqueous 
solvent mobile phase. 


The complete separation of dapsone from VIII, IX, and XII-XIV using 


l7 Avlosulfon tablets, Ayerst Laboratories. 
l8 These data were obtained with a Chromatronix model 3100 liquid chromato- 


graph monitored at  254 nm and disk integration. 
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I UI b Table 11-Chromatographic Efficiency versus Flow Rate 
Dependence Observed with Related Compounds 


Plate Count a t  Decreasing Linear Velocitya 
Cnmnniind 0.54 0.36 0.18 0.09 


XI1 5250 7130 9640 12,310 
XI11 5300 6920 8860 11,640 
VIII 5370 7300 9860 12,710 


IX 3890 5460 8220 10,720 
Dapsone 4710 5960 8660 11,730 


XIV 3220 4550 6320 8,350 


a Linear velocity in centimeters per second; 1 cm/sec = 5.56 ml/min. 


the adsorptive system is shown in Fig. 1. Chromatography of some of 
these compounds with the reversed-phase system is shown in Fig. 2; XI1 
and XI11 were not eluted from the column. Table I lists the retention time, 
resolution, and selectivity of the adsorptive and reversed-phase systems. 
The differences in retention time are reflected by the selectivity values 
(a) relative to dapsone. 


Compound XIV had a longer retention time than dapsone with the 
adsorptive system and would be expected to precede dapsone using the 
reversed-phase system. Instead, it was retained by the reversed-phase 
column considerably longer than dapsone. A similar observation applied 
to I1 and 111. 


The apparent lack of correlation between the observed order of elution 
on the adsorptive and reversed-phase supports may be attributed to the 
fact that the two systems use different solvents as well as supports. Since 
the aqueous solvent used with the reversed-phase support can influence 
the relative polarity of the solute by induction of dipoles and ionization, 
the relative polarity of a molecule in a nonaqueous solvent may be dif- 
ferent from its relative polarity in an aqueous solvent. The effect of pH 
on the relative retention times of ionizable molecules chromatographed 
on a reversed-phase support was reported previously (15). 


Although the elution pattern obtained with the reversed-phase system 
showed greater selectivity than that obtained with the adsorptive support 
system, the adsorptive support system was selected for routine analysis 
to minimize the time necessary to separate and quantitate dapsone and 
several related compounds. The reversed-phase system exhibited ex- 
cessive elution times for possible impurities and metabolites of dapsone. 
Furthermore, since possible impurities in dapsone raw material (IV-VI) 
are not eluted on the reversed-phase support unless dapsone elutes a t  
the solvent front or a gradient solvent system is utilized, the reversed- 
phase system is not suitable for simultaneous analysis of dapsone and 
its impurities. In contrast, the nonaqueous solvent-adsorptive support 
system yields adequate separation and short retention times for dapsone 
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Figure 6-VanDeemter plot based on System 1 chromatograms. Key: 
0, I; 0, X U ;  0, XIlI; m, VIII; +, I X ;  and A,  XIV;  H = HETP (height 
equivalent to a theoretical plate).  
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Figure 7-System 1 chromatogram of dapsone and possible raw ma- 
terial impurities. The flow rate was 3.0 mllmin. Detection was in the 
U V a t  295 nm, 0.1 aufs. 


impurities and, hence, sharp impurity peaks (Figs. 1 and 3) that can be 
quantitated accurately even at  trace amount levels. Figure 4 illustrates 
a chromatogram obtained with USP dapsone reference standard. The 
observed impurities, IV and VI, were present a t  0.4 and 0.08%, respec- 
tively. 


The selectivity and efficiency of the adsorptive support system are also 
reflected by the observed resolution of dapsone from a known dapsone 
metabolite (11), a dapsone prodrug derivative (III), three previously 
identified impurities (IV-VI), and three structurally related compounds 
(VII, X, and XI). Figure 3 illustrates the separation obtained. Excluding 
X, all compounds were resolved within 22 min. 


The adsorptive support system also was applied to the separation of 
several sulfa drugs. Although this system was not optimized for the 
separation of sulfa compounds, only sulfamethazine and sulfachlorpy- 
ridazine were unresolved (Fig. 5). However, the adsorptive support system 
does not appear to be as suitable for the separation of sulfa compounds 
as it is for the separation of dapsone and its analogs. 


Efficiency of Nonaqueous Solvent-Adsorptive Support Sye- 
tern-The selection of pentane as the major component of the non- 
aqueous solvent was based primarily on its low viscosity. The relationship 
between solvent viscosity and chromatographic efficiency was investi- 
gated previously (16). 


As expected, an increased flow rate decreased column efficiency (Table 
I1 and Fig. 6). With few exceptions, essentially linear relationships be- 
tween the flow rate and the width of the theoretical plate were observed. 
However, the slope of the plate width versus the flow rate line was de- 
pendent on the structure of the molecule. Thus, the chromatographic 
efficiency of the more polar molecule (e.g., XIV, Fig. 6) decreased more 
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Figure 8-System 1 chromatograms at high UVand  fluorescence de- 
tector sensitivity settings. Key: A, 50 pg  of dapsone, UV detector, 295 
nm; B, 50pg of dapsone, fluorescence detector; and C,  25Opg of dapsone, 
UVdetector, 295 nm. 
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Table 111-Accuracy and Precision Data for  Dapsone Tablets 


Run 


25-mg Tablets 100-mg Tablets 
Precisionn, Precision=, 


Date me/Tablet Accuracv b. % me/Tablet Accuracv *. % 


1 Feb. 10,1976 24.6 101.9 100.6 100.8 


3 Feb. 12,1976 24.5 99.3 98.3 97.1 


5 Feb. 18,1976 24.7 100.6 99.8 101.3 
6 Feb. 19,1976 23.0 100.9 97.6 98.5 
7 Feb. 20,1976 - - 100.2 103.6 
8 Feb. 20,1976 - - 99.3 97.5 
9 Feb. 25,1976 24.8 98.1 100.6 100.2 


10 Mar. 1,1976 24.1 97.2 99.8 100.8 
11 Mar. 2,1976 24.4 97.6 96.2 99.2 
12 Mar. 3,1976 23.8 101.7 102.4 99.4 
X 24.3 99.5 99.3 99.9 
S 0.5 1.7 1.7 1.8 


cv, % 2.2 1.7 1.7 1.8 


2 Feb. 11,1976 24.3 98.3 99.2 100.9 


4 Feb. 13,1976 24.5 99.0 97.5 99.7 


a Twenty tablets were used for each run. * A ground placebo was spiked with a known amount of sample corresponding to claim. Number presented in table represents 
percent recovered. 


with the flow rate than the chromatographic efficiency of a less polar 
molecule (e.g., XII, Fig. 6). This trend may be attributed to the fact that 
the relative contribution of the mass transfer term to the overall column 
efficiency increased with the flow rate. Since the mass transfer process 
involves mobile and stationary phase interactions, the structure of the 
molecules chromatographed will influence the kinetics of mass trans- 
fer. 


The relatively high efficiency of the nonaqueous chromatographic 
solvent, even at  high flow rates, makes possible an accurate and specific 
analysis within a relatively short time. This possibility is an important 
consideration in uniformity and dissolution assays of tablets where the 
analysis of numerous samples i s  involved. Thus, dapsone was completely 
resolved from five related compounds even at  a 3-ml/min flow rate (Fig. 
7). 


Detection-Although the quantitation of dapsone and related com- 
pounds with the aid of a variable wavelength UV detector is applicable 
to the analysis of pure drug and pharmaceutical formulations, fluoro- 
metric detection is more sensitive and, thus, more suitable for the analysis 
of tissue residue samples. This study utilized a novel spectrofluorometric 
liquid chromatographic detector. The unique design of the spectrofluo- 
rometric detector flowcell and optics made possible the detection of 
subnanogram amounts of dapsone and related compounds. Figure 86 
illustrates a chromatogram of dapsone close to the fluorometric detection 
limit, approximately 10 pg. In contrast, 50 pg cannot be detected by UV 
(Fig. 80); the detection limit of the UV detector is about 250 pg (Fig. 
8c). 


Figure 9 illustrates a chromatogram of dapsone and related compounds, 
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Figure 9-System 1 chromatograms of dapsone and related compounds 
monitored by UV (at  295 nm)  ( A )  and fluorescence ( B )  detectors. 
Amounts of samples injected were: W a n d  VI, 0.08 ng; V,  0.05 ng; I and 
II, 2.5 ng; and III, 4.0 ng. The UV detector setting was 0.02 aufs. 


obtained with UV and fluorometric detectors connected in series to 
monitor the same chromatographic elution. The patterns indicate that 
the UV and fluorometric detection limits vary with the compound. 
However, except for dapsone, no attempt was made to select the optimum 
cutoff filters for each compound. Therefore, the fluorometric detection 
limits of compounds other than dapsone are uncertain. 


Precision and Accuracy-The accuracy and precision of the ad- 
sorptive support system are presented in Table 111. Since the tablet for- 
mulations were analyzed on different days, the observed results include 
the day-to-day contribution to assay variability. Since individual tablet 
content uniformity assay involves a relatively high volume of samples, 
the procedure for the determination of tablet potency was modified. The 
flow rate was increased to yield less than a 6-min retention for dapsone 
with marginal sacrifice of assay accuracy, selectivity, and precision. 
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N O T E S  


Preparation and Skin-Photosensitizing Activity of 
Substituted Psoralens 


MOHAMMED A. LOUTFY and HAMED A. ABU-SHADY * 


Abstract 8-Monosubstituted and 5,8-disubstituted psoralen deriva- 
tives were prepared, and their skin-photosensitizing activity was evalu- 
ated. The results were correlated in terms of molecular configuration, 
and 8-allyloxypsoralen can be considered as a new agent of potent pho- 
todynamic activity. 


Keyphrases Psoralens, substituted-synthesized, evaluated for 
skin-photosensitizing activity Photosensitizing activity, skin-various 
substituted psoralens evaluated Structure-activity relationships- 
various substituted psoralens evaluated for skin-photosensitizing ac- 
tivity 


In a continuation of previous studies (1-5), this report 
describes the preparation and skin-photosensitizing ac- 
tivity of substituted psoralens. The synthesis and photo- 
sensitizing activity of many psoralen (I) derivatives have 
been investigated extensively (6, 7), but little has been 
published concerning the 5,8-disubstituted psoralens. For 
example, while 5-methylpsoralen and 8-methylpsoralen 
are potent skin photosensitizers (8), nothing has been re- 
ported about 5,8-dimethylpsoralen. Furthermore, it was 
observed. (9) that allyloxycoumarins have weak, but defi- 
nite, photodynamic activity. Nevertheless, the effect on 
the photodynamic activity of introducing allyl, allyloxy, 
or dimethylallyl substituents in the psoralen molecule has 
not been studied. 


On the other hand, the structure-activity relationships 
in the furocoumarin series demonstrated clearly the fol- 
lowing. 2-Thiopsoralen derivatives and oxazolocoumarins 
do not exhibit any photodynamic activity (6). There is 
great variation in the potency of the skin-photosensitizing 
activity of the derivatives, determined by the number and 
the position of methyl groups (8). Methyl substitution at  
the 5'-carbon of psoralen does not alter the activity, but 
methyl substitution at  the 4'-position results in a consid- 
erable loss of activity (9). Substitution with a methoxy 
group at  the' 5- or 8-carbon results in decreased activity, 
while nitro or amino group substitution renders the com- 
pound completely inactive (9). The fact that 2,6,8-tri- 


methylbenzodifuran (10) and some other coumarin de- 
rivatives (9) do elicit photosensitized responses suggests 
that the furocoumarin structure is not essential for pho- 
tosensitizing activity. 


Further investigation is needed to reveal definite points 
in the structure-activity relationship in the furocoumarin 
series. 


DISCUSSION 


Previously, the isolation of xanthotoxin (11) and imperatorin (111) from 
the fruits of the umbellifer Ammi majus (L.)l was reported (1). These 
compounds were readily transformed into xanthotoxol (IV) according 
to a reported (4) procedure. The identity of xanthotoxin, imperatorin, 
and xanthotoxol was established through mixed melting-point, UV, IR, 
and NMR spectral comparisons with authentic samples'. For the prep- 
aration of derivatives V-VII, the procedure followed was essentially the 
same as that described previously (3). 


It was reported (11) that imperatorin underwent Claisen rearrange- 
ment to afford alloimperatorin (IX) by heating in a vacuum. In the 
present work, to induce the allyl ethers to undergo Claisen rearrangement, 
the ethers were heated under reflux for 6 hr in ethylene glycol. In this way, 
5-allyl-8-hydroxypsoralen (VIII) and IX were obtained in low yields 
(65%). Better results or even quantitative yields were obtained by re- 
fluxing the allyl ethers in N,N-diethylaniline for 1 hr. In the latter 
method, Claisen rearrangement products were of higher purity; 1 hr of 
refluxing was sufficient. 


Methylation, acetylation, and allylation reactions were carried out 
according to the general method of etherification and esterification (3). 
However, allylation of VIII ended in failure. The identity of the new 
psoralen derivatives was ascertained by spectral (IR and NMR) analy- 
sis. 


Compounds V-XIV (Table I) were prepared and screened as dermal 
photosensitizing agents. Two tests were performed with albino guinea 
pig skin. The preliminary test, employing very strong conditions (high 
amount of substance and high amount of radiation), was used for selecting 
the active compounds, even if weakly active, from the inactive ones. In 
a second test, only the active compounds were tested in very mild con- 
ditions and their photosensitizing activities were compared with that of 
psoralen. 


The relative activity was evaluated by comparing the erythema re- 


1 Provided by Memphis Chemical Co., Cairo, Egypt. 


Vol. 66, No. 11, November 1977 1 1623 








Indolizine Derivatives with Biological Activity 111: 
3- (3 - Aminopropyl) - 2 -methylindolizine, 
3 - (3-Aminopropyl) - 2-methyl-5,6,7,8- tetrahydroindolizine, and 
Their N-Alkyl Derivatives 


IPPOLITO ANTONINI, MARIO CARDELLINI 


UGO GULINI, GIUSEPPE De CAR0 *, and FABRIZIO VENTURI * 
FRANCESCO CLAUDI, PALMARISA FRANCH~TTI, 


Abstract 0 The syntheses and a preliminary pharmacological evaluation 
of some aminopropylindolizines and aminopropyltetrahydroindolizines 
are reported. All compounds showed anti-5-hydroxytryptamine, anti- 
histamine, and antiacetylcholine activities. Some also exhibited weak 
CNS activity. 


Keyphrases Indolizines, substituted-series synthesized, evaluated 
for pharmacological activity 0 Anti-5-hydroxytryptamine activity- 
evaluated in series of substituted indolizines Antihistaminic activ- 
ity-evaluated in series of substituted indolizines 0 Antiacetylcholine 
activity-evaluated in series of substituted indolizines Structure- 
activity relationships-series of substituted indolizines evaluated for 
pharmacological activity 


Among the biologically active compounds with an indole 
structure, various indolylalkylamines are of particular 
importance. Interest in such substances suggested the 
synthesis and the study of their isosteres with indan, in- 
dene, benzisoxazole, benzofuran, and benzothiophene 
systems and other structures. 


Investigations on derivatives related to gramine showed 
that the replacement of the indole by the benzothiophene 
system reduced the agonistic activity in various types of 
smooth musculature and led to the appearance of variable, 
nonspecific, antagonistic properties toward 5-hydroxy- 
tryptamine, acetylcholine, and histamine (1). Comparative 
studies on tryptamines and analogs with a benzothiophene 
and indene structure suggested the hypothesis that the NH 
group of the indolylalkylamines does not react significantly 
with the receptors. In fact, the activity [contractile on the 
rat stomach (2) and stimulating on the central nervous 
system (CNS) (3)] of the compounds examined did not 
generally undergo appreciable variations in comparison 
with the indole isosteres. 


In investigations on compounds with an indolizine 
structure (4), some indolizinylalkylamine analogs of the 
well-known indolylalkylamines were synthesized and their 
pharmacological activities were tested. Few alkylami- 
noalkylindolizines have been prepared (5-9). Some re- 
vealed CNS activity; however, it is not possible at the 
moment to indicate any correlation between structure and 
activity. 


The present paper reports the syntheses and a prelim- 
inary pharmacological screening of a series of 3-(3-al- 
kylaminopropyl) -2-methylindolizines and their tetrahydro 
derivatives. These compounds were synthesized in view 
of the pharmacological activities of aminopropyl analogs 
such as 3-(3-aminopropyl)indole (2, lo), 3-(3-aminopro- 
py1)indene (2), and 1 - (3-dimethylaminopropyl) -2- 
phenylindolizine (5). The presence of a methyl group a t  
the 2-position of indolizine derivatives suggests a favorable 


influence. In fact, various studies on derivatives related to 
tryptamine (11) or other substituted indoles (12) indicated 
that the anti-5-hydroxytryptamine activity is potentiated 
by the introduction of a methyl group at  the 2-position. 


EXPERIMENTAL 


Chemistry-The 3-(3-alkylaminopropyl)indolizine derivatives (Table 
I) were prepared as shown in Scheme I. 
2-Methyl-3-indolizinepropionitrile (11) was obtained by reaction of 


2-methylindolizine (I)  with acrylonitrile. The structure of I1 was estab- 
lished on the basis of the NMR spectrum, which showed a singlet at 6 6.13 
(1-H) ppm and signals a t  6 7.63-7.33 (m, 5-H), 7.26-6.97 (m, 8-H), and 
6.6-6.26 (m, 7- and 6-H) ppm. 


Reduction of I1 with lithium aluminum hydride gave 3-(3-aminopro- 
pyl)-2-methylindolizine (111). Treatment of 111 with ethyl chloroformate, 
followed by reduction of the 3-ethoxycarbonylaminopropyl derivative 
(IV), afforded the 3-(3-methylaminopropyl)-2-methylindolizine (V). 


Compound V was converted into the dimethyl derivative (VII) by the 
same system. Again, acetylation of 111 gave the N-acetyl derivative (VIII), 
which was converted by reduction into 3-(3-ethylaminopropy1)-2- 
methylindolizine (IX). Compound IX, again by acetylation followed by 
reduction, yielded 3-(3-diethylaminopropyl)-2-methylindolizine (XI). 


The 5,6,7&tetrahydroindolizines (XII-XVI, Table 11) were prepared 
by catalytic hydrogenation of the corresponding indolizines (111, V, VII, 
IX, and XI) in the presence of palladium-on-charcoal. All of the NMR 
spectra showed the signal of the I-proton as a singlet whose position 
varied, depending on the compound, between 6 5.26 and 5.60 ppm. 
However, the typical signals of the pyridine moiety protons, between 6 
7.9 and 5.8 ppm in the unreduced products, had disappeared. All amines 
were transformed into maleates. 
Syntheses1-2-Melhyl-3-indolizinepropionitrde (11)-A solution 


of 0.152 mole of I (13), 0.60 mole of acrylonitrile, and 0.237 mole of acetic 
acid was stirred for 20 hr a t  room temperature. I t  was then made alkaline 
with 2 N NaOH and extracted with ether. The extracts were dried over 
anhydrous calcium sulfate. Evaporation of the ethereal solution gave a 
dark oily residue from which a solid product was precipitated by the 
addition of ethanol. The nitrile crystallized from ethanol, mp 70-72O; IR  
i j r n s x  (mineral oil) 2240 (C=N) cm-'; NMR (CC14): 6 7.63-7.33 (m, IH,  
5-H), 7.26-6.97 (m, lH ,  8-H), 6.6-6.26 (m, 2H, 6,7-H), 6.13 (s, lH ,  1-H), 
3.16 (t, 2H, CHzCN), 2.46 (t, 2H, ArCHZ), and 2.26 (s, 3H, 2-CH3) 
PPm. 


Anal.-Calc. for C12H12N2: C, 78.25; H, 6.57; N, 15.2. Found: C, 78.16; 
H, 6.42; N, 15.47. 


3- (3-Aminopropyl)-2-methylindolizine (111)-Slowly, with stirring, 
a solution of 0.054 mole of I1 in 200 ml of anhydrous ether was added to 
a suspension of 0.105 mole of lithium aluminum hydride in 50 ml of an- 
hydrous ether. The mixture then was stirred at  room temperature for 15 
hr. Excess lithium aluminum hydride was destroyed with aqueous eth- 
anol, and 30 ml of 2 N NaOH was added. The solid formed was filtered 
off, and the ethereal solution was dried over anhydrous sodium sulfate. 
Evaporation of the solvent gave an oil which was distilled; I R  urnax (liquid 
film) 3270 and 3245 (NH2) cm-I; NMR (CCI,); 6 7.8-7.47 (m, IH, 5-H), 
7.23-6.9 (m, l H ,  8-H), 6.52-6.13 (m, 2H, 6,7-H), 6.03 (s, lH ,  1-H), 


Boiling points are uncorrected. Melting points were determined on a Buchi 
melting-point apparatus and are uncorrected. IR spectra were obtained with a 
Perkin-Elmer 257 spectrophotometer. NMR spectra were recorded on a Jeol C 60 
HL instrument. 
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Table I-Characteristics of 3-(3-Aminopropyl)-2-methylindolizines 
Analysis, % Maleate Analysis, % 


Compound Point/mm Yield, % Melting Point Solvent Formula Calc. Found Calc. Found 
Boiling Maleate Recrystallization 


I11 98'/0.05 78 141-142Davb Ethanol-ether ClzHlsNz C 76.55 76.71 C 63.14 63.41 
H 8.57 8.43 H 16.62 6.71 
N 14.88 14.62 N 9.21 9.04 


- - IV 115"/0.05 73 - - C ~ ~ H ~ O N ~ O Z  C 69.20 69.31 
H 7.74 7.69 


10.85 N 10.76 
V 105'/0.05 73 115-116'b Ethanol-ether C13H18N2 C 77.18 77.24 C 64.13 64.21 


H 8.97 9.03 H 6.97 7.22 
N 13.85 13.65 N 8.80 8.67 


H 8.08 8.1 
N 10.21 10.26 


VII 95'/0.05 31 94-96' Ethanol-ether C14H20Nz C 77.73 77.84 C 65.04 64.84 
H 9.32 9.21 H 7.28 7.59 
N 12.95 13.06 N 8.43 8.19 


H 7.88 8.03 
N 12.17 12.24 


- VI 13 1 '/O. 1 90 - - ClsHzzNzOz c 70.04 69.96 - 


- VIII 142'/0.05 a7 - - C14HleN20 C 73.01 73.18 - 


77.54 C 65.04 65.26 
H 9.32 9.36 H 7.28 7.24 
N 12.95 12.88 N 8.43 8.69 


H 8.58 8.42 


IX 104O/0.1 92 112-1130b Ethanol-ether C14H20N2 C 77.73 


- X 125'/0.05 80 - - C16H22N20 C 74.38 74.25 - 


N 10.84 10.96 


H 9.90 9.86 H 7.99 7.73 
N 10.84 10.96 N 7.40 7.54 


XI 104'/0.05 - - C - C16H22N2 C 78.63 78.45 C 63.47d 63.25 


Picrate: mp 193-194'. Recrystallization solvent: ethanol. Formula: CI8Hl9N506. Calc.: C, 53.86; H, 4.77; N, 17.46. Found: C, 54.12; H, 4.85, N, 17.21. * Anhydrous 
solvents. This maleate decomposed when heated in solution and is highly hygroscopic. With 1 mole of water. 


2.91-2.44 (m, 4H, CHzCCHz), 2.19 (s, 3H, 2-CH3), 1.56 (q, 2H, CCHzC), 
and 0.79 (s, ZH, NH2) ppm. 


3-(3-Ethorycarbonylaminopropyl)-2-methylindolizine (IV) and 
3- (N - Ethonycarbonyl -3- methylaminopropyl)-2-methylindolizine 
(VI)-With stirring, a solution of 0.064 mole of ethyl chloroformate in 
30 ml of chloroform was added slowly to an ice-cooled solution of 0.053 
mole of I11 or V and 0.053 mole of pyridine in 200 ml of chloroform. After 
2.5 hr, 50 ml of water was added; stirring was continued for 3 hr. The 
chloroform layer was recovered, washed with 2 N NaOH, and dried over 
anhydrous calcium sulfate. Evaporation of the solvent gave an oil, which 
was distilled. 
3-(3-Methylaminopropyl)-2-methylindolizine (V) and 3-(3-Di- 


methylaminopropyl)-~-methylindolizi~e (VZI)-To a suspension of 
0.014 mole of lithium aluminum hydride in 50 ml of anhydrous ether was 
slowly added 0.067 mole of IV or VI in 300 ml of anhydrous ether. The 
mixture was heated under reflux for 10 hr and then stirred a t  room 
temperature for 5 hr. Aqueous ethanol was added to destroy excess 
lithium aluminum hydride, and then 30 ml of 2 N NaOH was added. The 
ethereal solution was filtered and dried over anhydrous calcium sulfate. 
Evaporation of the solvent gave an oil, which was distilled. 
3-(3-Acetylaminopropyl)-2-methylindolizine ( V I I I )  and 3- (N- 


Acetyl-3-e~h~laminopropyl)-2-~e~hylind~liz~ne (X)-With stirring, 
0.011 mole of acetyl chloride in 10 ml of anhydrous ether was slowly added 
to a solution of 0.011 mole of I11 or IX and 0.011 mole of triethylamine 


CH,CH,CH,NH, 


CI( 'OOCIH -, rrr ('H,COCI 
Nl CIH.,), 


LiAIH, 


\ C.,H,N / 
LiAlH CH,,(CgH,N)(CH&NHCOOC,H, A CH:j(CgH,N)(CHJ,NHCH,, CHA(CgH,N)(CH,),NHCOCH,, - CH3(CgH,N)(CH,),NHC,H, 


Iv V VIII IX 


Vol. 66, No. 12, December 1977 I 1693 







~H,CHFH,N' 


Table II-Characteristics of 3-(3-Aminopropyl)-2-methyl-5,6,7,8-tetrahydroindolizines 'R, 


Maleate Analysis, % Maleate Analysis, % 
Com- Boiling Yield, Melting Recrystallization 
pound R, R, Pointimm '% Point Solvent Formula Calc. Found Calc. Found 


XI1 H H 76"/0.05 8 1  128-130" 


XI11 H CZH, 78"/0.05 67 93-95" 


XIV H CH, 82"/0.05 65 -a 


XV C,H, C,H, 75"/0.05 69 78-79" 


XVI CH, CH, 81"/0.05 43  -a 


Ethyl acetate 


Ethyl acetate 


- 


Anhydrous ether 


- 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


74.95 
10.48 
14.57 
76.31 
10.98 
12.71 
75.67 
10.75 
13.58 
77.36 
11.36 
11.28 
76.31 
10.98 
12.71 


74.88 
10.52 
14.63 
76.47 
10.87 
12.83 
75.51 
10.69 
13.64 
77.24 
11.23 
11.13 
76.45 
10.86 
12.84 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


62.31 
7.85 
9.09 


60.99 
8.53 
7.90 


59.98 
8.29 
8.23 


62.80 
8.96 
7.32 


60.99 
8.53 
7.90 


62.62b 
7.76 
9.15 


60.78b 
8.34 
8.15 


59.73b 
8.17 
8.31 


62.59b 
8.85 
7.35 


60.85b 
8.41 
7.84 


@The maleate decomposed when heated in solution and is highly hygroscopic. b With 1 mole of water. 


Table 111-Zn Vitro ID50 Values on Different Smooth Muscle Preparationsa 


Guinea Pig Ileum Rat Uterus, 
Compound Acetylcholine Histamine 5-Hydroxytryptamine 


Atropine 
Metergoline 
Diphenhydramine 
Tryptam-ine 


I11 


0.025 (7.9) 


23.7 (0.0084) 
3.86 (0.05) 


- 
- 0.00578 (2.75) 


8.69 (0.0018) 
6.18 (0.0025) 


7 x 10-7 (24.2 x 103) 
- 


b - 
1.23 (0.014) 


V 1.3 (d.153j 1.27 (0.0125) 0.31 (0.055) 
VII 8.64 (0.023) 


0.32 (0.054) IX 2.68 (0.074) 2.14 (0.0074) 


XI1 10.35 (0.019) - 3.1 (0.0055) 
XI 


XI11 2.7 (0.074) 34.91 (0.0004) 2.62 (0.0066) xv 72.59 (0.0027) 2.64 (0.006) 13.62 (0.0012) 
XVI 21.77 (0.0091) 0.108 (0.146) 6.54 (0.0026) 


0.0354 (0.44) 0.195 (0.088) 


C 11.23 (0.017) 0.186 ($085) - 


"All concentrations (micrograms per milliliter) refer to the free base. The numbers in parentheses are the anta onistic activity rates (agonist concentration/antagonist 
concentration ratio). * Doses up to 3.3 pglml stimulated the uterus contraction. c Doses of 2.7 pglml yielded infibition; 4 pglml sensitized the rat uterus toward 5-hy- 
droxytryptamine. d Doses of 16.6 pglml showed an inhibition of 15%. Increasing doses (progression factor = 2) yielded the same response. 


in 20 ml of anhydrous ether at Oo. The mixture was stirred for 15 min, 
water (20 ml) was added, and the ether was separated off. The aqueous 
solution was again extracted with ether. The extracts were dried with 
anhydrous sodium sulfate, and the solvent was driven off. The liquid 
obtained was distilled. 
3-(3-Ethylarninopropyl)-2-rnethylindolizine (IX) and 3-(3-Di- 


ethylaminopropyl)-2-methylindolizine (XI)-A solution of 0.025 mole 
of VIII or X in 50 ml of anhydrous ether was slowly added to a suspension 
of 0.052 mole of lithium aluminum hydride in 50 ml of ether. The mixture 
was stirred at room temperature for 18 hr; then aqueous ethanol and 30 
ml of 2 N NaOH were added. After filtration, the ethereal solution was 
dried over calcium sulfate, and the solvent was driven off. The liquid 
obtained was distilled. 
Table IV-Acute Toxicity" 


Compound LD50 (Confidence Limits), mg/kg 
Intravenous Administration 


I11 24.76 (18.37-33.38) 
VII 26.26 (24.24-28.46) 


Intraperitoneal Administration 
Tryptamine 223.2 (208.2-260.13) 


V 106.10 (90.67-124.14) 
IX 102.11 (94.38-110.5) 
XI 126.32 (107.91-147.92) 


XI1 52.97 i47.76-58.48) 
XI11 28.89 (24.73-38.89) . - -. -. , xv 62.54 (55.7-7034) 
XVI 19.44 (17.38-21.74) 


a All values refer to the free base. 


3-(3-Aminopropyl)-2-methyl-5,6,7,8-tetrahydroindolizine ( X I I )  and 
N-Alkyl Derivatives (XIII-XV1)-A mixture of 0.023 mole of the suit- 
able indolizine 111, V, VII, IX, or XI in 100 ml of absolute ethanol, 1 g of 
5% palladium-on-charcoal, and a few drops of acetic acid was hydroge- 
nated at  room temperature at a pressure of 0.027 atm. Hydrogenation 
was stopped when 2 moles of hydrogen/mole of the compound had been 
absorbed (7 days). The catalyst was filtered off, and the solution was made 
alkaline with 2 N NaOH and extracted with ether. The ethereal extract, 
dried over anhydrous sodium sulfate, was evaporated. The liquid ob- 
tained was distilled. 


For Compound XII, the IR spectrum showed urnax (liquid film) 3350 
and 3280 (NH2) cm-I; NMR (CClJ: 6 5.26 (6, lH, 1-HI, 3.6 (t, 2H, 5-CHz), 
2.92-2.23 (m, 6H, B-CHz, CHzCCHz), 2-1.9 (m, 2-CH3, 7-CHz, 6-CH2, 
CCHzC); and 0.89 ( s ,  2H, NHz) ppm. 


Maleates of Indolizines I l l ,  V, VII,  IX, and XI-XVI-The suitable 
base in anhydrous ether was added slowly to a stirred equimolar solution 
of maleic acid in anhydrous ether. The maleate precipitated and was then 
filtered off and recrystallized. The maleates of bases XI and XIV-XVI 
are highly hygroscopic, and it was not possible to crystallize them; they 
were used in the pharmacological tests after drying in vacuum. The other 
maleates and the indolizines synthesized, with the exception of the nitrile, 
are unstable to light and air but can be kept for several months in an inert 
atmosphere in a refrigerator. 


Biological Activities-The following properties of the synthesized 
compounds were studied: (a) in uitro, the anti-5-hydroxytryptamine 
action, using the uterus of the rat in estrus, and the antihistamine and 
antiacetylcholine activities, using the isolated terminal guinea pig ileum; 
and ( b )  in uiuo, the effects on the CNS. In addition, the LDa after ad- 
ministration of a single drug dose was determined. 


Uterus of Estrous Rat-The technique described by Erspamer (14) 
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Table V-Effects on the  CNS" 


Barbiturate 


Potentiationf 
Dose *, Behavior in Narcosis 


Compound m g k  Grip Strengthc Groomingd Open Field' 


Controls 
111 


VII 
8.03 
8.45 


Intravenous Administration 
221.1 f 9.3 


178 f 7 
207 f 17.2 


51.8 f 19.7 
76.1 f 18.3 
82.8 f 19.4 


9.5 f 2.1 
4.3 f 1.3 
5.4 f 1 


Intraperitoneal Administration 
17.4 f 1.8 Controls 169 f 12.4 17.8 f 4.3 


Tryptamine 76.6 140.19 f 10.59 128.9 f 15.46 1.3 f 0.44 
V 34.92 150.73 f 11.33 51.8 f 21.4 8.84 f 2 


IX 32.5 198.39 f 13.1 33.1 f 22.2 3.39 f 2 
XI 41.97 137 f 7.75 133.9 f 18.9 2.81 f 0.93 


XI1 17.44 133.9 f 13 
XI11 9.82 121.77 f 13.5 61.94 f 17.29 8.7 f 2.35 xv 20.43 152 f 6.2 135.5 f 18.9 4.33 f 0.24 
XVI 6.54 183 f 7 68.3 f 17.8 11.42 f 1.75 


108.38 f 21.42 17.69 f 4.6 


0 
0 
0 


0 
90 
20 
30 
20 
40 
0 
0 
0 


a Figures are the mean f SE of the results obtained on 10-15 mice. All values refer to the free base. Arbitrary units. Latency time of the reflex. e Rearing reaction 
(during a 3-rnin period of observation). Percentage of mice that lost the righting reflex. 


was followed. The organ was suspended in 15 ml of Tyrode nutrient so- 
lution (15) oxygenated by bubbling air and kept at  32". 


Guinea Pig Ileum-A segment of terminal guinea pig ileum was im- 
mersed in 15 ml of Krebs liquid (16), aerated, and kept a t  32'. The 
technique described by Zamboni and Vitali was followed (17). 


Determination of Antagonistic Actiuity-The dose of drug capable 
of reducing by 50% the response evoked by a standard dose of 5-hy- 
droxytryptamine (0.017 pg/ml), histamine (0.016 pg/ml), and acetyl- 
choline (0.2 pg/ml) was determined. The time of contact of the antagonists 
with the organ was always 2 min for the guinea pig ileum and 4 min for 
the rat uterus (Table 111). 


As comparison standards, tryptamine hydrochloride2 and specific 
inhibitors of 5-hydroxytryptamine (metergoline maleate3), histamine 
(di~henhydramine~),  and acetylcholine (atropine sulfate5) were used. 
In addition, the following agonists were used: 5-hydroxytryptamine 
creatinine sulfate5, histamine dihydr~chloride~, and acetylcholine 
chloride7. 


The products synthesized were used as maleates. Compound XIV was 
not tested because of its rapid decomposition in solution. 


In Vivo Tests-The experiments were performed on 25-35-g Swiss 
male albino mice. The drugs were dissolved in distilled water and injected 
in a fixed volume of 1 m1/100 g ip. Compounds 111 and VII, available only 
in very small amounts, were injected intravenously. 


The LDm was determined by Weil's method (181, evaluating the effect 
of the drugs 14 days after administration (Table IV). The effects on the 
CNS were studied by the following tests on groups of a t  least 10 animals: 
grip strength (191, grooming (20), exploratory activity in an open field 
(rearing reaction) (21), and potentiation of the hypnotic action of bar- 
biturates (22). In these experiments, the drugs were always injected a t  
a concentration of one-third of the LD50 (Table V). 


A control test was performed on groups of animals to which pure dis- 
tilled water was administered under the same conditions. As the com- 
parison standard, tryptamine hydrochloride was used. 


RESULTS AND DISCUSSION 


Since the scope of this work was to investigate whether the replacement 
of the indole by the indolizine system led to particular variations in 
pharmacological activity, tryptamine as a reference indole derivative was 
included. As can be seen from Table 111, all compounds showed in uitro 
inhibitory action toward 5-hydroxytryptamine, histamine, and acetyl- 
choline. 


The action was always more pronounced in the indolizine derivatives 
than in the corresponding tetrahydroindolizine derivatives. The degree 
of alkylation of the nitrogen atom of the chain had some influence on the 
magnitude of the pharmacological activity. Thus, the antihistamine ac- 
tivity decreased in the following sequence: dialkyl, monoalkyl, and 
unalkylated amines; the antiacetylcholine activity decreased in the se- 


Fluka. 
Farmitalia, Milan, Italy. 
Parke-Davis. 
Merck. 
Ibis, Florence, Italy. 
Roche, Milan, Italy. 


quence: monosubstituted, unsubstituted, and disubstituted amines. 
The anti-5-hydroxytryptamine activity was most marked in the di- 


methylated product among the indolizine derivatives and in the 
monoethylated product among the tetrahydroindolizine derivatives. In 
the tests on the guinea pig ileum, the activity of 3-(3-aminopropyl)-2- 
metbylindolizine and its derivatives was always greater than that of 
tryptamine. On the other hand, some reduced products appeared more 
active and some less active than tryptamine. 


All compounds showed weaker activity than that of the specific an- 
tagonists such as, metergoline, atropine, and diphenhydramine. The 
products proved to be moderate depressors of the CNS, as shown by re- 
duction in the exploratory activity in the open field and by potentiation 
of the hypnotic activity of barbiturates (Table V). The reflexes were not 
appreciably changed; muscular force and motor coordination were not 
affected. On the whole, the activity of the compounds in the various trials 
was less than that shown by tryptamine under the same conditions. 


The acute toxicity was always greater than that of tryptamine, except 
for XI (Table IV). 


In conclusion, this preliminary investigation showed that the type of 
activity found in tryptamine persists on the whole, particularly in in uitro 
experiments with the terminal guinea pig ileum. In fact, in this test, all 
compounds showed a pronounced inhibitory action toward both acetyl- 
choline and histamine. Furthermore, the ratios between the concentra- 
tions of agonist to indolizine derivatives were always higher than con- 
centration ratios of agonist to tryptamine. 


The tests on the rat uterus showed a stimulating action for tryptamine, 
as reported in the literature (23). Among the new compounds, a similar 
activity was found in XI; a clear anti-5-hydroxytryptamine activitywas 
shown by all other compounds, particularly by the N,N-dimethyl de- 
rivative (VII). Similarly, in a study on tryptamine analogs, the most active 
compounds as antagonists of 5-hydroxytryptamine were those with a 
dimethyl group in the side chain (23). 


These first results appear to confirm that the NH group of indole is 
not indispensable for pharmacological activity. Hence, the indolizine 
system may be considered as a basis for biologically active compounds. 
Investigation will be extended to other series of analogous com- 
pounds. 
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Dissolution Kinetics of Soluble Nondisintegrating Disks 


C. J. de BLAEY" and H. van der GRAAFF 


Abstract tl An equation describing the isotropical dissolution of soluble 
nondisintegrating disks was developed. It was equivalent to the cube root 
law only if the height and diameter of the disk were equal. The dissolution 
kinetics of sodium chloride disks were examined, using a beaker equipped 
with a centrifugal stirrer as the dissolution chamber. The fit of the ex- 
perimental data to the cube root law had a coefficient of variation of about 
45%. I t  was demonstrated statistically that a fit to a square root of mass 
versus time relation was significantly better. With increasing porosity, 
the dissolution process proceeded faster than predicted on the basis of 
the diffusion-convection model. An explanation is proposed by assuming 
an increased effective dissolution surface. 


Keyphrases tl Dissolution kinetics-soluble nondisintegrating disks, 
equation developed, related to cube root law tl Kinetics, dissolution- 
soluble nondisintegrating disks, equation developed, related to cube root 
law 


Dissolution kinetics have been studied mainly by 
applying film theory. Recently, the subject was reviewed 
for monodisperse particles (1) and polydisperse particle 
systems (2). Larger bodies such as tablets, which have re- 
ceived little attention so far, have had a constant surface 
exposed to the dissolution fluid when studied (3). Com- 
pletely exposed 1-cm sodium chloride cubes were studied 
(4), as were benzoic acid spheres (5). 


The present article discusses the validity of the cube root 
law for completely exposed water-soluble bodies; the role 
of tablet porosity was investigated. 


THEORETICAL 


In the derivation of the cube root law (61, the changing surface during 
dissolution is expressed in terms of mass change. This approach is pos- 
sible only for symmetrical bodies; disks do not lend themselves to treat- 
ment requiring a fixed ratio between surface and mass. Such treatment 
requires the inversion of the third-order expression: mass = 2apr3 + 
arpr2, in which p is the tablet density, r is the radius, and a is a constant 
equal to height (H) minus 2r. 


The root r = f ( M )  is such that no procedure for the integration of 
dMldt is available. Therefore, another approach was followed based on 
the zero-order decrease rate of linear dimensions of isotropically dis- 
solving particles. In this way, an equation was derived (7) that describes 


the dissolution kinetics of small spheres and one arrives at  the cube root 
law. 


If a flat cylindrical disk is assumed, the following expressions for iso- 
tropical dissolution ensue: 


mass M = rprt2Ht 


drldt = b 


dHldt = 2b 


rf = ro - bt 


Ht = Ho - 2bt 


where subscripts 0 and t stand for time zero and t ,  respectively, and b is 
a constant. Therefore: 


dMldt = a p  d(rt2Ht)ldt  (Eq. 6a) 


dMldt = aprt2dHldt  + rpHl drt2fdt (Eq. 6b) 


dMldt = nprl dHldt + 2rpHtrl drldt (Eq. 6c) 
Substitution of Eqs. 2-5 in Eq. 6c gives: 


dMldt = 2apb(ro - btI2 + Brpb(H0 - 2bt)(ro - bt) (Eq. 7) 


which can be rewritten as: 


dMldt = C1 + C2t + C3t2 (Eq. 8) 


with CI = 2apbro(Ho + ro), CZ = -2rpb2(Ho + 4ro), and C3 = 6rpb3. 
Integration of Eq. 8 results in: 


(Eq. 9 ~ )  


MtlMo = 1 + C4t + C5t2 + Cst3  (Eq. 9b) 


Equation 96 describes the dissolution of flat nondisintegrating disks; it 
is equivalent to the Hixson-Crowell cube root law if a cube root of Eq. 
96 can be found. Thus, if its coefficients are related as in ( x  + Y ) ~ ,  then 
(C4)3 = 27Cs and (C.# = -3Cs. Writing C4 = C l f M o  and then substi- 
tuting C1 (Eq. 8) and Mo (Eq. 1) give: 


Mt = Clt  + 0.5Czt + 0.33C3t3 + Mo 
or: 


Similarly, C5 and Cg can be elaborated. This approach shows that the 
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Degradation of Carmustine in Aqueous Media 


PAUL A. LASKAR” and JAMES W. AYRES 


Abstract 0 The degradation rate of carmustine was investigated in 
buffered aqueous media at several pH values. The buffering agents 
studied were those with potential use in parenteral formulations of this 
drug: acetate, citrate, and phosphate. The apparent first-order degra- 
dation rate constants were calculated using a linear regression procedure. 
A pH range over which minimum degradation occurred was ascertained. 
General acid and specific base catalysis was demonstrated for the degra- 
dation of carmustine. From the data a t  5,22, and 37’, the apparent ac- 
tivation energies for carmustine degradation in buffered aqueous media 
were computed and were strongly pH dependent. 


Keyphrases Carmustine-degradation rate in aqueous media, effect 
of pH and temperature Degradation rate-carmustine in aqueous 
media, effect of pH and temperature 0 Antineoplastic agents-car- 
mustine, degradation rate in aqueous media, effect of pH and tempera- 
ture 0 Stability-carmustine in aqueous media, effect of pH and tem- 
perature 


Drugs for the treatment of neoplastic disease have re- 
ceived a great deal of attention. Several thousand chemical 
agents are systematically screened each year for antineo- 
plastic activity, but only a small percentage exhibit activity 
and are tested further for clinical utility. Carmustine 
[ 1,3-bis(2-chloroethyl)-l-nitrosourea; NSC 4099621 (I) was 
effective in treating L-1210 leukemia, including cases 
where the central nervous system was involved (1-4). 


Prior to the interest in I as a therapeutic agent, a study 
indicated that 1-methyl-1-nitrosourea (NSC 23909) (11) 
was unstable in aqueous solution (5), as was a nitrosam- 
ide-containing antibiotic, streptozocin, (6). The kinetics 
of I degradation were considered, and this compound also 
was unstable in aqueous media (4,7). 


Because I is often administered via intravenous solution 
(8, 9), further consideration of its stability in various 
aqueous media suitable for intravenous use is desirable. 
In addition, knowledge of the temperature dependence of 
the degradation of I is needed to obtain useful shelflife data 
and to determine desirable storage criteria. Furthermore, 
knowledge of acid or base catalysis also may be of value in 
formulating I. 


The few published studies directed toward optimizing 
a parenteral formulation for I emphasized technological 
considerations such as lyophilization of drug solutions and 
dry filling with sterile solids (10-12). A formulation for 
clinical use was prepared by dry filling vials with sterile 
solid I and sterile, screened mannitol (11, 12). Alterna- 
tively, a solution of I in absolute ethanol was filtered 


through a 0.25-pm membrane and lyophilized (10, 11). 
These formulations should be used within 1 and 2 hr, re- 
spectively, following reconstitution with ethanol and 
dilution with saline (10,12). 


The purpose of this investigation was to perform ac- 
celerated stability studies on I in various aqueous media 
suitable for injection. 


EXPERIMENTAL 


Reagents-Carmustine, an investigational new drug, was obtained1 
as a lyophilized powder. All other chemicals were reagent grade. 


Materials and Methods-All buffers and other solutions were pre- 
pared in volumetric flasks. Distilled water used for dissolving the basic 
component of the buffer systems was freshly boiled and cooled. Unless 
noted otherwise, solutions were stored at ambient temperature. Com- 
pound I, 0.025 g (stored at -19 f lo), was dissolved in sufficient cold (OO) 
ethanol to make 25 ml of stock solution. The stock solutions were stored 
at -19 f 1’ for not longer than 7 days. 


Buffer solutions were prepared using published procedures (13,14). 
All buffer solutions were checked for conformance to the desired pH using 
a pH meter calibrated at ambient temperature (20-22O) with a pH 
standard. When necessary, the pH was adjusted to within 0.05 pH unit 
of the nominal value with either the acidic or basic component of the 
buffer. 


Degradation Experiments-All solvent systems were preequilibrated 
to the experiment temperature. For ambient (22 f 1’) and physiological 
(37.0 * 0.5”, forced-air oven) temperature experiments, the media were 
first allowed to equilibrate for a t  least 16 hr. For experiments at reduced 
temperature, the media were first chilled in a ice bath (1.0 f 0.5’) for at 
least 15 min. 


To a volume (-40-45 ml) of preequilibrated media was added 1.0 ml 
of I stock solution (1 Wglml). Then the volume was brought rapidly to 50 
ml with the appropriate medium, the mixture was shaken, and the time 
was recorded. A zero-time sample (0.2 ml) was taken for analysis, and the 
experimental solution was stored at the appropriate temperature. At  
designated time intervals, a sample volume (0.2,0.5,1.0, or 2.0 ml) was 
removed for analysis. 


The criterion used to determine the sample size was that the apparent 
concentration should not fall below 1.0 pglml or exceed 5.0 Wg/ml; the 
optimum range was 2-4 pg/ml to be well within the linear portion of the 
calibration curve. The sampling time interval depended in part on a 
previously observed or expected degradation rate. 


Analytical Method-The colorimetric method of Loo and Dion (15) 
was utilized. The use of any substance that might interfere with the an- 
alytical method was scrupulously avoided. 


An experimental sample volume not greater than 2.0 ml or estimated 
to contain between 1 and 5 pg of I/ml was added to a 17 X 150-mm Pyrex 
test tube. If necessary, sufficient distilled water was added to yield a total 


1 Merck Chemical Co. (through the National Cancer Institute). 
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Table I-Parameter Values for Linear Regressions of Logarithm 
of Apparent Degradation Rate Constants for I on pH 


Temperature Regression 
nH Condition ( O K )  Coefficient (SE)  Intercept 


~~ ~~ 


Citrate buffer (pH 3.0,4.0, 278 -0.106 (0.026) 0.001 
and 5.0) and acetate 
buffer (pH 3.6, 4.0, and 
5.0) 


phosphate buffer (pH 
6.0,6.6, and 7.6); barbital 
buffer (pH 7.4 and 8.0) 


Phosphate buffer (pH 6.0, 278 1.01 (0.04) 2.91 X 
6.6, and 7.6) 295 1.07 (0.05) 3.26 X 


310 0.93 (0.13) 5.46 X 


Citrate buffer (pH 6.0); 295 1.27 (0.07) 8.86 X 


volume of 2.0 ml and the contents were mixed. To this solution was added 
1.0 ml of 0.5% (w/v) sulfanilamide in 2 N HCl, and the solution was mixed 
and incubated in a water bath with a shaker a t  50 f 0.01' for 45 min. The 
position in the water bath was randomized to minimize any position- 
dependent effects on the analytical results. 


After 45 min, the solution in the tubes was rapidly chilled in an ice- 
water mixture. To the cooled solution was added 0.2 ml of 0.3% (w/v) 
N-(I-naphthy1)ethylenediamine dihydrochloride, and the mixture was 
agitated. The color was allowed to develop for 10 min, after which the 
percent transmittance was determined using a spectrophotometer2 at 
540 nm calibrated with a reagent blank. The order of percent transmit- 
tance determination of samples was randomized, and the amount of I 
remaining was determined with a calibration curve. 


An initial experiment to determine the reliability of the standard curve 
used the following nominal concentrations prepared from the I stock 
solutions: 0, 0.01, 0.05, 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, and 50.0 pglml. The 
conformance of the colorimeter as well as the reagents to the calibration 
curve was checked at  periodic intervals throughout the study using an 
abbreviated set of standards. 


RESULTS AND DISCUSSION 


The colorimetric method of Loo and Dion (15) was utilized to quantify 
I, and the calibration curve generated from pooled data was linear from 
about 0.5 to 7 wg/ml. When subsequent batches of reagent solutions were 
used, neither batch- nor time-dependent variation was detectable. 


The effect of solvents and other adjuvants on drug degradation under 
some constant conditions can often be described according to the ap- 
parent first power of the drug concentration (16). A nitroso-containing 
compound related to the nitrosoureas, as well as several nitrosoureas, 
demonstrated first-order rate dependency (4,6,7,17,18). Therefore, the 
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Figure I-Logarithm rate constunt-pH profile at 278 O K .  


2 Bausch & Lomb Spectronic 20. 
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apparent first-order degradation rate constants for I in several buffer 
systems at  three temperatures were computed from a linear regression 
of the logarithm of I remaining on time. 


Examination of the linear regression lines for quadratic and cubic 
curvature revealed no significant departures from linearity for the data, 
indicating that the assumption of apparent first-order degradation is 
justified. When the rate constants for degradation in the various buffer 
solutions were plotted as the logarithm of the observed rate constants 
uersus pH, the degradation rate minimum appeared between pH 5.2 and 
5.5 (Fig. 1). The rate constants computed at a particular pH, regardless 
of the buffer system, remained similar, indicating the absence of catalytic 
effects by any one buffer species. 


The results of regression of the logarithm of the degradation rate 
constants for I on pH in acetate and citrate buffers in the pH 3-5 range 
are summarized in Table I. The regression coefficient was nonzero and 
not equal to -1 at the 95% confidence level. Therefore, there is no reason 
to expect specific acid catalysis. Because the regression coefficient was 
significantly nonzero, the presence of only solvolysis was also ruled out 
and general acid catalysis was likely. 


Determination of catalysis by base is also possible by examining Fig. 
I in the basic pH region. 


The results of the regression of the logarithm of the apparent degra- 
dation rate constant for I on pH for citrate, phosphate, and barbital 
buffers in the pH 6-7.6 range appear in Table I and are illustrated in Figs. 
1 and 2. The slope of the line was significantly nonzero but also signifi- 
cantly different,than 1 at the 95% confidence level. This result indicates 
general base catalysis, which is disconcerting since the regression coef- 
ficient was nonzero and not significantly different than 1 at  the 95% 
confidence level when only the phosphate buffers were used. The results 
are also shown in Table I. 


The slope with combined citrate, phosphate, and barbital buffers in- 
creased with temperature, but the slope for the phosphate buffers showed 
no such tendency. If the degradation rate constant in a particular buffer 
was inordinately low at  a low pH or high at  a high pH, this result could 
be expected. The rate constants for I were lower in citrate buffer than in 
phosphate buffer a t  comparable pH values, and this difference increased 
with increasing temperature. While the difference at  5O was consistent 
but not great, the difference at 37' amounted to a factor of about 2. It is 
not likely that this result was anomalous, since it was consistent over all 
replications of both buffers. 







Table 11-Effect of Total Phosphate Concentration on Apparent 
Degradation Rate Constant of I in  Phosphate Buffer at Several 
p H  Values 
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0.2 6.0 12.6 (0.30) 197.2 (3.11) 1281.5 (83.98) 
6.6 22.8 (0.45) 353.3 (24.20) 2818.4 (85.51) 
7.6 58.9 (2.82) 1069.0 (24.34) 5428.9 (549.29) 


0.05 6.0 12.9 (0.22) 179.4 (24.89) 1395.2 (31.18) 
6.6 24.5 (0.45) 397.2 (11.43) 2922.4 (81.61) 
7.6 68.2 (1.17) 1053.3 (20.98) 7431.1 (384.5) 


These data indicate that a t  pH 6 citrate seems to have a stabilizing 
effect on I. While the converse, that phosphate has a catalytic effect on 
nitrosourea degradation, was asserted (7,18) and denied (4), the data in 
this experiment do not support the hypothesis of phosphate catalysis, 
primarily because the degradation of I in phosphate buffers was inde- 
pendent of phosphate concentration (Table 11). Although the monohy- 
drogen phosphate anion is said to be the catalytic species (7,18), degra- 
dation rate determinations for I a t  differing total phosphate concentra- 
tions, and thus differing monohydrogen phosphate anion concentrations, 
provide a measure of such an effect. Since the rate constants a t  any par- 
ticular pH and temperature with different ionic strength of phosphate 
buffers were the same within replication error, evidence for phosphate 
catalysis is lacking. 


The observation that the slope of the logarithm of the apparent deg- 
radation rate constant uersus pH for the phosphate buffers was not sig- 
nificantly different than 1 supports the view of no catalytic effect by 
phosphate. Finally, from examination of Figs. 1 and 2, it can be seen that 
the degradation rate constants for I in barbital buffer a t  pH 7.4 and for 
phosphate a t  pH 7.6 were similar, which suggests that no catalytic effect 
by phosphate or barbital was taking place. These observations tend to 
rule out the likelihood of specific phosphate catalysis for degradation of 
I. 


The temperature dependence of the degradation rate constants for I 
in the various buffer systems provides data useful in performing accel- 
erated stability analyses. The activation energies for the degradation of 
I in the various buffer systems were calculated by transforming the 
coefficient obtained for the regression of the logarithm of the apparent 
degradation rate constants on the reciprocal of absolute temperature 
(Table 111). The activation energy appears to be proportional to the pH 
at which the activation energy was calculated. 


To examine this possibility, the hypothesis that the activation energies 
are the same was tested using analysis of variance techniques (19) (Table 
IV); results indicated that this hypothesis should be rejected. To examine 
the possibility that there is a relationship between the activation energy 
and pH, a regression of the activation energy on pH was calculated (Table 
IV). While the regression of activation energy on pH was highly signifi- 
cant, the deviations from linear regression were also highly significant 
(Fig. 3). This relationship, however, seems linearized using a graph of the 
logarithm of the activation energy versus pH (Table IV and Fig. 4). 


This effect of pH on the activation energy and linear relationship of 
the logarithm of the activation energy uersus pH might be explicable if 
specific base catalysis is assumed. The rate constant used in determining 
the activation energy is the apparent rate constant or microscopic ex- 


Table 111-Activation Energies of I in Buffered Aqueous Media 


Activation Energy, 
kcallmole ( S E )  Buffer PH 


Citrate 3.0 13.63 (1.56) 
4.0 15.40 (1.14) 
5.0 18.94 (1.43) 
6.0 20.17 (1.34) 


Acetate 


Phosphate 
(I" = 0.2) 


Phosphate 
(I = 0.05) 


3.6 
4.0 
5.0 
6.0 
6.6 
7.6 
6.0 
6.6 
7 ~ 6  . .- 


Barbital 7.4 
8.0 


4 I = ionic strength. 


17.29 (1.98) 
19.88 (1.20) 
19.14 (0.74) 
19.25 (2.02) 
25.55 (0.79) 
24.75 (0.81) 
25.30 (0.37) 
25.95 (0.35) 
25.14 io.39j 
25.92 (0.02) 
27.31 (0.12) 


Table IV-Examination of Homogeneity of Slope of Activation 
Energy of I a t  Several pH Values and Regression a of Activation 
Energy on pH 


Source of Variation df ss MS 
Homogeneity of Slope 


Among regression coefficients 9 6.8 X 105 7.6 X lo4 
Within regression (weighted 14 2A X lo2 1.7 X lo1 


mean of deviations) 
Regression of Logarithm Activation Energy on pH 


Linear regression 1 0.525 0.525 
Deviation from linear 8 0.069 0.008 


regression 
Within DH erouDs 5 0.048 0.009 


4 The regression equation was In AH$ (kcal/mole) = In 10.51 + 0.12 (f0.016) 
PH. 


perimental degradation rate constant, which includes contributions of 
all catalytic species. Since the macroscopic rate constant for the hydroxide 
anion has the greatest magnitude of the catalytic constants, the apparent 
degradation rate constant for which the activation energy is calculated 
is (20): 


Kapp = KO -t KoHIOH-I (Eq. 1) 
where Kapp, KO, and KOH are the rate constants observed for the uncat- 
alyzed reaction and for the hydroxide-ion contribution and (OH-] is the 
hydroxide-ion concentration. 


The apparent activation energy computed from the slope of the graph 
is a function of the activation energy for K O  as well as that for KOH. Aside 
from demonstrating that there is a marked temperature dependence of 
the hydroxide-anion rate constant, the results indicate that the tem- 
perature dependence of the uncatalyzed solvolytic rate constant for I is 
not particularly strong. 


The results indicate a minimum degradation rate between about pH 
5.2 and 5.5. Examination of the degradation rate constants obtained in 
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Figure 3-Actiuation energy-pH profile for buffered aqtieous sys- 
tems. 


Vol. 66, No. 8, August 1977 1 1075 







- CITRATE BUFFER 
A - PHOSPHATE BUFFER 


- BARBITAL BUFFER 


REGRESSION LINE 


- ACETATE BUFFER 


30f  --- 
/ 


/n 


/ I / 


I 


d 
’e ’0 


/ 
’e 


, 
0 ,’. 
0’ A ’ 


/ 


10 
2 3 4 5 6 7 8 


PH 
Figure 4-Logarithm activation energy-pHprofile for buffered aqueous 
systems. 


the accelerated stability analysis studies (Table I) indicates that I would 
have a short useful life at room temperature in the buffer systems studied. 
Ten percent degradation would occur in about 14 hr in the citrate buffer 
at pH 5.0. However, storage in the refrigerator (-5O) would prolong the 
time for 10% degradation to about 5.5 days. 


These preliminary results indicate that it may be feasible to reconsti- 
tute I in some intravenous solutions at  pH 5.2-5.5, to  store the mixture 
at 5’ for a few days, if necessary, and then to administer I parenterally. 
Further work is underway to determine the effect of certain electrolytes, 
commonly found in intravenous solutions, on the stability of I. 
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Degradation of Carmustine in Mixed Solvent and 
Nonaqueous Media 


PAUL A. LASKAR” and JAMES W. AYRES 


Abstract 0 The degradation rate of carmustine in several solvent mix- 
tures and in mannitol solution was investigated at  5,22, and 37O. The 
solvents chosen were those utilized as parenteral diluents. The apparent 
first-order degradation rate constants were computed using a linear re- 
gression procedure. The most nonaqueous solvent mixtures demonstrated 
minimum apparent degradation rates. The apparent degradation rate 
constant decreased with a decrease in the macroscopic dielectric constant. 
From the data at several temperatures, the apparent activation energies 
for carmustine degradation in the several solvent mixtures were calcu- 


lated. There was no evidence for< relationshipbetween the apparent 
activation energy and the dielectric constant. 


Keyphrases o Carmustine-degradation rate in mixed solvents and 
nonaqueous media, effect of temperature 0 Degradation rate-car- 
mustine in mixed solvents and nonaqueous media, effect of temperature 
0 Antineoplastic agents-carmustine, degradation rate in mixed solvents 
and nonaqueous media, effect of temperature 0 Stability-carmustine 
in mixed solvents and nonaqueous media, effect of temperature 


Numerous chemotherapeutic agents, including the ni- 
trosoureas, show promise in the treatment of neoplastic 
diseases. The formulation of these agents into clinically 
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useful dosage forms has, however, been slow. Carmustine 
(1,3-bis(2-chloroethyl)-l-nitrosourea; NSC 4099621 (I), like 
many other nitrosoureas, has relatively poor aqueous sol- 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants XXIX: Elimination Kinetics and 
Anticoagulant Activity of (S) - (-) - Warfarin in 
Rats before and after Chronic Administration 


AVRAHAM YACOBI and GERHARD LEVY 


Abstract 0 The kinetics of elimination and the anticoagulant effect of 
(S)-(-)-warfarin were determined in adult male rats before and after 
daily drug administration for 13 days. There was a small but statistically 
significant ( p  < 0.05) decrease in the body clearance of (S)-(-)-warfarin 
(from 4.84 to 4.37 ml/hr/kg) and an increase in the serum free fraction 
of racemic warfarin (added to serum in uitro) from 0.00850 to 0.0107 (p 
< 0.05). The concentration of @)-(-)-warfarin in serum at which the 
synthesis rate of prothrombin complex activity is one-half of the pre- 
warfarin rate increased from 0.532 to 0.655 pglml on the average ( p  < 
0.05). 


Keyphrases Warfarin-elimination kinetics and anticoagulant ac- 
tivity, effect of chronic administration, rats 0 Elimination kinetics- 
warfarin, effect of chronic administration, rats Anticoagulants- 
warfarin, elimination kinetics and activity, effect of chronic adminis- 
tration, rats Coumarins-warfarin, elimination kinetics and antico- 
agulant activity, effect of chronic administration, rats 


The coumarin anticoagulants act by inhibiting the 
synthesis of the vitamin K-dependent clotting factors I1 
(prothrombin), VII, IX, and X. This inhibitory effect is 
accompanied by the formation of so-called abnormal 
prothrombin in humans (1-4), oxen and cows (5-8), and 
rats (9-12). In humans treated with a coumarin antico- 
agulant, abnormal prothrombin can be detected within 
8-12 hr after drug administration and becomes the pre- 
dominant form of prothrombin in plasma after 24-84 hr 
(3). The earlier investigations suggested that abnormal 
prothrombin has no coagulant activity; more recently, it 
has become apparent that there are several abnormal 
prothrombins and that some do have activity, but con- 
siderably less than that of normal prothrombin (4, 8). 
Apparently, abnormal prothrombin is a precursor of nor- 
mal prothrombin and accumulates during treatment with 
coumarin anticoagulants, because these vitamin K an- 
tagonists interfere with the conversion of the precursor to 
its fully biologically active form (9,11,12). 


The clinical implications of the accumulation of ab- 
normal forms of prothrombin during chronic treatment 
with dicumarol or warfarin are not known. In view of the 
potential hazards of conducting such studies in humans, 


an investigation was carried out in rats to determine the 
relationship between the anticoagulant effect and the 
warfarin concentration in plasma before and after chronic 
drug administration. While the results may differ quan- 
titatively from those in humans, it is considered likely that 
they will reflect in principle the events that may be en- 
countered clinically. 


EXPERIMENTAL 


This investigation was carried out in five phases: ( a )  screening of rats 
for serum protein binding of warfarin, ( b )  administration of a single large 
dose of warfarin to rats whose serum free fraction of warfarin varied 
widely and determination of the time courses of drug concentration and 
anticoagulant activity in plasma, (c )  daily administration of a mainte- 
nance dose of warfarin to these rats for 13 days, ( d )  administration of a 
second large dose of warfarin and determination of the time courses of 
drug concentration and anticoagulant activity in plasma, and ( e )  deter- 
mination of serum protein binding of warfarin. 


A 3-ml blood sample was taken from the tail artery of 26 adult male 
Sprague-Dawley rats, and the serum was separated. The serum was 
spiked with racemic I4C-warfarin, about 1 pg/ml, and the free fraction 
was determined by equilibrium dialysis (13). 


Based on the results of the screening study, 12 rats with widely differing 
serum free fraction values for warfarin were selected. Their body weights 
ranged from 350 to 440 g during all phases of the investigation. They re- 
ceived a 0.6-mg/kg iv injection of 3H-(S)-(-)-warfarin (specific activity, 
1.43 mCi/mg). 


Blood samples (0.45 ml) were taken serially from the tail artery until 
prothrombin complex activity had returned to between 60 and 80% of 
the prewarfarin level. Plasma warfarin concentrations were determined 
by scintillation counting after extraction and TLC using a slight modi- 
fication of a previously described method (14). To 0.2-ml samples of 
plasma was added 5 pl of unlabeled (S)-(-)-warfarin, 1 mg/ml, in acetone 
solution. The samples were then acidified and extracted with 2.5 ml of 
ethylene dichloride from which 2 ml was evaporated under nitrogen for 
chromatography (14). Recovery of 3H-(S)-(-)-warfarin from spiked 
samples was 88.3 f 2.4% (mean f SD, n = 16) in the 0.013-6.33-pg/ml 
concentration range and was independent of concentration. Determi- 
nations of prothrombin complex activity and pharmacokinetic calcula- 
tions were carried out as previously described (14). 


After completion of the single-dose warfarin study, the rats received 
daily injections of 3H-(S)-(-)-warfarin, 83-98 pg/kg ip, for 13 days to 
maintain prothrombin complex activity synthesis rate (Ray”) at about 
30% of normal. 


Two days after the last maintenance dose, the rats received another 
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Table I-Pharmacokinetic Constants of (S)-(-)-Warfarin before and after Chronic Drug Administration to Selected Rats 
Range Mean 


Constant Before After Before After Ratioa, Before/After 


Half-life, hr 10.4-46.7 10.3-47.8 22.4 24.1 0.938 f 0.114 
Volume of distributionc, ml/kg 88.2-145 86.7-145 117 113b 1.05 f 0.089 
Total clearance, ml/hr/kg 1.68-9.58 1.47-8.13 4.84 4.37d 1.14 f 0.180 
Serum free fraction of racemic warfarin. X 100 0.247-1.74 0.238-2.31 0.850 1.07d 0.819 f 0.121 


a Mean f SD, n = 11. Not statistically significantly different from the Before value. The apparent volume of distribution after chronic administration was determined 
Statistically significantly by dividing the intravenous dose by the extrapolated zero-time drug concentration minus the concentration immediately before injection. 


different ( p  < 0.05) from the Before value by paired t test. 


0.6-mg/kg iv dose and serial blood samples were again obtained for the 
determination of warfarin concentration and prothrombin complex ac- 
tivity. 


Ten days after the second large intravenous dose, the rats were sacri- 
ficed by removing blood from the aorta under ether anesthesia. Serum 
was separated and used for the determination of the serum free fraction 
values of racemic and @)-(-)-warfarin. 


The pharmacokinetic studies were preceded by an experiment to rule 
out artifacts due to possible tritium exchange. Two rats received a very 
large dose of (,!+(-)-warfarin (12 mg/kg iv) together with 3H-(S)-(-)- 
warfarin, 0.6 mg/kg iv. Blood samples were obtained repeatedly over 29 
hr and assayed by scintillation counting as previously described as well 
as by spectrophotometry (15). The ratio of warfarin concentrations de- 
termined by the two methods was 1.01 f 0.05 (mean f SD, n = 7) and 
was independent of time after injection. 


RESULTS 


The rats selected had serum free fraction values for racemic warfarin 
ranging from 0.00247 to 0.0174 (representing from 98.26 to 99.75% protein 
binding). Since one of the 12 rats died during the study, data from only 
11 animals are reported. Figure 1 shows the time course of warfarin 
concentrations in the plasma of two animals, the most rapid and the 
slowest eliminator of the drug, before and after chronic warfarin ad- 
ministration. The results of all pharmacokinetic studies are summarized 
in Table I. As intended by selection of rats with widely varying serum 
warfarin free fraction values, the pharmacokinetic constants differed 
appreciably between animals. These constants changed only slightly after 
chronic drug administration, but the increases in total clearance and in 
serum free fraction were statistically significant. 
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Figure 1-Concentration of warfarin in serum of the rat with the 
highest clearance (squares) and the rat with the lowest clearance (cir- 
cles) after intravenous injection of (S)-(-)-warfarin, 0.6 mglkg, before 
(solid symbols) and after (open symbols) daily administration of the 
drug for 13 days. The symbols at zero time are the warfarin concentra- 
tions immediately before injection of the final dose. 


Strong and highly statistically significant ( p  < 0.001) correlations were 
observed between the pre- and postchronic administration values for the 
following pharmacokinetic constants in individual animals: serum free 
fraction of racemic warfarin (r = 0.976), biological half-life (r = 0.957), 
apparent volume of distribution ( r  = 0.876), and total clearance of ( S ) -  
(-)-warfarin ( r  = 0.910). The ratio of serum free fraction values, race- 
mic/(S)-(-)-warfarin, was 1.28 f 0.175 (mean f SD)  after chronic ad- 
ministration. Consistent with previously developed theory and experi- 
mental data on racemic warfarin (16), the total clearance of (S)-(-)- 
warfarin was proportional to the serum free fraction value of the drug 
in individual animals (Fig. 2). 


The prothrombin complex activity of the animals before administra- 
tion of the first warfarin dose was 105 f 2% of the normal standard. 
Forty-eight hours after the last chronic (maintenance) dose, the pro- 
thrombin complex activity ranged from 30.5 to 91.7% (mean, 68.6%) of 
the standard. Animals with the highest total clearance of warfarin showed 
the most rapid recovery from the anticoagulant effect of the drug. 


As in previous studies, the relationship between anticoagulant effect 
(inhibition of synthesis rate of prothrombin complex activity) and the 
logarithm of plasma warfarin concentration was essentially linear and 
could be characterized by a slope value (m)  and a point. The latter is re- 
ported here as the concentration of (Sf-(-)-warfarin a t  which the syn- 
thesis rate of prothrombin complex activity (Rsyn) is one-half of normal 
(R:,,”). The results obtained before and after chronic warfarin adminis- 
tration are presented in Table 11. There was no significant change in slope, 
but there was a significant lateral shift of the effect-log concentration 
curve toward a higher concentration range, as reflected by the statistically 
significant increase in concentration at 0.5 R:F after chronic warfarin 
treatment. 


DISCUSSION 
The two enantiomers of warfarin differ from one another with respect 


to elimination kinetics and anticoagulant potency (15). The ratio of 
plasma concentrations of the enantiomers changes, therefore, as a 
function of time (17). To circumvent possible interpretive problems in 
data analysis due to changing enantiomer concentration ratios, ( S ) -  
(-)-warfarin rather than the racemic mixture of (S) - ( - ) -  and (R)-(+)-  
warfarin was used. As a further precaution, labeled drug was used not only 
for the single-dose experiments before and after chronic drug adminis- 
tration but also for the administration of maintenance doses. The use of 
unlabeled warfarin for maintenance dosing could introduce problems 
if a “deep” compartment exists for the drug that is not apparent upon 
administration of single doses. 


Because of the pronounced interindividual differences in the serum 
protein binding of warfarin and of the consequent differences in the total 
clearance of the drug in rats (13), the serum free fraction of warfarin was 
determined in a relatively large group of rats and a smaller group with 
a relatively even and wide distribution of free fraction values was selected. 
It was possible, therefore, to examine the effect of chronic drug admin- 
istration on rapid as well as on slow eliminators of warfarin. 


There were only small and statistically not significant differences in 
the biological half-life and apparent volume of distribution of (S)-(-)- 
warfarin before and after chronic drug administration. However, the 
approximately 14% decrease in total clearance (based on individual 
clearance ratios) was statistically significant. Since the serum protein 
binding of racemic warfarin decreased by about 18% (based on individual 
free fraction ratios), the intrinsic clearance of warfarin (total clear- 
ance/free fraction) decreased even more than the total clearance. This 
conclusion is justified since there is a strong and linear correlation be- 
tween the serum free fraction values of @)-(-)- and racemic warfarin 
(18). 


Essentially linear correlations were observed between the serum free 
fraction and total clearance values before and after chronic drug ad- 
ministration. These observations indicate that the changes in phar- 
macokinetic parameter values were of the same relatiue magnitude in 
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Table 11-Relationship between Anticoagulant Effect and Serum Warfarin Concentration before and after Chronic Administration 
of (+(-)-Warfarin to Selected Rats 


Plasma Concentration at  
Ratio of m Values, 0.5 R:””, pglml Ratio of Concentrations, - Slope (- m )  


Rat Before After BeforeIAfter Before After BeforeIAfter 
0.163 0.129 1.26 
0.178 0.166 1.07 
0.191 0.223 0.856 


1 1.13 0.966 
2 1.63 1.22 
3 1.16 1.49 0.778 
4 1.53 1.25 1.22 0.232 0.315 0.736 
5 0.962 1.00 0.962 0.155 0.158 0.981 
6 1.07 1.53 0.699 0.266 0.255 1.04 
7 1.89 1.88 1.00 0.898 1.15 0.781 
8 1.50 -0 - 0.529 -a - 
9 1.86 1.84 1.01 0.843 0.998 0.845 


10 1.52 1.79 0.849 1.11 1.42 0.782 
11 1.26 2.33 0.541 1.28 1.74 0.736 


Mean 1.40 1.53c 0.957 0.532 0.655d 0.909 


3 


s n 0.247 0 172 
~ ~ ~~ 


This rat was given vitamin K to prevent bleeding. All means without Rat 8. C Not statistically significantly different from the Before value. d Statistically significantly 
different ( p  < 0.05) from the Before value. 


rapid and slow eliminators of warfarin. The reasons for these changes are 
not evident. They could be age dependent, but this possibility is unlikely 
since the time interval between experiments was well within the middle 
age phase of the animals. Another possibility, also entirely speculative, 
is that accumulation of drug metabolites caused product inhibition of 
warfarin biotransformation. 


The anticoagulant effect-log plasma warfarin concentration curves 
were significantly shifted to the higher concentration range after chronic 
drug administration. The magnitude of this shift was even greater in 
terms of unbound drug concentration, since plasma protein binding of 
warfarin decreased somewhat after chronic drug administration. It would 
have been desirable to monitor steady-state drug concentrations and 
prothrombin complex activity during chronic administration, but this 
could not be done because the number of blood withdrawals from the tail 
artery of the rat is limited by scarification of the tail a t  the site of punc- 
ture. 


The shift of the anticoagulant effect-log drug concentration curve 
toward higher concentrations could be due to changes in the normal rates 
of synthesis or degradation of vitamin K-dependent clotting factors or 
in the interaction between warfarin and its site of action. Accumulation 
of warfarin metabolities with anticoagulant activity would have had the 
opposite effect. On an entirely hypothetical basis, warfarin metabolites 
with no anticoagulant activity might, in fact, compete with warfarin a t  
the latter’s site of action and thereby act as inhibitors of the anticoagulant 
effect of warfarin. Finally, the observed effect can be a consequence of 
the accumulation, during warfarin treatment, of abnormal forms of 
prothrombin with some coagulant activity (4,8). This possibility is most 
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Figure 2-Relationship between the total clearance and the serum free 
fraction of (S)-(-)-warfarin in 11 rats after chronic dosing (r = 0.972, 
p < 0.001). 


attractive, since it is based on experimental evidence rather than on in- 
ferences. 


The changes in anticoagulant activity and total clearance of warfarin 
after chronic administration, as observed in this study, are relatively small 
and tend to cancel out. After chronic warfarin administration, higher drug 
concentrations are required to produce a given degree of anticoagulation, 
but the same dosing rate causes higher warfarin concentrations since drug 
clearance is decreased. The magnitude of these opposing effects in hu- 
mans remains to be determined. It is possible that they occur in the initial 
“loading” or presteady-state phase of warfarin therapy and, therefore, 
may have little or no effect on the therapeutic management of patients 
receiving anticoagulant therapy. 
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Mass Spectrometry of Cannabinoids 


T. B. VREE 


Abstract 0 The mechanism of fragmentation of cannabinoids to  frag- 
ments mle 314, 299, 271, 258, 246, 243, and 231 is given. Cannabidiol, 
cannabinodiol, cannabinol, A6- and A'-tetrahydrocannabinol, cannabi- 
chromene, cannabicyclol, derivatives with pentyl, propyl, and methyl 
side chains, their methyl ethers, and cis-trans and ortho-para isomers 
were analyzed by GLC-mass spectrometry using different energies for 
fragmentation during GLC elution. The following mechanism was dis- 
tinguished loss of a methyl radical, ring closure and rotation, McLafferty 
rearrangement, retro Diels-Alder, internal protonation, isomerization 
and internal bond formation, and one-step fragmentation to mle 231. 


Keyphrases Cannabinoids, various-mechanism of mass spectro- 
metric fragmentation 0 Mass spectrometry-mechanism of fragmen- 
tation of various cannabinoids 


One rapid method of identification of cannabinoids is 
combined GLC-mass spectrometry. The mass spectra of 
cannabinoids can be distinguished from each other. The 
fragmentation process is relatively slow for most com- 
pounds, taking 40-50 ev before completion, after which the 
relative intensities of the fragments do not alter (Fig. 1). 
When the relative intensities of each particular mass 
fragment are plotted against the electron energy used, the 
fragmentation process can be characterized for each can- 
nabinoid. 


In the 10-20-ev range, the fragmentation just starts; 
differences in this process between the different structures 


I~ 


20 30 40 50 60 70 80 90 
ELECTRON VOLTS 


are then relatively large. The technique of taking mass 
spectra a t  different electron voltages between 10 and 20 
ev and plotting relative intensities against electron volts 
gives very characteristic electron voltage mass fragmen- 
tograms of the cannabinoids, which, for instance, led to the 
discovery of some propyl and methyl homologs of the 
known cannabinoids. This method is also useful in eluci- 
dating the various cannabinoid fragmentation path- 
ways. 


EXPERIMENTAL 


Materials and Methods-A gas chromatograph-mass spectrometer' 
was used. Glass columns, 1.80 m X 4 mm i.d., were packed with 3% OV-17 
on 60-SO-mesh Gas Chrom Q. The temperatures were: oven, 200'; sep- 
arator, 220O; and ion source, 250'. The helium flow was 20 mllmin. Re- 
petitive mass spectra were taken at 20,18,16,14,12, and 10 ev during the 
elution of a GLC peak. The detector gain was increased in the 16-10-ev 
energy interval. The trap current was 60 ramp, and the accelerating 
voltage was 3.5 kv. The pressure in the analyzer tube was 2 X lop6 
Torr. 


The gas chromatograms were recorded by a total-ion current monitor 
a t  20 ev. Gas chromatograms of mixtures of natural and synthetic can- 
nabinoids were published elsewhere (1). The mass spectra obtained were 
normalized, and the relative abundance of a particular mass fragment 
was plotted against the electron voltage. 


Cannabinoids2-Lebanese, Nepalese, Moroccan, Columbian, Indo- 
nesian, and Congolese hashish samples and marijuana samples from 
Brazil and South Africa were powdered and extracted with ether or n -  
hexane by homogenizing for 10 min. After filtration of the extracts, most 
of the solvent was evaporated to give suitable concentrations for 
GLC-mass spectrometry. Synthetic samples were only dissolved in a 
small aliquot of ether. 


RESULTS 


Molecular Ion m/e 314-The aryl nucleus is the center of charge 
localization, and elimination of an electron from this nucleus gives the 
molecular ion mle 314. At 10 ev, the molecular ion mle 314 is the base 
peak. At 20 ev, large differences in the relative intensities between dif- 
ferent cannabinoids can be observed (Table I). 


Formation of Mass Fragment M - 15 ( m / e  299 and 295)-The loss 
of the geminal methyl group, which nearly all structures have in common, 


~ 


1 LKB 9000. Figure l--Electron fragmentogram Of trans-para-Vb. 
Fragments are formed relatiuely slowly between 10 and  30 eu. I n  this 
particular interual, small structural differences of the cannabinoids may 
result in big differences in the formation rate of certain frag- 
ments. 


Natural Cannabis samples were obtained from and identified hy Dr. A. H. Witte, 
Laboratory of Forensic Sciences, Ministry of Justice, The Hague, The Netherlands, 
and Dr. E. A. Carlini, Depto de Psicobiologia, Escola Paulista de Medicina, Sao 
Paula, Brazil. Synthetic cannabinoids were a gift from Dr. T. Petrzilka, Eidgn. 
Hochschule Zurich, Department of Organic Chemistry, Zurich, Switzerland, where 
voucher specimens were deposited. 
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Table I-Relative Intensities of Molecular Ion m/e 314 of 
Different Cannabinoids Taken at 10 and 20 ev 


Electron Volts 


Relative 
Of 50% 


Comaound 10ev 20ev Abundance 


Cannabicitran (I) 100 10 14 
Cannabicyclol (11) 100 10 14 
Cannabichromene (111) 100 10 11 
Cannahidiol (IV) 100 25 16 
A6-trans-Tetrahydrocannabinol 100 100 - 


A'-trans-Tetrahydrocannabinol 100 100 - 
(Va) 


(Vb) 


depends strongly upon the structure of the compound. In cannabinol (VI), 
the main process is this particular fragmentation; other possible frag- 
mentations are ruled out or contribute very little (2). The relative in- 
tensity of M - 15 increases when the double bond moves toward the aryl 
nucleus (Table 11). When the double bond is in the 3-4-position as in 
synhexyl (1x1, the only fragmentation of the alicyclic part is loss of a 
geminal methyl group (3) (Fig. 2). Substitution in the aryl nucleus has 
no influence on this fragmentation (Figs. 2 and 3). 


The presence of the pyran ring is necessary for this kind of fragmen- 
tation. For IV, mle 299 originates after ring closure (4), but this mecha- 
nism has strong competition with the retro Diels-Alder reaction and a 
one-step mechanism (5). This process is is also the most logical for the 
aromatic VII (3) (Schemes I and 11). 


With a series of derivatives of tetrahydrocannabinol [A6 (Va), A' (Vb), 


m/e 310 


m/e 299 
Scheme I 


OH OH 
m/e 310 


\ &csH,l - electrons attack lone-pair 0 atom - 
a t  benzyl C+ 


'c?/ 
m/e 310 


Table 11-Relative Intensities of the M - 15 Fragment of Several 
Cannabinoids 


Electron Volts 
Relative of 50% Total Ion 


Abundance a t  Relative Current a t  
Compound 20 ev Abundance 20 ev, % 


3 5 
3 


I1 
5 


3 
I11 


5 
5 


IV 
Va 10 
Vb 60 18 22 


VI 100 12 83 
Cannabinodiol (VII) 100 16 44 


- 
- 
__ 
- 


A2 (Vc), and A3 (Vd)], the loss of a geminal methyl group became the main 
process when all competing fragmentations were no longer possible (2). 
This influence of the double bond on the mass spectra might be used for 
the identification of tetrahydrocannabinol isomers because the ratios 
of relative intensities of M - 15 and M of the isomers were characteristic. 
The ratios were 0.13,0.81, 2.8,7.3,5.5,1.1, and 6.5 for Va, Vb, Vc, Vd, 
VI, VII, and IX, respectively. The mechanism given in Scheme I is based 
on the concept of charge localization at  the oxygen atom. 


With 7,7,7-trideutero-Va, loss of a methyl radical resulted in equal 
relative abundances of mle 299 and 302 (5). This observation leads to the 
conclusion that the methyl group at  position 7 is lost and that the 1-6- 
double bond (A6, Va) acts as a competitive center of charge localization. 
When the double bond moves toward the aryl nucleus, it becomes part 
of the main center of charge localization and the loss of the geminal 
methyl group becomes the main fragmentation process. 


Formation of Mass Fragment M - 43 (m/e  271 and 285)-Mass 
fragment mle 271 may be formed according to Scheme 111 (4). After ring 
opening, the possibility of hydrogen transfer or ring reclosure exists. 


When the ring is open, rotation around 3-3' axis may take place. If two 
hydroxyl groups are available for the reclosure, there is no difference in 
the position of the aromatic nucleus. If the alkyl side chain is in the 
ortho-position, the chance of ring reclosure statist,ically is only 0.5. The 
influence of the ortho-para-position of the side chain on the formation 
of mle 271 is negligible, except in the case of A6-tetrahydrocannabinol 
(Table 111). Even methylation of the phenolic hydroxyl groups has no 
influence on the formation of mle 271 (mle 285). With 3-WA6- 
tetrahydrocannabinol, complete retention of the deuterium label was 
found (m/e 271 - mle 272) (5). The finding that mle 271 in Ahis -  
tetrahydrocannabinol is 100% for both ortho- and para-isomers may be 
explained by the relief of tension of the folded structure. Ring opening 
is, therefore, favored. 


This energetically favored ring opening is not supported by the for- 
mation of mle 271 in A'-&- or trans-tetrahydrocannabinol. If the con- 
cept of charge localization in the aromatic nucleus is maintained, then 


m/e 310 m/e 295 
Scheme I1 


m/e 271 
Scheme 111 
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I OH 


12 16 20 12 16 20 12 16 20 
ELECTRON VOLTS 


Figure 2-Electron voltage mass fragmentograms of IX ,  VI, and 
VII. 
a shift of the hydrogen at  C-5 can solve the problem of the formation of 
mle 271. However, Va and Vb isomers (cis-trans-ortho-para) deuter- 
ated at  C-5 must be synthesized to give absolute proof of the mecha- 
nism. 


Formation of Fragment M - 56 and Fragmentation of Side Cham 
(m/e 258)-The side chain is not fragmented carbon for carbon SUC- 


cessively. Olivetol (X) itself shows the following mass spectra a t  20 ev: 
mle (relative abundance) 180 (M, 37), 165 (M - 15,0.39), 151 (M - 29, 
l.l),  138 (9.4), 137 (M - 43,7.8), and 124 (M - 56,100). 


The butylene elimination is the main process (Xu). If no other frag- 
mentation reaction takes place in the cannabinoid molecule, this frag- 
mentation should give the same formation rate and relative abundance 
of the M - 56 ion for all different kinds of cannabinoids. 


McLafferty Rearrangement-This type of rearrangement is found 
for the derivatives of cannabinol (VI). Substituents in the aryl nucleus 
have no influence on the elimination of one of the geminal methyl groups 
(M - 15). The relative contribution of the fragmentation of the side chain 
in the total fragmentation process is strongly dependent upon the alicyclic 
structure of the cannabinoid. a-Carbon methyl substitution in the side 
chain favors the side-chain fragmentation, as evidenced by the relative 
abundances of the formation of M - 56 in various cannabinoids: I, 0; 11, 
5; III,1; IV, 5; trans-para-Va, 45; trans-para-Vb, 30; VI, 5; a-methyl- 
trans-para-Va, 80; a,a-dimethyl-trans-para-Va, 100; a-methylhex- 
ahydrocannabinol (VIIIb), 100; and a,a-dimethylhexahydrocannabinol 
(VIIIC), 100. 


A fragmentation triggered only by the aryl nucleus also should rupture 
the substituted methyl group and, therefore, substantially increase the 
intensity of the M - 15 fragment (XI). This effect is not observed, so it 
must be concluded that the McLafferty rearrangement is favored. This 
proton transfer then is not sterically hindered by one or two substituted 
methyl groups. An increase in the fragmentation of the side chain can 
only be measured when the competing fragmentation reactions remain 
the same. 


HO 
X 


Ho @c-c-$-c-c nH 
1 


HO 
Xu 


c 
XI 


H,C m/e 246 
m/e 314 


Scheme IV 


Therefore, comparison of this fragmentation in all A6-tetrahydro- 
cannabinol derivatives is possible (Table IV). The side chain of tert- 
butyl-A6-tetrahydrocannabinol is not fragmented at  all, proving that the 
McLafferty rearrangement is the mechanism in the side-chain frag- 
mentation. After the proton transfer, the carbon-carbon bond energy 
determines the fragmentation rate. There is no active participation of 
the alicyclic ring structure because saturation of the ring system does not 
alter the fragmentation pattern of the side chain (Table V). 


Formation of Mass Fragment M - 68 (m/e  246)-Mass fragment 
mle 246 is the result of a retro Diels-Alder reaction (Scheme IV). Loss 
of a geminal methyl group gives rnle 231, which has a pyran structure. 


Is mass fragment m/e 246 a closed structure, as shown in Scheme IV, 
or an open structure resulting from the retro Diels-Alder reaction in, for 
instance, cannabidiol? With cannabidiol, the relative abundance of mle 


Table 111-Formation of M - 43 in Different Isomers of 
Tetrahvdrocannabinol (V) and Cannabidiol (IV) at 20 ev 


Relative Intensity at 20 ev of 


mle 271 mle 285 Compound 


A6-cis-ortho 6 


A6-trans-ortho 60 
A6-trans-para 25 
A6-trans-para-O-methyl 
As-iso-ortho 12 
As-iso-para 10 
A'-cis-ortho 100 
A'-cis-para 100 
A'-trans-ortho 32 
A'-trans-para 30 
A'-trans-para-0- methyl 20 
IV 1 


A6-cis-para 5 


25 


Table IV-Influence of Substitution of the Side Chain on the 
Formation of M - 56 in  A6- trans-oara-Tetrahvdrocannabinol 


Relative 
A bundance 


Structure C-C Bond ofM-56 


-c-c-c-c-c Secondar y-secondar y 45 
-8-C-C-C-C Tertiary-secondary 80 


-;i-c-c-c-c Quaternary-secondary 100 


No McLafferty I 
rearrangement 


Table V-Influence of the Alicyclic Ring in Isomers of 
Tetrahydrocannabinol (V) and Hexahydrocannabinol (VIIIa) on 
the Fragmentation of the Side Chain at 20 ev 


Relative Abundance 
Compound OfM-56 


A6-trans-para-V 40 
A6-trans-para- a-methyl-V 32 
A'-trans-para-V 28 
A'-trans-para- a-methyl-V 25 
A6-trans-ortho-V 27 
A6-trans-ortho-a-methyl-V 21 
Al-trans-ortho-V 40 
AL-trans-ortho-methyl-V 38 
trans-ortho-VIIIa 42 
trans- ortho -VIIIb 49 
trans-para-VIIIa 75 
trans-para-VIIIb 50 
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for 


A' 
14 5 
15 
14.7 
13 5 
13 5 


I 3  5 


13.5 


14.5 


C5Hll CCF, 15.5 
C 5 H l l  5iMCs 14.7 
C 5 H n  PIC 14 5 


I .  


12 ' 16 20 
ELECTRON VOLTS 


Figure 3-Electron voltage mass fragmentograms of VI derivatives. 


246 shows a very characteristic rise and fall between 10 and 20 ev (Fig. 
4), which is not seen in all other cannabinoids (6). The maximum relative 
abundance and, thus, the maximum concentration of the mass fragment 
occur a t  14 ev. This finding may indicate that a t  the maximum the for- 
mation and fragmentation rates of mle 246 are equal (Scheme V). In this 
case, ring closure must occur to make the loss of the geminal methyl group 
and the formation of mle 231 possible. 


This ring closure, prior to the loss of the methyl group, can be ration- 
alized as follows. In cannabidiol, two aromatic hydroxyl groups are 
available for ring closure. If, due to methylation or to the ortho-position 
of the side chain, only one or no hydroxyl groups is available, there is no 
ring closure, followed by the loss of a geminal methyl group (Scheme VI). 
If two hydroxyl groups are available for ring closure, the maximum of mle 
246 is sharp a t  14 ev when the relative abundance of mle 246 is plotted 
against the electron energy used (Fig. 4 and Table VI). 


If only one hydroxyl group is available such as in o-cannabidiol 
(Scheme VI) and p-methoxycannabidiol (Table VI), there is a broad 
maximum of mle 246 or 260 of about 2-3 ev. It takes more energy for ring 
closure. When no hydroxyl groups are available for ring closure, then m/e 
246 reaches its maximum a t  14 ev and remains the base peak until at  least 
20 ev. 


Thus, it may be concluded that about 4 ev is required for the retro 
Diels-Alder reaction only and that 2-3 ev is required for rotation of the 
aromatic moiety around axis 3-3' and ring closure. A similar figure is 
obtained in the loss of a geminal methyl group from cannabinol and 
cannabinodiol(3). There is a difference of 5 between the electron volts 
in which the relative abundances of mle 310 and 295 (M - 15) are equal 
(Fig. 3). As explained in the section on M - 15, this energy is required for 
ring closure of cannabinodiol. 


When the two hydroxyl groups of cannabidiol are methylated, there 
is still a relatively high relative abundance of mle 231. T o  form m/e 231, 
a methyl must first be lost from the methoxy group, followed by ring 
closure and loss of a geminal methyl group. 


Besides the retro Diels-Alder mechanism, a one-step mechanism for 


m/e 314 m/e 246 
Scheme V 


m/e 314 m/e 246 m/e 246 
Scheme VI 


12 16 20 12 16 20 12 16 20 
ELECTRON VOLTS 


Figure 4-Electron voltage mass fragmentograms of IV with different 
side chains occurring in natural hashish. 


the formation of mle 231 was postulated (5). With cannabidiol, there is 
perfect competition between these two mechanisms, with the retro 
Diels-Alder being favored a t  low electron energy (14 ev). The retro 
Diels-Alder mechanism is preferred if the hydroxyl groups are methyl- 
ated, thus preventing attack of the phenolic hydroxyl group a t  the double 
bond, and if the electron energy is too low for the one-step mechanism 
(5). 


Formation of Mass Fragment  m/e 243 (M - 15 - 56)-Mass frag- 
ment mle 243 is formed from: (a) loss of a geminal methyl group (M - 
15) followed by loss of the side chain (M - 56), or ( b )  loss of the side chain 
(M - 56) followed by loss of the geminal methyl group. From these two 
reaction sequences, i t  follows that fragments m/e 299,258, and 243 are 
dependent upon each other. When the relative abundances of these three 
fragments are added together, they represent about 38% of the total ion 
intensity of Vb and its isomers and 18% of the total ion current of Va 
derivatives. The difference in contribution of these two sequential 
mechanisms between Va and Vb is mainly due to the loss of the geminal 
methyl group (10% in Va and 60% in Vb) and hardly to side-chain frag- 
mentation, which is substantiated by the ratios of the relative intensities 
of M - 15 to M and the relative abundances of the formation of M - 56. 
It must be kept in mind that M - 15 is partly originated from the loss of 
the C-7 methyl group in Va (5). 


Formation of Mass Fragment  m/e  231-Mass fragment mle 231 
appears to be important in the mass spectra of cannabinoids. Its relative 
intensity varies between 30 and loo%, depending upon the structure of 
the compound. There are several mechanisms for the formation of mle 
231, including a simple cleavage in cannabichromene (Scheme VII). The 
relative intensity of mle 231 in cannabichromene becomes 100% at 12 ev. 
The intensity of the molecular ion mle 314 decreases so rapidly that the 
formation of m/e 231 must be a relatively easy process (5). All other 
fragments have a relative abundance of below 5%. This rapid formation 


; 515 


0 


0' 


, .  


12 16 20 12 16 20 
ELECTRON VOLTS 


Figure 5-Electron voltage mass fragmentograms of Vb and its methyl 
ether. Note the difference in the formation rates of m/e 231 and 245. 
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Table VI-Mass Spectra of Cannabidiol Derivatives at 20 ev 


M 15 15 15  55 35 7 100 
M -  15 299 1 1 1 15  5 5 75 


M - 56 (258)  5 5 5 15  5 5 7 
(246 30 60 85  100 100 100 10 


(231)  


M - 4 3  12711 1 1 1 . l o  5 5 20 


1 1 1 35 5 5 25 
100 100 100 4 5  25 20 30 


1 4  ev 14-16 ev 13-16 ev 14-20 ev 14-20 ev 14-20 ev No ev Maximum of 
m/e 246 at  


Ratio of m / e  0.30 0.60 0.85 2.22 4 .0  5.0 0.33 
2461 23 1 


of mle 231 also occurs, in folded structures such as cannabicitran (I), 
cannabicyclol (II), and 7-hydroxycannabidiol (XII). 


With increasing power of separation of the cannabinoids, more and 
more naturally occurring cannabinoids are discovered that show mass 
spectral behavior as described. The mechanism of the formation of mle 
231 in these complicated structures is not yet clear. 


Compound V a  is fragmented to mle 231 by means of a retro Diels- 
Alder reaction (mle 246), followed by the loss of a geminal methyl group 
(Scheme VIII). There is no influence from the free hydroxyl group itself 
nor from the side chain or the methylated hydroxyl group (Table VII) 
(7). There is also a one-step mechanism in the formation of mle 231, and 


I II 


XI1 


m/e 314 
Scheme VII 


I. OH 


H,C 
m/e 314 


m/e 246 


OH 


H,C J&c5H11 


the two mechanisms are complementary ( 5 ) .  
In Vb,  a retro Diels-Alder reaction never results in the loss of fragment 


CsHa and in m/e 246. Nevertheless, mle 231 is found, so the delocalization 
of the 1-2-double bond (2,4) must be possible, after which the one-step 
mechanism can take place. 


The mass spectra of a series of derivatives and isomers of V a  and V b  
reveal that more mechanisms are involved in the formation of mle 231. 
Table VIII shows the mass spectra of ortho-Vb, para-Vb, and their 
methylated derivatives. Methylation of both ortho-Vb and para-Vb re- 
veals that there is a sharp drop in the relative abundance of m/e 231 (mle 
245) in comparison with ortho- and para-Vb (Fig. 5). This drop in in- 
tensity indicates that the phenolic proton is important for the generation 
of m/e 231 because it is not observed with V a  and its methylated deriv- 
atives (7). 


Strikingly, the mass spectrum of V b ,  deuterated at  the phenolic hy- 
droxyl group, shows complete retention of the deuterium label a t  the 
phenolic oxygen (5), in contradiction with the scheme given previously 
(7). This observation should mean that replacement of the phenolic hy- 
drogen by a methyl group has no influence at the underlying mechanism 
of formation of m a s  fragment mle 231. The mass spectra shown in Tables 
VII and VIII and those published elsewhere (5) are contradictory at first 
sight concerning the importance of the phenolic hydrogen. However, the 
retention of the phenolic proton observed in mle 231 ( 5 )  and its influence 
on the formation of m/e 231 (7) can be rationalized satisfactorily by 
Scheme IX. 


m/e 314 


;i 
C 


m/e 231 
Scheme VIII  
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Table VIT-Partial Mass Spectra of trans-ortho- and trans- 
oara-Va and The i r  Methvl Ethers at 20 ev 


ortho- ortho- para- para- 
Fragment m/e Va Methyl-Va Va Methyl-Va 


M 314(328) 100 100 100 100 
M -  15 299(313j -15 19 13 13 
M - 4 3  271 (285) 60 70 25 22 
M - 5 6  2581272) 27 21 40 32 
M -68 246(260) 10 5 17 22 


243 (257) 2 1 5 5 
231 (245) 65 60 60 75 


Table VIII-Partial Mass Spectra  of trans-ortho- and  trans- 
pa ra -Vb  and  Their Methyl Ethers at 20 ev 


ortho- ortho- para- para- 
Fragment mle Vb Methyl-Vb Vb Methyl-Vb 


M 314(328) 100 100 100 100 
M -  15 299(313) 55 77 63 62 
M - 4 3  271 (285) 32 42 30 17 
M -  56 258(272) 25 31 27 26 
M - 6 8  246(260) 10 3 5 2 


243 (257) 10 5 20 5 
231 (245) 72 15 40 16 


Table IX-Relative Abundance of mle 231 ( m / e  245) in the Mass 
Spectra of Several Tetrahydrocannabinol (V) Isomers Taken at 
20 ev 


Relative 
Compound A bundance Mechanism 


cis-ortho-Vb 11 Isomerization 
cis-para-Vb 12 Isomerization 
trans-ortho-0-methyl-Vb 15 Isomerization 
trans-para-0-methyl-Vb 16 Isomerization 
trans-ortho- Vb 72 Internal proton transfer 


plus isomerization 
trans-para- Vb 40 Internal proton transfer 


plus isomerization 
minus bond formation 


cis-ortho-Va 100 Retro Diels-Alder 
cis-para-Va 100 Retro Riels-Alder 
trans-ortho- Va 65 Retro Diels-Alder 
trans-ortho- 0-methyl-Va 60 Retro Diels-Alder 
trans-para-Va 60 Retro Diels-Alder 
trans-para-0-methyl-Va 75 Retro Diels-Alder 


The fragmentation of cannabinoids is strongly dependent upon ion 
source temperature (5) and electron voltage (6). Results obtained with, 
for instance, 10-20 (250') and 70 (120') ev may reveal a complete shift 
in the relative contribution of complementary mechanisms that are 
possible for the formation of mle 231. Methylation of both ortho- and 
para-isomers of Vb does not inhibit the formation of mle 245 (mle 231) 
completely. Since the relative abundance of mle 245 is 15-16% in both 
isomers, the mechanism underlying this fragmentation must be the same: 
isomerization of the 1-2-double bond (A1) to the I-6-position (A6) as 
suggested earlier (4) and visualized in Scheme X. 


From the intensities of mle 231 and 245, the spectra of trans-ortho-Vb 
and its methyl ether (Table VIII), it can be calculated that about 80% of 
m/e 231 is generated by internal protonation a t  20 ev and that the con- 
tribution of the isomerization of the double bond is 20%, assuming that 


Figure 6-Molecular structure of trans-para- Vb 


m/e 328 m/e 328 
Scheme X 


I + I 


m/e 314 m/e 314 
Scheme X I  


the latter is not influenced by the methylation. After correction for the 
contribution of the isomerization (15%), the relative ahundances of mle 
231 from trans-ortho- and trans-para-Vb appear to be 57 and 25%, re- 
spectively. This difference is not observed for the relative intensities of 
trans-ortho- and trans-para-Va (Table VII). 


This result implies that  the internal protonation must be reduced, 
presumably due to the position of the phenolic hydroxyl group, because 
methylation does not influence the isomerization of the I-2-double bond. 
A possible explanation is that the phenolic oxygen atom in trans-para-Vb 
attacks the double bond, generating an ion with four fused rings. Whether 
this process occurs before or after phenolic proton transfer is not cer- 
tain. 


This bond destroys the 1-2-double bond, so that the phenolic proton 
can no longer be transferred to the alicyclic ring. This bond formation 
is impossible in trans-ortho-Vb and cis-para- and cis-ortho-Vb (11 and 
12% of mle 231, respectively) (Scheme XI). Therefore, in the formation 
of mle 231 from trans-para-Vb, three fragmentation pathways may be 
distinguished (at 20 ev): 35% internal protonation (plus a one-step 
mechanism), 20% isomerization of the I-2-double bond (retro Diels-Alder 
plus a one-step mechanism), and 45% bond formation. 


cis-trang-Isomers of ortho- and  para-Vb-In cis-Va and cis-Vb, 
the alicyclic ring system is perpendicular to the aromatic system (Fig. 
7, compare Fig. 6). Therefore, in the formation of mle 231, there are no 
bond formation and internal shift. The relative abundances of m/e 231 
derived from cis-ortho- and cis-para-Vb are equal to those derived from 
the methyl ethers of trans-ortho- and trans-para-Vb (Table IX). 


Figure 7-Molecular structure of cis-para- Vb. 
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Chronotropic and Cyclic Adenosine Monophosphate 
Response of Fetal Rat Heart in Organ Culture to 
Isoproterenol, Quinidine, and a Dysrhythmogenic Agent 


CHARLES L. EYER and WILLIAM E. JOHNSON * 


Abstract The fetal rat heart in organ culture was used to investigate 
rate changes by various cardioactive agents. Concomitantly, the effect 
of these pharmacologically induced rate changes on steady-state cyclic 
adenosine monophosphate levels was determined. Isoproterenol increased 
the fetal rat heart rate and cyclic adenosine monophosphate in a con- 
centration-related fashion. Quinidine produced a concentration-related 
decrease in heart rate and no change in cyclic adenosine monophosphate 
level. The dysrhythmogenic agent produced concentration-related 
negative chronotropism in the fetal rat heart preparation and significant 
elevations in cyclic adenosine monophosphate at  concentrations without 
chronotropic action. No correlation between chronotropic effect of a drug 
and cyclic adenosine monophosphate levels was observed. 


Keyphrases Isoproterenol-effect on fetal rat heart rate related to 
levels of cyclic adenosine monophosphate, organ culture 0 Quinidine- 
effect on fetal rat heart rate related to levels of cyclic adenosine mono- 
phosphate, organ culture 0 Dysrhythmogenic agent-effect on fetal rat 
heart rate related to levels of cyclic adenosine monophosphate, organ 
culture 0 Adenosine monophosphate, cyclic-levels in fetal rat heart in 
culture, related to rate changes caused by isoproterenol, quinidine, and 
dysrhythmogenic agent Cardioactive agents-isoproterenol, quinidine, 
and dysrhythmogenic agent, effect on fetal rat heart rate related to levels 
of cyclic adenosine monophosphate, organ culture Chronotropic ef- 
fects-isoproterenol, quinidine, and dysrhythmogenic agent, fetal rat 
heart in culture, related to levels of cyclic adenosine monophosphate 


Although the role of cyclic adenosine monophosphate 
(I) in cardiac inotropism has been investigated (1-3), there 
have been few attempts to study its role in cardiac chro- 
notropism. The pacemaker region of the heart has been 
considered too small to be of use in determining adenyl 
cyclase activity, phosphodiesterase activity, or I levels (4). 
One study ( 5 )  demonstrated that chronotropic and ino- 
tropic cardiac responses to catecholamines were very 
similar with respect to dose dependence and sensitivity to 
&blocking agents. This result might be considered as in- 
direct evidence of a common mechanism for cardiac rate 
and force of contraction. Much evidence linking chrono- 
tropism and I comes from the study of cultured, beating 
heart cells isolated from the neonatal rat. The pulsation 


rate of these cells is accelerated by epinephrine, a known 
stimulator of adenyl cyclase (6). Dibutyryl I also imposes 
positive chronotropism in the same preparation (7). 


Entire hearts from fetal mice can be cultured in such a 
manner as to beat consistently for a period of time (8). The 
cultured fetal mouse heart has been used as a pharmaco- 
logical tool. Positive chronotropism was demonstrated 
using this preparation with liothyronine and levarterenol, 
and negative chronotropism was found with acetylcholine 
(9). The fetal mouse heart is capable of responding to these 
agents as early as the 12th day of gestation (10). The 
presence of the @-receptor was demonstrated in this same 
preparation (11). 


In this study, the entire fetal rat heart was cultured and 
used to investigate the relationship between chronotropic 
effects and steady-state I levels in the myocardium. The 
fetal rat heart was chosen because it was larger than the 
mouse heart; this larger size facilitated tissue assay. 


Three agents were chosen for pharmacological inter- 
vention. Isoproterenol was used for its positive chrono- 
tropic and P-adrenergic actions. Quinidine was employed 
for its negative chronotropic effect. Ethyl S-ethoxycar- 
bonyl-4-hydroxy-2H- 1,2-benzothiazine-2-acetate 1,l-  
dioxide‘ (11), an experimental compound that produces 
ventricular fibrillation (12), was used to investigate the role 
of I in cardiac dysrhythmogenesis. 


EXPERIMENTAL 


Organ Culture-On their 19th day of gestation, pregnant Sprague- 
Dawley rats were sacrificed by cervical separation. The fetuses were 
quickly removed by Caesarean section. 


The fetuses were decapitated, the chests were cut open, and the fetal 
hearts were removed as quickly and aseptically as possible. The hearts 
were trimmed of excessive connective tissue, rinsed in sterile saline, and 


1 McN-2165, McNeil Laboratories. 
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N O T E S  


Preparation and Skin-Photosensitizing Activity of 
Substituted Psoralens 


MOHAMMED A. LOUTFY and HAMED A. ABU-SHADY * 


Abstract 8-Monosubstituted and 5,8-disubstituted psoralen deriva- 
tives were prepared, and their skin-photosensitizing activity was evalu- 
ated. The results were correlated in terms of molecular configuration, 
and 8-allyloxypsoralen can be considered as a new agent of potent pho- 
todynamic activity. 


Keyphrases Psoralens, substituted-synthesized, evaluated for 
skin-photosensitizing activity Photosensitizing activity, skin-various 
substituted psoralens evaluated Structure-activity relationships- 
various substituted psoralens evaluated for skin-photosensitizing ac- 
tivity 


In a continuation of previous studies (1-5), this report 
describes the preparation and skin-photosensitizing ac- 
tivity of substituted psoralens. The synthesis and photo- 
sensitizing activity of many psoralen (I) derivatives have 
been investigated extensively (6, 7), but little has been 
published concerning the 5,8-disubstituted psoralens. For 
example, while 5-methylpsoralen and 8-methylpsoralen 
are potent skin photosensitizers (8), nothing has been re- 
ported about 5,8-dimethylpsoralen. Furthermore, it was 
observed. (9) that allyloxycoumarins have weak, but defi- 
nite, photodynamic activity. Nevertheless, the effect on 
the photodynamic activity of introducing allyl, allyloxy, 
or dimethylallyl substituents in the psoralen molecule has 
not been studied. 


On the other hand, the structure-activity relationships 
in the furocoumarin series demonstrated clearly the fol- 
lowing. 2-Thiopsoralen derivatives and oxazolocoumarins 
do not exhibit any photodynamic activity (6). There is 
great variation in the potency of the skin-photosensitizing 
activity of the derivatives, determined by the number and 
the position of methyl groups (8). Methyl substitution at  
the 5'-carbon of psoralen does not alter the activity, but 
methyl substitution at  the 4'-position results in a consid- 
erable loss of activity (9). Substitution with a methoxy 
group at  the' 5- or 8-carbon results in decreased activity, 
while nitro or amino group substitution renders the com- 
pound completely inactive (9). The fact that 2,6,8-tri- 


methylbenzodifuran (10) and some other coumarin de- 
rivatives (9) do elicit photosensitized responses suggests 
that the furocoumarin structure is not essential for pho- 
tosensitizing activity. 


Further investigation is needed to reveal definite points 
in the structure-activity relationship in the furocoumarin 
series. 


DISCUSSION 


Previously, the isolation of xanthotoxin (11) and imperatorin (111) from 
the fruits of the umbellifer Ammi majus (L.)l was reported (1). These 
compounds were readily transformed into xanthotoxol (IV) according 
to a reported (4) procedure. The identity of xanthotoxin, imperatorin, 
and xanthotoxol was established through mixed melting-point, UV, IR, 
and NMR spectral comparisons with authentic samples'. For the prep- 
aration of derivatives V-VII, the procedure followed was essentially the 
same as that described previously (3). 


It was reported (11) that imperatorin underwent Claisen rearrange- 
ment to afford alloimperatorin (IX) by heating in a vacuum. In the 
present work, to induce the allyl ethers to undergo Claisen rearrangement, 
the ethers were heated under reflux for 6 hr in ethylene glycol. In this way, 
5-allyl-8-hydroxypsoralen (VIII) and IX were obtained in low yields 
(65%). Better results or even quantitative yields were obtained by re- 
fluxing the allyl ethers in N,N-diethylaniline for 1 hr. In the latter 
method, Claisen rearrangement products were of higher purity; 1 hr of 
refluxing was sufficient. 


Methylation, acetylation, and allylation reactions were carried out 
according to the general method of etherification and esterification (3). 
However, allylation of VIII ended in failure. The identity of the new 
psoralen derivatives was ascertained by spectral (IR and NMR) analy- 
sis. 


Compounds V-XIV (Table I) were prepared and screened as dermal 
photosensitizing agents. Two tests were performed with albino guinea 
pig skin. The preliminary test, employing very strong conditions (high 
amount of substance and high amount of radiation), was used for selecting 
the active compounds, even if weakly active, from the inactive ones. In 
a second test, only the active compounds were tested in very mild con- 
ditions and their photosensitizing activities were compared with that of 
psoralen. 


The relative activity was evaluated by comparing the erythema re- 


1 Provided by Memphis Chemical Co., Cairo, Egypt. 
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Table I-Data for 8-Monosubstitutt ?d and 5,8-Disubstituted Psoralens" 


Melting Yield, Empirical Analysis, % 
Compound Point % Formula Calc. Found 


V 68-70' 95 C i J  1004  C 69.42 69.39 
H 4.13 4.24 


VI 175-177' 95 C13H805 C 63.93 63.91 
H 3.28 3.40 


VII 194-196' 90 C isH 100s C 70.59 70.77 
H 3.21 3.44 


VIII 203-205' 65" C14H1004 C 69.4 69.24 
98 d' H 4.13 4.10 


IX 228-230' 63 C16H1404 C 71.11 70.79 
5.08 97d' H 5.11 


69.96 C 70.31 
H 4.70 4.61 


XI 158-160" 80 C16H1205 C 67.61 


X 98-100" 90 C15H 1 2 0 4  


XI1 109-1 11' f 90 C17H1604 
5.67 


XI11 106-108' 87 CISHI605 C 69.23 68.98 
H 5.13 5.17 


XIV 71-73' 85 C i9H I 8 0 4  c 73.55 73.88 
H 5.81 5.87 


H 4.23 
C 71.83 
H 5.63 


67.42 
4.32 


71.88 


a The crystallization solvent was ethanol except for VII for which benzene was used. * Lit. (7)  mp 178". 'Method I. Method 11. Lit. (11) mp 233'. f Lit. (7) mp 
113". 


sponse as observed by visible intensity grading. Introduction of hydroxy 
(VIII and IX), acetoxy (VI, XI, and XIII), or benzoyloxy (VII) substitu- 
ents a t  the 8-position in the psoralen molecule resulted in a marked loss 
of the photodynamic effect. However, 5,8-disubstituted psoralens (X, 
XII, and XIV) did not show significant activity. Experimental evidence 
has now been obtained to confirm that the activity of psoralens is 
markedly reduced or eliminated upon blocking the 5- and 8-positions, 
which are the active centers in the psoralen molecule. Moreover, meth- 
ylation of the hydroxyl group (X and XII) partially restores the photo- 
sensitizing activity of psoralen derivatives. Such results are analogous 
to previous findings (9). 


Surprisingly, 8-allyloxypsoralen (V) proved very active; it was only 
slightly less active than psoralen itself. This result appears to be in con- 
tradiction with other reported (6, 9) studies. Accordingly, these data, 
coupled with the previously mentioned observations, served to confirm 
that it is desirable to explore the precise structure-activity relationship 
fully. 


EXPERIMENTALz 


Claisen Rearrangement-Method I-A solution of 5 g of the al- 
lyloxypsoralen derivative in 25 ml of ethylene glycol was refluxed for 6 


0 


I: R,  = R , = H  
11: R,  = H, R, = OCH, 


111: R,  = H, R, = OCH,CH=C(CH,), 
IV: R. = H. R. = OH 
V: 


VI : 
VII : 


VIII: 
IX: 
X: 


XI: 
XII: 


XIII: 
XIV: 


H: R: = OCH CH=CH, 
H, R, = OCOeH 
H, R = OCOC 


CH,CH=CH,, k, = dCH, 
CH,CH=CH , R, = OCOCH 


CH,CH=C(CH, *, R, = OCOCH 
CH,CH=C(CH, i ,, R, = OCH,Cd= 


C H , ~ H = C H  , It, = OH 
CH,CH=C(C!H ),, R = OH 


CH,CH=C(C?H, ,, R, = ocd, 
C H ,  


hr. The solution was cooled, and the solid product was filtered and re- 
crystallized from a suitable solvent. 


Method ZZ-A solution of the allyl ether in about 25 ml of N,N-di- 
ethylaniline was refluxed for 1 hr. The precipitated product was collected 
and purified. 


Methylation-A mixture of 2 g of the corresponding crude Claisen 
rearranged product (VIII or IX), 20 g of anhydrous potassium carbonate, 
20 ml of methyl iodide, and 250 ml of dry acetone was refluxed and stirred 
for 24 hr. The acetone filtrate and washings were evaporated to dryness; 
the residue, after washing with water, was recrystallized from alcohol. 


Acetylation-A mixture of 2 g of VIII or IX and a few crystals of fused 
sodium acetate in 20 ml of acetic anhydride was heated under reflux for 
3 hr and then stirred with water until excess acetic anhydride had de- 
composed. The insoluble product was filtered and recrystallized from 
alcohol. 


Allylation-A mixture of 2 g of the 8-hydroxypsoralen derivative (VIII 
or IX), 10 g of anhydrous potassium carbonate, 10 ml of allyl bromide, 
and 250 ml of dry acetone was stirred and refluxed for 20 hr. Evaporation 
of the acetone filtrate under reduced pressure left a residue, which was 
washed thoroughly with water, dried, and washed once with petroleum 
ether (bp 30-60') to remove excess allyl bromide. The residue was then 
dried and recrystallized from the appropriate solvent. 


Table I lists the psoralens (V-XIV) with their physical constants. Their 
identity was established by UV, IR, and NMR spectral properties. 


Skin-Photosensitizing Activity-Animals-Common guinea pigs 
were used; the hair was removed from the abdomen with scissors. Exact 
amounts of an acetone solution of the compound to be tested were then 
placed on 4 cm2 (2 X 2 cm) of nonpigmented skin, and rapid evaporation 
of the acetone was accomplished. 


Irradiation-A 500-w solar lamp3 was used; it emitted strongly at 365 
nm and in the visible region. 


Preliminary Pharmacological Test-A concentration of 50 wg/cm2 
of a compound was tested with the lamp at  a distance of 25 cm, an irra- 
diation time of 60 min, and observation after 24 hr. Compounds VI-IX, 
XI, and XIII were inactive. Compounds X, XII, and XIV were slightly 
active. In contrast, V was very active. 


Comparative Screening with Psoralen-Only V, X, XII, and XIV were 
tested at  2.5 pg/cm2 with the lamp at 45-cm distance, irradiation for 60 
min, and observation of erythema after 24 hr. In these pharmacological 
tests, the compounds were placed on square areas of the abdomen of the 
same animal. The tests were repeated on five different animals with the 
same results. Compared to I, which was very active (3+ erythema), V was 
also very active ( 2 t  f erythema), X and XI1 were weakly active ( 1 t  er- 
ythema), and XIV was very weak (k erythema). 


* Meltin points were determined in capillary tubes heated in a Mel-Temp a 
paratus and are uncorrected. IR spectra were recorded with a Perkin-Elmer mo& 
621 spectrophotometer from samples in potassium bromide disks. UV absorption 
s ectra were measured with a Perkin-Elmer 124 double-beam spectrophotometer. 
8MR spectra were determined with a Varian model A-60A spectrometer. All IR 
and NMR spectra of the new compounds were in agreement with assigned struc- 
tures. Elemental analyses were performed by Dr. F. B. Strauss, Oxford, En- 
gland. 
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High-speed Liquid Chromatographic Determination of 
Pilocarpine in Pharmaceutical Dosage Forms 


S. K. WAHBA KHALIL 


Abstract 0 A specific method for the direct determination of pilocarpine 
in aqueous pharmaceuticals in the presence of decomposition products, 
methylcellulose, and other ingredients usually present in pharmaceuticals 
is described. The method involves separation by high-speed liquid 
chromatography using, in series, octadecylsilane bonded to silica and 
cyanopropylsilane bonded to silica columns and a tetrahydrofuran-pH 
9.2 borate buffer (37) eluant. Quantitation is achieved by monitoring the 
absorbance of the effluent a t  254 nm and using a pyridine internal stan- 
dard and a calibration curve prepared from known concentrations of 
pilocarpine ,nitrate. The reproducibility of the retention time and peak 
area was better than 2.0%. 


Keyphrases 0 Pilocarpine-high-speed liquid chromatographic anal- 
ysis, pharmaceutical preparations High-speed liquid chromatogra- 
phy-analysis, pilocarpine in pharmaceutical preparations Ophthalmic 
cholinergics-pilocarpine, high-speed liquid chromatographic analysis, 
pharmaceutical preparations 


Many methods for estimating pilocarpine and its salts 
are available. Several are based on the titration of the ex- 
tracted base with standard acid, with bromphenol blue 
(1-3), methyl red (4, 5), methyl orange (6) ,  or dimethyl 
yellow (7) as the indicator. Several gravimetric (8-lo), 
colorimetric (ll), and iodometric (12) methods were de- 
veloped. Recently, a GLC method using electron-capture 
detection was employed (13). 


The USP XIX monographs for pilocarpine hydrochlo- 
ride (14) and pilocarpine nitrate (15) incorporate a non- 
aqueous titration. However, the*monographs on pilocar- 
pine hydrochloride ophthalmic solution (15) and pilocar- 
pine nitrate ophthalmic solution (16) require an extraction 
procedure, followed by colorimetric determination. Most 
of these methods lack the specificity and simplicity desired 
in routine analysis, especially in the presence of degrada- 
tion products and/or other ingredients. In addition, the 
extraction of pilocarpine base from pharmaceuticals fol- 


Table I-Calibration Data” for HSLC Pilocarpine Analysis 


Concentration Peak Area of Pilocarpine 
Added, mg/ml Peak Area of Standard 


5 0.141 f 0.0065* 
10 0.286 f 0.0104 ~. 


20 0.562 0.0084 
30 0.830 f 0.0080 


0 Average of 10 replicate injections. * Standard deviation. 


lowed by colorimetric determination leads to erroneous 
results’. 


Recently, high-speed liquid chromatography (HSLC) 
was used to analyze alkaloids (17,18). This paper describes 
an HSLC method that permits the quantitative determi- 
nation of pilocarpine in the presence of its degradation 
products and other chemicals commonly included with 
pilocarpine salts in pharmaceutical products. 


EXPERIMENTAL 


Apparatus-A high-speed liquid chromatograph* equipped with a 
pump3, a single-wavelength UV monitor (254 nm), and a liquid chro- 
matograph injector4 was used. 


Columns-An octadecylsilane bonded to silica5 column and a cya- 
nopropylsilane6 column were used in series. Both columns were 300-mm 
long X 4-mm i.d. stainless steel tubes. 


Reagents-Sodium borate, tetrahydrofuran, and pyridine were re- 
agent grades. Pilocarpine nitrate USP was used without further purifi- 
cation. 


1 U S .  Pharmacopeia, Drug Standards Division, personal communication. 
2 Model 202, Waters Associates. 
3 M-6000. 


5 pBondapak CIS, Waters Associates. 
6 pBondapak CN, Waters Associates. 


U6K Universal. 


Vol. 66, No. 11 ,  November 1977 J 1625 








Q. J .  Exp.  Physiol., 40,49 (1955). 
(12) D. W. Woolleyand E. Shaw, J .  Biol. Chem., 203,69 (1953). 
(13) D. 0. Holland and J. H. C. Nayler, J .  Chem. Soc., 1955,1657. 
(14) V. Erspamer, Arch. E r p .  Pathol. Pharmakol., 196,343 (1940). 
(15) M. V. Tyrode, Arch. Int. Pharmacodyn. Ther., 20,205 (1910). 
(16) M. Krebs, Biochim. Biophys. Acta, 4,249 (1910). 
(17) P. Zambuni and T. Vitali, Arch. Ital. Sci. Pharmacol., 8, 128 


(18) C. S. Weil, Biornetrics, 8,249 (1952). 
(19) H. Van Riezen and L. Boersma, Eur. J .  Pharmacol., 6, 353 


(20) M. G.  Hansen and I. Q. Whishaw, Psychopharmacologia, 29,33 


(21) D. F. Smith and H. B. Smith, ibid., 30,83 (1973). 
(22) K. Morita, I. Yamamoto, and H. Iwata, Biochem. Pharmacol., 


(1938). 


(1969). 


(1973). 


22,1115 (1973). 
(23) R. B. Barlow and I. Khan, Br. J. Pharmacol., 14,99 (1959). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received November 12, 1976, from the Istituto di Chimica Farma- 
ceutica e di Chimica Organica, Universitd di Camerino, 62032 Camerino 
( M C ) ,  Italy. 


Accepted for publication February 16,1977. 
Supported by a grant from the Consiglio Nazionale delle Ricerche, 


* Istituto di Farmacologia, Farmacognosia e Tecnica Farmaceutica 
Rome. 


dell'Universit8 di Camerino. 
To whom inquiries should be directed. 


Dissolution Kinetics of Soluble Nondisintegrating Disks 


C. J. de BLAEY" and H. van der GRAAFF 


Abstract tl An equation describing the isotropical dissolution of soluble 
nondisintegrating disks was developed. It was equivalent to the cube root 
law only if the height and diameter of the disk were equal. The dissolution 
kinetics of sodium chloride disks were examined, using a beaker equipped 
with a centrifugal stirrer as the dissolution chamber. The fit of the ex- 
perimental data to the cube root law had a coefficient of variation of about 
45%. I t  was demonstrated statistically that a fit to a square root of mass 
versus time relation was significantly better. With increasing porosity, 
the dissolution process proceeded faster than predicted on the basis of 
the diffusion-convection model. An explanation is proposed by assuming 
an increased effective dissolution surface. 


Keyphrases tl Dissolution kinetics-soluble nondisintegrating disks, 
equation developed, related to cube root law tl Kinetics, dissolution- 
soluble nondisintegrating disks, equation developed, related to cube root 
law 


Dissolution kinetics have been studied mainly by 
applying film theory. Recently, the subject was reviewed 
for monodisperse particles (1) and polydisperse particle 
systems (2). Larger bodies such as tablets, which have re- 
ceived little attention so far, have had a constant surface 
exposed to the dissolution fluid when studied (3). Com- 
pletely exposed 1-cm sodium chloride cubes were studied 
(4), as were benzoic acid spheres (5). 


The present article discusses the validity of the cube root 
law for completely exposed water-soluble bodies; the role 
of tablet porosity was investigated. 


THEORETICAL 


In the derivation of the cube root law (61, the changing surface during 
dissolution is expressed in terms of mass change. This approach is pos- 
sible only for symmetrical bodies; disks do not lend themselves to treat- 
ment requiring a fixed ratio between surface and mass. Such treatment 
requires the inversion of the third-order expression: mass = 2apr3 + 
arpr2, in which p is the tablet density, r is the radius, and a is a constant 
equal to height (H) minus 2r. 


The root r = f ( M )  is such that no procedure for the integration of 
dMldt is available. Therefore, another approach was followed based on 
the zero-order decrease rate of linear dimensions of isotropically dis- 
solving particles. In this way, an equation was derived (7) that describes 


the dissolution kinetics of small spheres and one arrives at  the cube root 
law. 


If a flat cylindrical disk is assumed, the following expressions for iso- 
tropical dissolution ensue: 


mass M = rprt2Ht 


drldt = b 


dHldt = 2b 


rf = ro - bt 


Ht = Ho - 2bt 


where subscripts 0 and t stand for time zero and t ,  respectively, and b is 
a constant. Therefore: 


dMldt = a p  d(rt2Ht)ldt  (Eq. 6a) 


dMldt = aprt2dHldt  + rpHl drt2fdt (Eq. 6b) 


dMldt = nprl dHldt + 2rpHtrl drldt (Eq. 6c) 
Substitution of Eqs. 2-5 in Eq. 6c gives: 


dMldt = 2apb(ro - btI2 + Brpb(H0 - 2bt)(ro - bt) (Eq. 7) 


which can be rewritten as: 


dMldt = C1 + C2t + C3t2 (Eq. 8) 


with CI = 2apbro(Ho + ro), CZ = -2rpb2(Ho + 4ro), and C3 = 6rpb3. 
Integration of Eq. 8 results in: 


(Eq. 9 ~ )  


MtlMo = 1 + C4t + C5t2 + Cst3  (Eq. 9b) 


Equation 96 describes the dissolution of flat nondisintegrating disks; it 
is equivalent to the Hixson-Crowell cube root law if a cube root of Eq. 
96 can be found. Thus, if its coefficients are related as in ( x  + Y ) ~ ,  then 
(C4)3 = 27Cs and (C.# = -3Cs. Writing C4 = C l f M o  and then substi- 
tuting C1 (Eq. 8) and Mo (Eq. 1) give: 


Mt = Clt  + 0.5Czt + 0.33C3t3 + Mo 
or: 


Similarly, C5 and Cg can be elaborated. This approach shows that the 
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Table I-Reproducibility of Dissolution Rate of Sodium 
Chloride Disks in a Centrifugal St i r rer  Assembly (n = 5) 


65 rpm 135 rpm 
Weight, Porosity, Average Average 


% t60,  min CV, % t60,  min CV, % mg 
562 3.4 3.43 5.3 2.23 5.7 
549 5.6 3.34 2.8 2.20 5.4 


Figure I-Centrifugal stirrer dissolution assembly. 


cube root law applies to the dissolution of nondisintegrating flat disks 
only if height equals diameter. 


The zero-order rate decrease, b = DC,/hp, follows directly from the 
NoyesWhitney equation, being a function of the experimental conditions 
(diffusion layer thickness h) ,  the compound involved (diffusion coeffi- 
cient D and solubility Cs), and the tablet structure (density p ) .  


EXPERIMENTAL 


Sodium chloride particles (200-500 pm) were compressed into two 
series of flat cylindrical disks of 7.0-mm diameter and of constant volume, 
constant height of 7.00 f 0.05 mm (I), or constant weight of 505-520 mg 
(11). By varying the weight in Series I and the compaction pressure in 11, 
different porosities were obtained. The porosity was calculated as the 
percent void space from the densities of sodium chloride and the tab- 
let. 


Dissolution experiments were followed conductometrically (Fig. 1). 
They were carried out in water a t  25' in a 250-ml beaker equipped with 
a centrifugal stirrer; this beaker also served as the dissolution chamber. 
It combines the versatility of a beaker method with the flow conditions 
of a column method and is similar to the rotating compartmentalized disk 
described by Simmons et al. (8). 


RESULTS AND DISCUSSION 


Dissolution Equipment-The centrifugal stirrer assembly was tested 
for reproducibility of t30,  tm, and t m  with tablets of Series I at 65 and 135 
rpm. The reproducibility of t60 is given in Table I as the coefficient of 
variation of five runs. The reproducibility of t30 and t m  was comparable 
to that observed for tm. For example, a t  65 rpm, it varied from 0 to 13.7% 
( t30)  and from 2.2 to 5.8% ( t go ) .  A t  135 rpm, these values were 4.2-11.9% 
and 4.0-9.9%. Similar results were obtained with Series 11. 


Comparison of these figures with literature data and experiences with 
the USP, Levy, and column methods shows that this method performs 
well as to reproducibility and versatility. 


Dissolution Model-The derivation of Eq. 96 assumes isotropical 
dissolution under sink conditions. This assumption was checked by 
photographing the dissolution process of a 500-mg disk of 7.0-mm height 
and diameter a t  various times during dissolution. The porosity of this 
disk was 14%. The shape of the disk was retained, and no disintegration 
was observed. 


Since the height to diameter ratio was virtually constant throughout 
the study, isotropical dissolution was assumed; visually, disintegration 
was absent in all tests performed. A group of identical disks was dissolved 


~ ~~ 


527 9.4 3.15 0. i 2.05 3.6 
508 12.7 3.02 2.9 1.96 4.1 
461 20.7 2.52 2.7 1.32 8.9 
419 28.0 1.80 3.6 0.70 10.1 


at  different stirring speeds to check whether their dissolution rate was 
diffusion controlled. The data were transformed (see Dissolution Ki- 
netics) according to 1 - (Mt/Mo)0.5 = t /T,  and the rate DCJhp was 
calculated, giving a value for the diffusion layer thickness. This parameter 
was plotted uersus the reciprocal of the stirring rate0.5 (Fig. 2). According 
to Levich's equation, this should give a linear relation under diffusion- 
controlled dissolution: 


(Eq. 11) 


where D N ~ C I  = 1.484 X cm2/sec in water a t  25", Y is the kinematic 
viscosity of water = 0.0092 cm2/sec at 25', and W is the stirring rate 
(second-'). From independent estimates of D and Y, the slope of the curve 
would be 0.0072 cm ~ e c - ~ . ~ ;  the experimental data have a slope of 0.0049 
cm s~c-O.~, implying that the dissolution was faster than predicted. This 
finding is consistent with the fact that for a highly water-soluble sub- 
stance, like sodium chloride, not only a solute gradient but also an ap- 
preciable solvent, i.e., water, gradient exists, resulting in an additional 
bulk solution flow and a faster dissolution process than through diffusion 
alone (9). The graph, being linear, supports the assumption of a diffu- 
sion-controlled process. 


Dissolution Kinetics-The validity of the theoretical prediction (Eq. 
9b) for the dissolution of nondisintegrating, completely exposed, sodium 
chloride disks was investigated. The best fit obtainable is not given by 
Eq. 96 but by a polynomial of the (n  - 1)th degree for n data points. To 
permit evaluation of the fit, the data were transformed to a linear relation 
of the form 1 - (M,/Mo)P = t/T for p = 1,0.5, and 0.33. The p = 0.33 
stands for the cube root law, which should hold if height and diameter 
are equal; p = 1 and 0.5 are not based on a physical model and were 
chosen to permit statistical evaluation of the fit. 


Therefore, Mt/Mo values of 1,0.9,0.8,0.7,0.6,0.5,0.4,0.3,0.2,0.15, 
0.1, and 0.05, representing to ,  t 10, etc., up to and including t95, were used. 
Experimental values for to, t lo,  etc., were then used to calculate the linear 
regression line by the least-squares method. Five dissolution runs were 
averaged. The deviation of the data points from the regression line, cal- 
culated as the standard deviation, served as a criterion for the quality of 
the fit. The fits were compared with an F test a t  a 95% confidence level 
(Tables I1 and 111). 


The fits are given in the tables for different portions of the dissolution 
curves, i.e., to-t50, to-tm, and to-tgs, to n0t.e possible trends in the model. 
The best of every three fits ( p  = 1,0.5, and 0.33) is underlined. Up to t50,  
no discrimination was observed (all three were underlined), while p = 


h = 0.643D0.33v0.17W-0.5 
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Figure 2-Diffusion layer thickness versus stirring rate for sodium 
chloride disks using a centrifugal stirrer assembly. 
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Table 11-Standard Deviation of the Fit a of Dissolution Kinetics (Averaged over Five Runs at 65 rpm) of Sodium Chloride Disks 
(Height and Diameter 7.0 mm) 


Weight, Porosity, Average 1.50, t 0-t 50 to-tso tO-t95 
mg % mm p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p =0.33 


562 3.4 2.77 m w  0.204 Q&@ 0.400 Q&l 0.163 
549 5.6 2.71 m m  Q.!X!i 0.156 Q J Z !  0.097 0.394 QLE3 0.136 


Q&& 0.436 QJJB fLQ@ 527 9.4 2.52 0.022 m &Q44 0.180 kQ4.Q 
508 12.7 2.44 0.026 rn QSU 0.162 !U!& QLW 0.401 QJJli8 nssS 
461 20.7 1.97 0.029 !UE2 0.151 QJE3 0.042 0.333 QJM 0.079 
419 28.0 1.43 0.029 cLCEL5 rn 0.122 0.032 0.029 0.248 QJ$B 0.056 


(I Best fits are underlined (a = 0.05). 


Table Ill-Standard Deviation of the Fit a of Dissolution Kinetics (Averaged over Five Runs a t  135 rpm) of Sodium Chloride Disks 
(Height and Diameter 7.0 mm) 


Weight, Porosity, Average t50, t d 5 0  to-tso t 0-t 95 
mg % min p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 


562 3.4 1.78 0.086 
549 5.6 1.75 0.027 
527 9.4 1.64 0.022 
508 12.7 1.56 0.023 


~ 


46 1 20.7 1.04 0.027 
419 28.0 0.56 0.013 


Best f i ts  are underlined (a = 0.05). 


0.5 provided the best result, a t  t80 and tg5 (e.g., for a 461-mg tablet a t  65 
rpm). Generally, p = 0.5 gave the best fits, but p = 0.33 was still usually 
acceptable, with a coefficient of variation (relative to t50) of about 4-5%. 
Nevertheless, the derived expression (Eq. 9b) is not supported by the 
experiments where p = 0.5 has to be preferred. Only a comparative sta- 
tistical evaluation revealed this finding. 


The stirrer speed influence for p = 0.5 showed a tendency for a better 
fit up to t 50  for 135 rpm and up to t$o and tg5 for 65 rpm. Both rates can 
be used in this type of experiment. 


Again for p = 0.5, it was checked whether the fit changed during dis- 
solution. At 65 rpm, the fit was always better up to t m  and tso compared 
with t95. At 135 rpm, the best fit was found up to t50. The best fit was still 
given by p = 0.5 in most cases. Especially toward the end of the process, 
deviations became larger, suggesting more deviation from the conditions 
under which the model applies. 


Little can be said about the influence of porosity on the fit, except that 
it seems to improve somewhat at higher porosities. 


Predicted versus Experimental Dissolution Rate-The data for 
the disks of equal height and diameter were further investigated to 
compare the experimentally determined dissolution rate with the rate 
predicted from the diffusion model, i.e., b = DC,/hp. Values for D (1.484 
X cm2/sec) and C, (1 g in 2.8 ml) were taken from the literature. 
Values for h were taken from Fig. 1, and p was calculated for the tablet 
involved, yielding the predicted rate. The experimental rate coefficient 
was estimated from the t5o at which 3.50 mm of the original 7.00-mm 
tablet height had dissolved. Table IV shows the results. 


The usual diffusion-convection models, including Nernst and Levich 
theory, predict a linear relation with the reciprocal of density. Parrott 
et al. (5) found such a relation for benzoic acid spheres, showing that an 
equal weight dissolves per unit of surface area in a unit of time. However, 
their rate value, DC,/hp, was much smaller than predicted. 


The present results do not confirm these findings; the rate is not equal 
to the predicted one, although it is substantially closer than in their case. 
The higher experimental rate may be explained by the presence of a 
solvent gradient as well as a solute gradient in the dissolution of very 


Table IV-Comparison of Predicted (PR) and Experimental 
(EXP) Dissolution Rate Constants (Centimeters per Second X 
lo3) for Sodium Chloride Disks of Equal Height and Diameter 
Dissolved a t  65 and 135 rpm 


65 rpm 135 rpm 
00 PR EXP EXPo PR EXP EXPo 


2.09 0.633 1.05 2.10 1.02 1.64 3.42 
2.04 0.648 1.08 2.19 1.04 1.66 3.38 
1.96 0.676 1.16 2.26 1.08 1.78 3.49 
1.89 0.701 1.20 2.25 1.12 1.87 3.53 
1.71 0.771 1.48 2.53 1.24 2.80 4.80 
1.57 0.843 2.04 3.20 1.35 5.21 8.17 


a p is tablet density (grams per cubic centimeter). 


0.180 
0.218 
0.222 
0.246 
0.363 
0.088 


soluble substances, as pointed out by Desai et al. (9). This, however, 
would not explain the failure of the relation between rate and the recip- 
rocal of density. This relation holds reasonably well down to a density 
of 1.89. Tablets of higher porosity, however, deviate substantially. 


To explain this phenomenon, disintegration was disregarded, being 
visually absent throughout; t 50  can thus be regarded as practically not 
influenced by this process. Similarly, the diffusion layer is unlikely to vary 
between different porosity disks since stirring conditions and disk size 
are equal. This leaves the influence of the porosity itself, which should 
then be translated into pore dimensions. Since all disks of varying po- 
rosity (Tables I1 and 111) had the same dimensions, the porosity was 
varied. by introducing different numbers of particles. Therefore, high 
porosity disks contain fewer particles and have larger voids than do low 
porosity disks. 


Without an exact knowledge of the pore size distribution, it is a matter 
of speculation whether the pores are just smaller or whether particle 
breaking, owing to higher compression forces necessary to produce low 
porosity disks, also results in a certain number of larger pores. It seems 
justified to assume smaller pores in low porosity tablets and larger pores 
in high porosity tablets. The consequence for the dissolution rate could 
be as follows. Pores smaller than the diffusion layer fill up rapidly with 
a saturated solution. The effective dissolution surface then equals the 
outside dimensions of the tablet, and t50 is directly proportional to (1 - 
porosity). 


When larger pores are present, discharge of dissolved material may 
be faster than saturation of pores, leaving these pores undersaturated. 
Assuming the same diffusion layer thickness as before would, at least 
partly, increase the effective diffusion pathlength and thus increase the 
dissolution time less than expected from the relation with (1 - porosity). 
In the present experiments, the reverse is true, indicating that other 
factors are also effective here. A possible explanation might be that the 
diffusion layer surface becomes larger than the outer surface of the disk 
by curving inside the pores when they are large enough. A definite con- 
clusion could be reached with a better knowledge of the pore dimensions 
and the particular hydrodynamics involved. 


Diffusion Kinetics for Height Not Equal to Diameter-Experi- 
ments were also performed with disks of varying porosity that did not 
meet the requirements under which the cube root law applies (Tables 
V and VI). These results indicate that, a t  both rotation speeds, the dis- 
solution is described fairly well by a square root or cube root expression. 
Coefficients of variation, relative to t 50 ,  were usually smaller than 5%. 
There seemed to be a preference for a f i t  based on a p = 0.5 transforma- 
tion, but it was less general than before. In the height range studied, 
6.2-8.8 mm, the deviation from the condition H = 2r seemed to have no 
great consequence. The fits were quite comparable with the ones for the 
tablets meeting this condition. The dissolution rate again increased with 
porosity somewhat faster than predicted, ix. ,  0.252 cm4/g min at  the low 
porosity range and 0.722 cm4/g min in the high porosity range. 


The difference from the rates given cannot be explained as yet. On the 
basis of these findings, earlier results (10) on dissolution of 1% potassium 
sulfate from sucrose lozenges (13 mm, 640 mg, height 3.40 mm, porosity 
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Table V-Standard Deviation of the Fit of Dissolution Kinetics (Averaged over Five Runs at 65 rpm) of 500-mg Sodium Chloride 
Disks of 7.0-mm Diameter and Variable Height 


Height, Porosity, Average tM, tWt50 to-tao tO-t95 
mm % min p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 


6.50 
6.97 
7.43 
7.92 
8.38 
8.79 


7.9 
14.1 
19.4 
24.4 
28.5 
31.9 


2.58 
2.38 
2.17 
1.86 
1.42 
0.90 


m m  QLk% 0.155 QB3.6 0.083 
QL!.?.8 Q,.Q.XZ QlE& 0.182 a942 Q&,& 
QLQ.2 0.032 0.044 0.192 
QLE6 Q&G 0.133 ILa;ll Q&Q 


0.124 m2.3 
QL!3.& 0.089 m m Q a 2 2  m m  


0.407 Q,.@fj 
0.359 Q&Q 
0.332 Q&f$Q 
0.308 Q,&Q 
0.345 0.124 
0.204 0.063 


0.113 
0.134 


(I Best fits are underlined (a = 0.05). 


Table VI-Standard Deviation of the Fit of Dissolution Kinetics (Averaged over Five Runs at 135 rpm) of 500-mg Sodium Chloride 
Disks of 7.0-mm Diameter and Variable Height 


Height, Porosity, Average t50, tO-t50 to - tso  tO-t95 
mm % min p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 p = 1 p = 0.5 p = 0.33 


6.21 3.5 
6.50 7.9 
6.97 14.i 
7.43 19.4 
7.92 24.4 
8.38 28.5 
8.79 31.9 


1.85 
1.75 
1.95 
1.33 
0.76 
0.52 
0.34 


a Best fits are underlined (a = 0.05). 


0.028 
0.024 
Qd.22 
0.039 
0.028 
0.018 
m 


nsas 
nslJ, 
0.036 
0.014 rn 
m m 


0.020 
0.021 
0.047 rn 
o.010 rn m 


-12%) were reinvestigated. The dissolution was carried out using a col- 
umn method with a relatively small dissolution compartment. Similar 
to our findings on sodium chloride disks, the results could be fitted to 
either a square or a cube root expression, with a slight preference for the 
square root. This finding suggests a wider occurrence of the square root 
fit. 


CONCLUSIONS 


1. Theoretically, dissolution of disks (flat tablets) may be described 
by the cube root law only if height equals diameter. 


2. Experimentally, the dissolution of sodium chloride disks of equal 
height and diameter is described adequately by the cube root law (CV 
= -4-5%). Statistically, a square root expression is better, however. 


3. Disk porosity influence on dissolution rate deviates from expecta- 
tions on the basis of diffusion-convection models. The rate is higher than 
predicted at low porosities. This result might be explained by assuming 
an increased effective surface area owing to distortion of the stagnant 
diffusion layer. 


4. Dissolution kinetics of disks with unequal height and diameter are 
satisfactorily fitted by a square root or a cube root expression, the former 
sometimes being preferred. 
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the accelerated stability analysis studies (Table I) indicates that I would 
have a short useful life at room temperature in the buffer systems studied. 
Ten percent degradation would occur in about 14 hr in the citrate buffer 
at pH 5.0. However, storage in the refrigerator (-5O) would prolong the 
time for 10% degradation to about 5.5 days. 


These preliminary results indicate that it may be feasible to reconsti- 
tute I in some intravenous solutions at  pH 5.2-5.5, to  store the mixture 
at 5’ for a few days, if necessary, and then to administer I parenterally. 
Further work is underway to determine the effect of certain electrolytes, 
commonly found in intravenous solutions, on the stability of I. 
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Degradation of Carmustine in Mixed Solvent and 
Nonaqueous Media 


PAUL A. LASKAR” and JAMES W. AYRES 


Abstract 0 The degradation rate of carmustine in several solvent mix- 
tures and in mannitol solution was investigated at  5,22, and 37O. The 
solvents chosen were those utilized as parenteral diluents. The apparent 
first-order degradation rate constants were computed using a linear re- 
gression procedure. The most nonaqueous solvent mixtures demonstrated 
minimum apparent degradation rates. The apparent degradation rate 
constant decreased with a decrease in the macroscopic dielectric constant. 
From the data at several temperatures, the apparent activation energies 
for carmustine degradation in the several solvent mixtures were calcu- 


lated. There was no evidence for< relationshipbetween the apparent 
activation energy and the dielectric constant. 


Keyphrases o Carmustine-degradation rate in mixed solvents and 
nonaqueous media, effect of temperature 0 Degradation rate-car- 
mustine in mixed solvents and nonaqueous media, effect of temperature 
0 Antineoplastic agents-carmustine, degradation rate in mixed solvents 
and nonaqueous media, effect of temperature 0 Stability-carmustine 
in mixed solvents and nonaqueous media, effect of temperature 


Numerous chemotherapeutic agents, including the ni- 
trosoureas, show promise in the treatment of neoplastic 
diseases. The formulation of these agents into clinically 
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useful dosage forms has, however, been slow. Carmustine 
(1,3-bis(2-chloroethyl)-l-nitrosourea; NSC 4099621 (I), like 
many other nitrosoureas, has relatively poor aqueous sol- 







Table I-Degradation Rate Constants of Carmustine in Mixed Solvents 


Solvent Concen- Rate Constant, l@ hr-l (SE) 
in Water tration, % 5 O  22O 37 


Ethanol 2 
25 


Propylene glycol 


Dimethyl sulfoxide 


Mannitol 


50 
95 
25 
50 


100 
2 


25 ~. 


50 
100 


5 


13.9 (0.43) 
7.9 (0.13) 
2.4 (0.12) 
0.6 (0.18) 
9.709 (0.20) 
4.572 (0.16) 
1.314 (0.22) 


13.7 (0.45) 
7.5 (0.16) 
5.1 (0.16) 


Ethanol 25 71.10 
50 54.50 


Propylene glycol 


- ~~ 


90 29.75 
25 75.09 
50 61.91 


34.80 


25 81.13 
50 79.03 


Water 86.04 
Mannitol 5 


Dimethyl sulfoxide loo 2 81.53 


100 - 


- 
10 - 
20 - 


220.4 (12.80) 
192.6 (4.54) 
25.6 (0.56) 
2.2 (0.34) 


194.9 (6.01) 
89.7 (3.80) 
8.5 (0.46) 


389.1 (16.49) 
240.4 ii5.69j 
74.5 (1.90) 
12.2 (0.28) 


10 
20 


ubility and is quite unstable in aqueous media (1-4). 
Therefore, in efforts to obtain a desirable dosage form, 
preformulation studies with I in aqueous, mixed solvent, 
and nonaqueous media are appropriate. Studies with I in 
aqueous media were reported previously (5) .  The mixed 
solvent and nonaqueous media chosen are those generally 
utilized in the parenteral administration of various drug 
agents including nitrosoureas (3). 


Little work has been reported on optimizing a parenteral 
dosage form of I. To date, studies have emphasized tech- 
nological considerations in the delivery of I as well as other 
antineoplastic nitrosoureas (3,6-8). 


The present investigation was undertaken at several 
temperatures to obtain useful shelflife and storage data 
via accelerated stability studies. 


EXPERIMENTAL 


Materials and Methods-All chemicals and solvents were reagent 
or USP grade except where noted. Solutions of I were prepared and an- 
alyzed as described previously (5). 


Degradation Experiments-For ambient (22 i 1') and physiological 
(37.0 f 0 . 5 O ,  forced-air oven) temperature experiments, the media were 
first allowed to equilibrate for at least 16 hr. For experiments at reduced 
temperature, the media were first chilled in an ice bath (1.0 f 0 . 5 O )  for 
at least 15 min. 


To a volume (-40-45 ml) of temperature-equilibrated media was 
added 1.0 ml of I stock solution (1 pg/ml). Then the volume was brought 
rapidly to 50 ml with the appropriate medium, the mixture was shaken, 
and the time was recorded. A zero-time sample (0.2 ml) was taken for 
analysis, and the experimental solution was stored at the appropriate 
temperature. At designated time intervals, a sample volume (0.2,0.5,1.0, 
or 2.0 ml) was removed for analysis. 


The criterion used to determine the sample size was that the apparent 
concentration should not fall below 1.0 fig/ml or exceed 5.0 pg/ml; the 
optimum range was 2-4 pg/ml. The sampling time interval depended in 
part on a previously observed or expected degradation rate. 


Table 11-Dielectric Constants for Solvents Utilized 


Concen- Dielectric Constant 
Solvent tration, % 5 O  220 37O 


147.3 ii.92j 
130.3 (1.22) 
124.4 (2.49) 


707.3 (29.30) 
406.0 (13.36) 
149.1 (5.57) 
10.9 (0.33) 


151.9 (11.50) 
275.1 (5.72) 
49.2 (1.80) 


1864.9 (46.30) 
1551.2 (110.70) 
366.8 (10,92) 
74.1 (1.83) 


65.20 60.50 
49.80 41.00 
26.75 23.40 
67.56 61.54 
58.33 50.74 
31.31 28.52 
80.90 79.13 
80.50 78.73 
78.40 76.63 
48.75 47.63 
79.60 74.20 
78.80 - 
78.50 - 
71.80 - 


RESULTS AND DISCUSSION 


The applicability of this analytical method to I was reported previously 
(5) .  Several nitrosoureas and compounds containing nitroso groups ex- 
hibit an apparent first-order degradation dependency (1, 4, 9, 10). 
Therefore, degradation exhibiting apparent first-order kinetics was hy- 
pothesized, and the collected data were tested for adherence to this 
model. 


The suitability of the apparent first-order model was initially estimated 
visually from the graph of the logarithm of the concentration of I re- 
maining (micrograms per milliliter) uersus time. Since the data did not 
negate the assumption of apparent first-order dependence, a least-squares 
regression of the natural logarithm of I concentration on time was cal- 
culated and the linear parameters were estimated using a standard 
computer program (11). The standard error of the linear parameters, the 
slope, and the intercept were also calculated. 


Curvilinearity was estimated qualitatively by examining residuals as 
well as more quantitatively by utilizing a multiple regression of the nat- 
ural logarithm of I concentration on a third-degree polynomial in time 
(12, 13). The multiple regression was performed in a forward stepwise 
manner, and an analysis of variance (ANOVA) was calculated at each step 
to enable visualization of the individual variance contribution of the 
linear, quadratic, and cubic components (13). The results did not negate 
the assumption of an apparent first-order degradation of I in the several 
solvent mixtures. 


The dependency of the degradation rate constant on the reciprocal 
dielectric constant and temperature was determined using a least-squares 
regression of the natural logarithm of the rate constant on the appropriate 
independent variable, and the regression coefficient(s) were computed. 
Homogeneity of the activation energy in buffered aqueous systems and 
solvent systems was evaluated using covariance analysis (14). 


From the data calculated for I in the solvent mixtures, the apparent 
stability increased with an increasing nonaqueous solvent concentration 
(Table I). The apparent degradation rate constant in optimally buffered 
aqueous media was about 8 X lop4 hr-' at 5' (5) .  The apparent rate 
constants in solvent mixtures were of this magnitude or less in ethanol, 
propylene glycol, or dimethyl sulfoxide concentrations of 25% or greater 
at 5 O .  The solvent mixture demonstrating minimum degradation (95% 
ethanol a t  5 O )  had a rate constant more than an order of magnitude less 
than the buffered aqueous system, thereby providing a t g 0  of about 78 
days [cf., about 5.5 days in the buffered aqueous media (5)). 


A disadvantage of 95% ethanol as a solvent for direct parenteral ad- 
ministration of I is its irritation potential, this problem would necessitate 
dilution to a concentration at  which irritation is sufficiently reduced. 
Propylene glycol does not have this irritation potential, although the 
minimum apparent degradation rate is about twice that for ethanol. 


Table 111-Regression of Logarithm of Apparent Rate Constant 
for Degradation of Carmustine on Reciprocal Dielectric 
Constant of Solvent 


Regression Coefficient (SE)  
Solvent 5 O  220 37O 


Ethanol -180.7 (84.8) -193.2 (31.0) -141.0 (2.8) 
Propylene glycol -130.6 (19.9) -176.4 (12.4) -101.6 (39.3) 
Dimethyl -355.8 (2740.3) -350.6 (112.1) -326.3 (115.2) 


Mannitol - -180.2 (263.4) - 
sulfoxide 
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Table IV-Activation Energies of Carmustine Degradation in 
Solvent Mixtures 


Activation Energy, kcal/mole 
Solvent Concentration, % (SE)  


Ethanol 2 
25 ~~ 


50 
95 


Propylene glycol 25 
50 


21.43 (1.61) 
21.53 (3.22) 
22.08 (0.24 
15.76 (0.94) 
15.32 (4.73) 


100 
Dimethyl sulfoxide 2 26.56 (1.95) 


25 28.77 (1.59) 
50 22.97 (0.94) 


100 21.91 (-) 


However, due to its high viscosity, propylene glycol presents potential 
difficulty for use in a syringe. 


Dimethyl sulfoxide is not currently approved for use as a parenteral 
solvent, although it has been used in some animal studies. The results 
in this solvent and its mixtures were generally similar to those found for 
ethanol and propylene glycol. Degradation of I in 100% dimethyl sulfoxide 
was not followed at 5’ since the mixture is solid at this temperature, 
presenting sampling difficulties. More important, interpretation of results 
might be compromised due to the “freezing out” of I, thus considerably 
altering the microscopic solvent environment for the degradation of I. 
While this occurrence has not been demonstrated for the nitrosoureas, 
it has been shown for other substances (15). 


The results obtained for the solvent mixtures suggest that a propor- 
tionality exists between the apparent degradation rate constant and the 
macroscopic dielectric constant. The dielectric constants for the various 
solvent mixtures were obtained from the literature and adjusted for 
temperature (16-18) (Table 11). The apparent degradation rate constant 
of I in a given solvent was regressed on the reciprocal dielectric constant 
of the solvent, and the results were tabulated (Table 111). These computed 
data indicate a significant decrease in the rate constant with a decrease 
in the dielectric constant. There is likely to be disparity between the 
macroscopic tabulated dielectric constants and the microscopic dielectric 
constant existing in the immediate vicinity of the reacting species (19, 
20), particularly in mixtures of solvents with disparate dielectric constants 
as a result of microscopic dielectric constants reflecting selective solvation 
(21). Therefore, these regression coefficients computed for I should be 
considered as qualitative rather than quantitative; they reflect the di- 
electric constant effect on the degradation rate constant for I. 


Mannitol is used as a soluble diluent for I in dry filling vials for re- 
constitution. Several concentrations of mannitol were utilized to examine 
the effect of an altered dielectric constant on the apparent degradation 
rate constant of I. The effect of an increasing mannitol concentration, 
and thus a decreasing dielectric constant, was comparable to that for the 
solvent mixtures. 


The temperature dependence of the apparent degradation rate con- 
stant for I in the solvent mixtures was examined using the Arrhenius 
equation. The activation energies were computed from the parameters 
estimated from the least-squares regression equation (Table IV). The 
regression coefficients were tested for common slope using ANOVA. The 
results (Table V) do not cause rejection of the hypothesis of a common 
slope for the temperature dependence of the degradation rate constant 
in the several solvent mixtures. Therefore, the activation energies may 
be regarded as constant and parallel. Since the degradation rate constants 
vary significantly for the solvent mixtures, the frequency factor term in 
the Arrhenius equation must vary. 


Such variation in the frequency factor, and thus the degradation rates, 


Table V-Examination of Homogeneity of Slope of Activation 
Energy of Carmustine Degradation a t  Several Dielectric 
Constants 


Source of Variation df SS MS 


Among regression coefficients 9 3.80 0.42 
Within regression (weighted mean of deviations) 12 48.5 3.46 
Common slope = 23.29 kcal/mole 


results from the extent of solvation of the reactants and the transition 
state and affects the entropy of activation (20,21). Following this rea- 
soning, these data suggest that the differences in the degradation rate 
constants for I in the solvent mixtures are attributable to these factors 
relating to solvation. 


Solutions of I in concentrated ethanol or propylene glycol possessed 
t90 values a t  room temperature of about 2.5 and 1 week, respectively. 
Under refrigerated temperatures, the tg0 values increased to about 2.5 
and 1 month, respectively. The useful lifespans in these solvent mixtures 
permit reconstitution and refrigerated storage for reasonable time pe- 
riods. Prior to parenteral administration, the reconstituted ethanol or 
propylene glycol solution of I would be diluted in a suitable parenteral 
vehicle. 


Mannitol in solutions of I also stabilized I to some extent when com- 
pared to an approximately pure aqueous system. This finding may be 
attributable to the effect on the dielectric constant and to solvation ef- 
fects. The extended timespans in solvent mixtures were significantly 
longer than those in buffered aqueous media, possibly attributable, a t  
least in part, to the altered solvation of reactants and intermediates, 
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Influence of Training and Pharmacological Treatment on 
Muscular Enzymatic Activities 


G. BENZI x, R. F. VILLA, A. MONTANI, 0. PASTORIS, 
E. ARCELLI, P. STRADA, and E. ARRIGONI 


Abstract The adaptation of some enzymatic activities of glycogeno- 
lysis (adenyl cyclase and phosphorylase), glycolysis (phosphofructokinase, 
pyruvate kinase, and lactate dehydrogenase), the tricarboxylic acid cycle 
(citrate synthase, isocitrate dehydrogenase, 2-ketoglutarate dehydro- 
genase, and malate dehydrogenase), and subsidiary pathways of pyruvate 
metabolism (glutamate pyruvate transaminase) was studied in the rat 
as a function of training time (25, 50, 100, 125, and 150 days). The 
workload was set a t  25 m/min for 150 midday. Some groups of animals 
were treated daily with vasodilators such as papaverine, caffeine, nicer- 
goline, or bamethan. With a steady daily workload, at least three different 
periods can be recognized as a function of training time: ( a )  noncom- 
pensated mitochondrial adaptation, where an increase is observed both 
in the Krebs cycle enzymatic activities and in the enzymatic activities 
related to glycogenolysis and glycolysis; ( b )  compensated mitochondrial 
adaptation, where mitochondrial enzymatic activities further increase 
while activities of glycogenolysis and glycolysis return to base values; and 
(c) overcompensated mitochondrial adaptation, where mitochondrial 
enzymatic activities are in a steady state while pyruvate is largely 
transaminated to 2-ketoglutarate and somewhat reduced to lactate. The 
phase of mitochondrial adaptation is compensated for by the actual 
workload performed. As a consequence, a variation in the intensity factor 
causes the biological system to go back to the stage of mitochondrial 
noncompensation. Drugs play a role during the phase of noncompensated 
mitochondrial adaptation by modifying the aerobic mechanism (e.g., 
nicergoline), the anaerobic mechanism (e.g., caffeine), or both (e.g., 
bamethan). These actions do not seem to be ascribable to the vasodilating 
properties of these drugs, since papaverine is always inactive. The ad- 
ministration of the drugs is totally ineffective when the adaptation of 
enzymatic activities to the endurance workload has been reached. 


Keyphrases Enzyme activity-effect of training time and treatment 
with various vasodilators, rats Vasodilators-papaverine, caffeine, 
nicergoline, and bamethan, effect on muscular enzyme activity, rats 
Training time-effect on muscular enzyme activity, rats Papaverine- 
effect on muscular enzyme activity, rats Caffeine-effect on muscular 
enzyme activity, rats 0 Nicergoline-effect on muscular enzyme activity, 
rats Bamethan-effect on muscular enzyme activity, rats 


Blood and muscular concentrations of lactate and pyr- 
uvate during a submaximal exercise are lower in trained 
subjects than in untrained ones (1-4), the pyruvate being 
metabolized through the potentiation of various metabolic 
pathways as a function of training. Indeed, adequate en- 
durance training causes an increase in mitochondrial oxi- 
dative power (5-7). Therefore, one might assume that the 
increased oxidation of pyruvate represents a decisive 
limiting factor, a t  least a t  the mitochondrial level. 


In the Krebs cycle, the metabolic fate of acetyl coenzyme 
A is closely related to the condensation reaction with ox- 
aloacetate. Consequently, the availability of oxaloacetate 
in the muscle becomes a limiting factor, both because of 
the condensation reaction and because of the catalytic 
reaction caused by the oxaloacetate dependence of the 
citrate synthase. In this case, the shunt of pyruvate to 2- 
ketoglutarate, malate, or oxaloacetate might represent an 
important subsidiary metabolic pathway (8-10). 


Pharmacological treatment may influence enzymatic 
adaptation to endurance training, but virtually no data are 
available except for results showing that some vasodilating 
drugs can anticipate the time increase of some mitochon- 


drial enzymatic activities induced in muscle by training. 
However, these drugs do not modify the plateau of these 
enzymatic activities, nor do they contribute to maintaining 
the level attained against the spontaneous decrease as a 
response to reduced muscular work (5). 


In this investigation, the effect of training on the activity 
of the enzymes of glycogenolysis, glycolysis, the tricar- 
boxylic acid cycle, and possible subsidiary pathways of 
pyruvate metabolism in the gastrocnemius muscle of rats 
was studied. In addition, the effect of some vasodilating 
drugs (papaverine, caffeine, nicergoline, and bamethan) 
on enzymatic adaptation was evaluated. 


EXPERIMENTAL 


Male Wistar rats (n = E l ) ,  120-140 g, were chosen from a group of 400 
animals raised under standard conditions (temperature, 23 f lo ;  and 
relative humidity, 55-60%) and fed a pellet diet' and water ad libi- 
tum. 


During the first stage, 400 rats were submitted to psychomotor adap- 
tation for 6 days/week for 2 consecutive weeks on a rotarod apparatus2 
in which the performance time could be recorded automatically. During 
this stage, the animals increased their motor activity from 2.5 to 10 m/ 
min. For the second stage, 200 rats were chosen whose average perfor- 
mance time at  the rate of 10 m/min, after the training period, was close 
to the mean of the sample examined. 


In the exercising animals, the continuous run was progressively in- 
creased from 20 m/min for 60 midday to 25 m/min for 150 midday 
within a maximum of 50 days. The animals that were not able to attain 
this working capacity within this time were discarded. Consequently, the 
enzymatic recordings on the 25th day were carried out on the assumption 
that the animals examined would execute their performance within the 
established time. At any rate, the recordings on the 25th day were carried 
out in rats with a working capacity of 25 m/min for at least 120 midday. 
Progressing from this workload to that of the 50th day (25 m/min for 150 
midday) caused the discarding of approximately 20% of the animals. 


In addition to the training activity, 103 animals were treated daily with 
0.5 ml/kg ip of a 1.6,4, or 10 X M solution of papaverine, caffeine, 
nicergoline, or bamethan. The rats were submitted to the test 30 min after 
treatment. For these drugs, these dosages fall in the range commonly used 
experimentally. 


The 151 rats finally examined were taken from the following lots: ( a )  
sedentary rats (n  = 8); ( b )  rats trained for 25 days (n  = 8); ( c )  rats trained 
for 25 days and treated with the three dose levels (0.5 ml/kg ip of 1.6,4, 
or 10 X M solutions) of one of the four drugs ( n  = 63); ( d )  rats 
trained for 50 days (n  = 8); ( e )  rats trained for 100 days (n = 8); (f) rats 
trained for 100 days and treated with 0.5 ml/kg ip of a 4 X M solution 
of one of the drugs tested (n  = 20); ( g )  rats trained for 125 days (n = 8); 
( h )  rats trained for 150 days (n  = 8); and ( i )  rats trained for 150 days and 
treated with 0.5 ml/kg ip of a 4 X 10-3 M solution of one of the drugs 
tested ( n  = 20). 


The biochemical observations were carried out after 25,50,100,125, 
and 150 days of training. Training was discontinued 72 hr prior to sacri- 
fice. The rats were then beheaded, and their gastrocnemius muscles were 
isolated from the surrounding tissue and rapidly weighed. The muscle 
homogenates were prepared according to standard procedures (11) using 
250 mM sucrose as the homogenization medium. The operative procedure 
was performed in a precooled refrigerator with a Potter-Elvehjem ap- 
paratus a t  0-5'. The homogenates were diluted to 10% (w/v) before 


' Rieper. 
Basile Research Instruments, Comerio, Italy. 
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Table I-Activities of Gastrocnemius Muscle Enzymes of Sedentary Rats and of Rats Trained to Run Continuously for 150 min/day at 
25 m/min a 


Glutamate 
Adenyl Phospho- Lactate Isocitrate glutarate Succinate Malate Pyruvate 


Exercise Cyclase Phospho- fructo- Pyruvate Dehydro- Citrate Dehydro- Dehydro- Dehydro- Dehydro- Trans- 
Group X rylase kinase Kinase genase Synthase genase genase genase genase aminase 


2-Keto- 


Seden- 
tary 


25 Days 


50 Days 


100 Days 


150 Days 


28.6 f 
1.7 


52.46 f 
3.9 


32.5 f 
2.1 


26.5 f 
1.7 


30.6 f 
1.5 


19.6 f 
1.3 


29.66 f 
1.1 


21.2 f 
1.7 


18.6 f 
1.1 


22.2 f 
0.6 


31.2 f 
2.5 


45.6b f 
3.4 


35.3 f 
2.5 


26.8 f 
2.6 


33.8 f 
1.2 


248 f 
12 


3386 f 
23 


287 f 
8 


204 f 
20 


271 f 
9 


516 f 
11 


7596 f 
74 


592 f 
21 


485 f 
17 


3666 f 
29 


22.7 f 
1.9 


32.5b f 
1.8 


36.66 f 
1.7 


41.6b f 
3.2 


44.56 f 
1.8 


2.65 f 
0.16 


3.92* f 
0.29 


4.456 f 
0.23 


5.126 f 
0.34 


5.166 f 
0.22 


1.24 f 
0.11 


1.66 f 
0.10 


1.74 f 
0.10 


1.926 f 
0.09 


1.856 f 
0.11 


3.84 f 
0.19 


5.336 f 
0.29 


6.33' f 
0.26 


6.976 f 
0.27 


7.1T6 f 
0.32 


278 f 
27 


366 i 
26 


411b f 
42 


4446 f 
38 


464b f 
14 


21.4 f 
1.2 


20.3 f 
1.5 


24.3 f 
2.3 


33.36 f 
1.4 


51.3b f 
3.1 


The activities are expressed as micromoles of substrate utilized per minute per gram wet weight of tissue. Values are means f SEM of eight rats. * Significantly different 
from controls, p < 0.01 (Student t test). 


fractionation and then centrifuged3 a t  700Xg for 10 min. 
The supernate was decanted and centrifuged again at  700Xg for 10 min. 


The supernate was then centrifuged at  14,OOOXg for 15 min, and the pellet 
was suspended in 250 mM sucrose (11). The following enzymatic activities 
were evaluated: adenyl cyclase (12, 13), phosphorylase (14), phospho- 
fructokinase (15), pyruvate kinase (15), lactate dehydrogenase (161, ci- 
trate synthase (17, 18), isocitrate dehydrogenase (19), 2-ketoglutarate 
dehydrogenase (20), succinate dehydrogenase (21), malate dehydrogenase 
(15,22), and glutamate pyruvate transaminase (10). Protein concentra- 
tion was determined according to Lowry et al. (23). 


Spectrophotometric assays were performed in a double-beam spec- 
trophotometer4 with a thermostated cell compartment, in 3-ml cells of 
1-cm light path, a t  25O. Initial reaction rates were determined from a 
segment of the linear portion of the change in absorbance and corrected 
for the rates of any nonspecific activity. The assays were performed only 
under conditions where the reaction rate was proportional to enzyme 
concentration. The enzymatic activities are referred to as micromoles 
of substrate utilized per minute per gram of fresh tissue. 


RESULTS 


In the rat gastrocnemius muscle, the enzymatic adaptation to intensive 
endurance training (25 m/min for 150 midday) occurred in both the 
hyaloplasm and the mitochondria. On the 25th day of training, several 
mitochondrial enzymatic activities were significantly increased (citrate 
synthase, isocitrate dehydrogenase, and succinate dehydrogenase), while 
others were not significantly modified (2-ketoglutarate dehydrogenase 
and malate. dehydrogenase) (Table I). At the same time, a significant 
increase in the enzymatic activities of both glycogenolysis (adenyl cyclase 
and phosphorylase) and glycolysis (phosphofructokinase, pyruvate ki- 
nase, and lactate dehydrogenase) was observed. 


The findings relative to the 50th and 100th days of training demon- 
strated a progressive increase in mitochondrial enzymatic activities, 
whereas by that time hyaloplasmic activities had returned to base values 
(Table I). This result proves that mitochondrial activity tended to reach 
steady state with the endurance muscular work to which the animals were 
suhmitted. 


Following this steady-state phase, while training was regularly being 
carried on at  the rate and intensity described, a marked increase in the 
activity of glutamate pyruvate transaminase and a decrease in the lactate 
dehydrogenase activity were found on the 150th day of training (Table 
I). This finding indicates that the former enzyme was increasingly capable 
of competing for pyruvate with the latter one, thus making pyruvate 
exceeding the Krehs cycle available more for transamination to 2-keto- 
glutarate than for reduction to lactate. 


All these enzymatic adaptations were directly related with the en- 
durance workload. Table I1 shows the results obtained in animals trained 
for 100 days at  25 m/min for 150 midday and then submitted to a 
workload of 30 mlmin for 150 minlday during the following 25 days. In 
these animals, which were already in a steady state between endurance 
work intensity and mitochondrial enzymatic adaptation, the daily work 
intensity was only moderately increased. Nevertheless, the rate change 
(from 25 to 30 mlmin) was more than sufficient to modify the steady state 
and to increase significantly both glycogenolysis and glycolysis enzymatic 


3 Sorvall RC-5 supercentrifuge. 
Perkin-Elmer 124/56. 


activities. Therefore, this situation was analogous to the initial one ob- 
served when sedentary rats were submitted to the endurance work. 


In some animals, the training (25 m/min for 150 min/day) was associ- 
ated with the intraperitoneal administration of three doses of drugs ex- 
erting a peripheral vasodilating action. On the 25th day of training, pa- 
paverine was not inducing any significant change in the enzymatic ac- 
tivities examined (Table 111). Caffeine caused an increase in several 
glycogenolysis and glycolysis activities but no significant modifications 
in mitochondrial enzymatic activities. With nicergoline, succinate de- 
hydrogenase and malate dehydrogenase activities were increased, while 
lactate dehydrogenase was significantly decreased. Finally, the admin- 
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Figure 1-Relative enzymatic activities of gastrocnemius muscle of 
rats trained to run continuously for 150 minlday at 25 mlmin, expressed 
as a function of training time. Enzymatic activity was expressed by 
assuming the activity of sedentary controls (at time 0) was equal to 1 .  
Each point represents the mean of eight rats. Key: 1, adenyl cyclase; 
2, succinate dehydrogenase; 3, malate dehydrogenase; 4, glutamate 
pyruvate transarninase; 5, phosphofructokinase; and 6,  lactate dehy- 
drogenase. 
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Table 11-Activities of Gastrocnemius Muscle Enzymes of Rats Trained to Run Continuously for 150 m i d d a y  for 100 Days at 25 m/min 
with or without Subsequent Training for 25 Days at 30 m/min a 


2-Keto- Glutamate 
Adenyl Phospho- Lactate Isocitrate glutarate Succinate Malate Pyruvate 


Exercise Cyclase Phospho- fructo- Pyruvate Dehydro- Citrate Dehydro- Dehydro- Dehydro- Dehydro- Trans- 
Group x 10-6 rylase kinase Kinase genase Synthase genase genase genase genase aminase 


100Daysat 26.5 f 18.63~ 26 .8 f  204 f 485 f 41.6f  5.12 f 1.92 f 6.97 f 444f 33.3 f 
25 m/min 1.7 1.1 2.6 20 17 3.2 0.34 0.09 0.27 38 1.4 


100Daysat 44.7b f 26Sb f 38Sb f 285 f 687b f 43.2 f 5.26 f 2.15 f 7.23 f 4 7 0 f  40.3 f 
25 m/min t 4.0 2.0 1.6 14 34 2.6 0.18 0.13 0.23 36 3.4 
25 davs at  


The activities are expressed as micromoles of substrate utilized per minute per gram wet weight of tissue. Values are means f SEM of eight rats. Significant difference, 
p < 0.01 (Student t test). 


istration of bamethan significantly increased both adenyl cyclase and 
succinate dehydrogenase activities. 


However, these pharmacological actions were no longer observable in 
animals trained and treated for 100 or 150 days (Table IV). This finding 
suggests that drugs act only during the first stage of noncompensated 
physiological adaptation to endurance training. Indeed, after physio- 
logical adaptation had taken place, the drugs tested were totally inac- 
tive. 


DISCUSSION 


For the same endurance workload, the evaluated muscular enzymatic 
activities varied in a nonhomogeneous way as a function of the training 
time. Changes in the hyaloplasmic enzymatic activities were different 
from those observed in the mitochondrial ones. Among mitochondrial 
activities themselves, those of the tricarboxylic acid cycle showed 
quantitatively different modifications. However, these discrepancies in 
behavior can be partially regarded as merely apparent ones. With an ef- 
fective workload (5), at  least three successive phases (as a function of the 
training time) can be hypothesized. 


Noncompensated Mitochondrial Adaptation-The initial increase 
(Fig. 1) in the mitochondrial enzymatic activities of the Krebs cycle was 
accompanied by a significant increase in the hyaloplasmic ones. In par- 
ticular, the increased activity of adenyl cyclase and phosphorylase and 
of phosphofructokinase and pyruvate kinase demonstrates the activation 
of glycogenolysis and glycolysis, respectively. The increase in the lactate 
dehydrogenase activity suggests that a certain amount of pyruvate is 
reduced to lactate instead of being utilized as acetyl coenzyme A in the 
tricarboxylic acid cycle. If this were the case, the adaptation of mito- 
chondrial activities would not be able to meet the actual energy re- 
quirements consequent to training and the lactacid anaerobic compen- 
sative mechanism would then activate. 


This hypothesis is further supported by the role of the drugs tested. 
Nicergoline is an a-blocking agent that activates the mitochondrial oxi- 
dative processes (5,24-26) and, in part, the adenyl cyclase system (27). 
As compared to trained untreated animals, during this first stage nicer- 
goline (Fig. 2) caused both an increase of several mitochondrial enzymatic 
activities and a lower training-induced increase in the lactate dehydro- 
genase activity. 


Caffeine is a xanthine drug, known to activate the adenyl cyclase sys- 
tem through phosphodiesterase inhibition (28). As compared to trained 
untreated animals, during this first stage caffeine did not significantly 
increase mitochondrial activities, but it increased the activity of adenyl 
cyclase (activation of glycogenolysis), phosphofructokinase (activation 
of glycolysis), and lactate dehydrogenase (activation of the reduction of 
pyruvate to lactate). Bamethan is a catecholamine-like agent, stimulating 
the adenyl cyclase system (29) and partially the oxidative processes (24, 
25). As compared to trained untreated animals, bamethan induced an 
increase in a few mitochondrial activities and in the hyaloplasmic enzy- 
matic activity adenyl cyclase. 


The behavior of enzymatic systems, examined also with regard to the 
effect of varying exogenous stimuli (such as those caused by the drugs 
tested), confirmed the existence of a “see-saw” mechanism between 
mitochondrial oxidative adaptation and the lactacid anaerobic mecha- 
nism to meet the energy requirements consequent to training. 


Finally, it should be stressed that chronic administration of papaverine 
at the doses capable of exerting an effective peripheral vasodilating action 
did not change any glycolytic and mitochondrial enzymatic activities. 


Compensated Mitochondrial Adaptation-With training continuing 
at  the set constant level, the progressive increase in the Krebs cycle mi- 
tochondrial enzymatic activities became more evident during the second 
phase. However, the enzymatic activities connected with glycogenolysis 
and glycolysis showed a constant decrease, down to values close to the 
initial pretraining ones (Fig. 1). During this phase, the increase in mito- 
chondrial activities would appear to be able to meet the energy require- 
ments brought about by training, with no need for any hyaloplasmic 
compensation. During this phase, the chronic treatment with the drugs 
tested did not modify the overall pattern of mitochondrial adaptation 
phenomena. 


Overcompensated Mitochondrial Adaptation-With training 
continuing at the set intensity level, mitochondrial enzymatic activities 
were practically in a steady state. However, a concomitant increase was 
noted in some enzymatic activities connected with pyruvate metabolic 
pathways (e.g., pyruvate + glutamate + alanine + 2-ketoglutarate, 
catalyzed by glutamate pyruvate transaminase) (Fig. 1). Lactate dehy- 
drogenase was, on the other hand, decreased to values lower than pre- 
training ones. Therefore, during this phase, even though mitochondrial 
enzymatic activities were adequate to the daily workload, a “third way” 


Table 111-Activities of Gastrocnemius Muscle Enzymes of Rats Trained to Run Continuously for 150 m i d d a y  at 25 m/min for 25 Days 
with or  without Drug Treatment (0.5 ml/kg ip Daily of a 1.6,4, or  10 X MSolution) a 


Glutamate 
Concen- Adenyl Phospho- Lactate Succinate Malate Pyruvate 


Trained tration, Cyclase Phospho- fructo- Dehydro- Citrate Dehydro- Dehydro- Trans- 
Group M X n X 10-6 rylase kinase genase Synthase genase genase aminase 


Untreated - 8 52.4 f 3.9 29.6 f 1.1 45.6 f 3.4 759 f 74 32.5 f 1.8 5.33 !~0.29 3 6 6 f  26 20.3 f 1.5 
Treated with 1.6 5 66.3b f 3.7 35.2 f 3.9 52 .4 f  4.4 8 5 0 f  21 29.2 f 1.7 5.04 f 0.36 321 f 17 24.6 f 2.7 


caffeine 4.0 5 68.gb f 5.4 34.8 f 3.0 56.3b f 2.3 905b f 23 35.2 f 1.4 5.40 f 0.46 375 f 10 21.6 f 1.5 
10.0 5 70.2b f 4.6 33.3 f 2.8 58.4b f 3.1 876b f 32 31 .4 f  2.3 4 .92f  0.61 354 f 16 17 .6 f  3.8 


Treated with 1.6 5 52.6 f 3.3 25.6 f 3.1 40.6 f 2.6 730 f 64 27.7 f 3.6 5.52 f 0.46 3 4 8 f  21 19.9 f 2.2 
papaverine 4.0 5 49.2 f 4.1 26.6% 2.4 47.1 f 2.6 782 f 35 30.2 f 2.2 5.20 f 0.21 324 f 23 22.1 f 1.6 


10.0 5 47.7 f 3.2 24.7 f 2.5 39.2 f 1.8 765 f 71 29.3 f 1.8 5.28 f 0.17 402f 61 24.3 f 1.9 
Treated with 1.6 5 60.2 f 4 . 8  29.9 f 2.1 43.6 f 2.2 858 f 70 32.4 f 2.7 5.96 f 0.31 336 f 26 19.1 f 2.0 


bamethan 4.0 5 69.sb * 5.0 33.5 f 3.3 52.6 f 3.1 842 f 53 37.3 f 1.7 6.375 f 0.19 404 f 28 2 3 . 0 f  1.6 .. . ~ 


10.0 5 71,8b f 6.3 37.4b f 1.7 47 .4 f  3.6 8 3 6 f  50 37.6 f 2.0 6.23b f 0 . 2 4  473b % 28 25.6 f 3.7 
Treated with 1.6 6 49.4 f 4 . 6  27.2 f 1.3 39.4 f 4.2 613b f 48 36.6 f 2.9 6.1Sb f 0.37 3 9 4 f  17 20.6 f 1.9 


niceraoline 4.0 6 57.6 f 1.9 31.2 f 1.5 47.7 f 1.8 642b f 14 40.4 f 3.5 6.74b f 0.41 438b f 25 22.5 f 1.8 - 
10.0 6 58.4 f 2.6 29 .2 f  1.4 41.3 f 3.3 600b f 36 40.2 f 4.1 6.82b f 0.51 444bf 36 21.4f  1.7 


a The activities are expressed as micromoles of substrate utilized per minute per gram wet weight of tissue. Values are means f SEM of n rats. b Significantly different 
from trained untreated rats, p < 0.01 (Student t test). 
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Figure 2-Relatiue enzymatic activities of gastrocnemius muscle of rats 
trained to  run continuously for 150 minjday at 25 mlmin for 25 days and 
treated daily with drugs (0.5 mllkg ip  of a 4 X M solution) ex- 
pressed as a function of the activity of trained untreated rats. Key:  0, 
adenyl cyclase; a, lactate dehydrogenase; and m, succinate dehydro- 
genase. 


of pyruvate metabolism became evident. This side pathway (8,101 would 
permit the utilization of pyruvate instead of its reduction to lactate. 


Under those experimental conditions (i.e,, constant intensity and 
duration of work), this further specialization of a metabolic shunt with 
the Krebs cycle, a t  a time when the values of the enzymatic activities of 
the Krebs cycle itself have reached a high plateau, seems rather strange. 
Moreober, it is not totally clear why, for example, after 100 days of 
training some enzymatic activities of the Krebs cycle had increased by 
80-90% (e.g., isocitrate dehydrogenase and succinate dehydrogenase) 
while others had increased by only 50-60% (e.g., 2-ketoglutarate dehy- 
drogenase and malate dehydrogenase). 


The methods used to determine enzymatic activities completely upset 
the autoregulative interactions that maintain the cell as a functionally 
integrated system (5). A thorough and reliable picture of enzymatic 
functions can be provided only by an extensive investigation of bio- 
chemical relationships a t  the subcellular level. Indeed, an evaluation of 
the activity of an enzyme cannot yield any information about the con- 
centration of the enzyme itself. Nor can an overall evaluation of mito- 
chondrial proteins give reliable information on the concentration of a 
single mitochondrial enzyme. Nevertheless, even knowing the amount 
of the purified enzyme provides little satisfactory information when the 
characteristic more effectively modulated by training or by drug is, for 
example, the affinity between the enzyme and the substrate. Absolute 
conclusions are not drawn from experimental data which, even though 
numerous and sophisticated, might be only relatively related to each 
other. 


The phases of mitochondrial adaptation are relative to the actual 
workload. Thus, after the phase of compensated mitochondrial adapta- 
tion, an increase in the workload causes biological substrates to go back 
to the state of noncompensated mitochondrial adaptation. Significant 
increases in the enzymes of glycogenolysis (adenyl cyclase and phos- 
phorylase), glycolysis (phosphofructokinase), and pyruvate reduction 
(lactate dehydrogenase) are again induced. 


Only the phase of noncompensated mitochondrial adaptation seems 
to be affected by drugs, with the extent depending more on the drug’s 
specific characteristics than on its vasodilating action. Some drugs act 
mainly on oxidative processes (nicergoline), others act on glycolysis 


Table 1V-Activities of Gastrocnemius Muscle Enzymes of Rats  
Trained to  Run  Continuously for  150 m i d d a y  at 25 m/min for  
100 Days with o r  without Treatment  by Some Drugs (0.5 ml/kg 
ip  Daily of a 4 X 


Adenyl Lactate Succinate 
Trained Cyclase Dehydro- Dehydro- 
Group n x genase genase 


M Solution) 


Untreated 8 26.5 f 1.7 485 f 17 6.97 f 0.27 
Treated with caffeine 5 30.2 f 2.6 510 f 22 7.10 f 0.37 
Treated with DaDaverine 5 24.3 f 2.4 510 f 25 6.65 f 0.20 
Treated with bamethan 5 31.2 zk 3.6 503 zk 33 6.72 5 0.27 
Treated with nicergoline 5 27.6 f 1.8 468 f 24 7.20 f 0.35 


gram wet weight of tissue. Values are means f SEM of R rats. 
a The activities are expressed as micromoles of substrate utilized per minute per 


(caffeine), while still others exhibit intermediate characteristics (bam- 
ethan). With regard to the phases of compensated mitochondrial adap- 
tation, the drugs tested proved totally inactive. 
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Chronotropic and Cyclic Adenosine Monophosphate 
Response of Fetal Rat Heart in Organ Culture to 
Isoproterenol, Quinidine, and a Dysrhythmogenic Agent 


CHARLES L. EYER and WILLIAM E. JOHNSON * 


Abstract The fetal rat heart in organ culture was used to investigate 
rate changes by various cardioactive agents. Concomitantly, the effect 
of these pharmacologically induced rate changes on steady-state cyclic 
adenosine monophosphate levels was determined. Isoproterenol increased 
the fetal rat heart rate and cyclic adenosine monophosphate in a con- 
centration-related fashion. Quinidine produced a concentration-related 
decrease in heart rate and no change in cyclic adenosine monophosphate 
level. The dysrhythmogenic agent produced concentration-related 
negative chronotropism in the fetal rat heart preparation and significant 
elevations in cyclic adenosine monophosphate at  concentrations without 
chronotropic action. No correlation between chronotropic effect of a drug 
and cyclic adenosine monophosphate levels was observed. 


Keyphrases Isoproterenol-effect on fetal rat heart rate related to 
levels of cyclic adenosine monophosphate, organ culture 0 Quinidine- 
effect on fetal rat heart rate related to levels of cyclic adenosine mono- 
phosphate, organ culture 0 Dysrhythmogenic agent-effect on fetal rat 
heart rate related to levels of cyclic adenosine monophosphate, organ 
culture 0 Adenosine monophosphate, cyclic-levels in fetal rat heart in 
culture, related to rate changes caused by isoproterenol, quinidine, and 
dysrhythmogenic agent Cardioactive agents-isoproterenol, quinidine, 
and dysrhythmogenic agent, effect on fetal rat heart rate related to levels 
of cyclic adenosine monophosphate, organ culture Chronotropic ef- 
fects-isoproterenol, quinidine, and dysrhythmogenic agent, fetal rat 
heart in culture, related to levels of cyclic adenosine monophosphate 


Although the role of cyclic adenosine monophosphate 
(I) in cardiac inotropism has been investigated (1-3), there 
have been few attempts to study its role in cardiac chro- 
notropism. The pacemaker region of the heart has been 
considered too small to be of use in determining adenyl 
cyclase activity, phosphodiesterase activity, or I levels (4). 
One study ( 5 )  demonstrated that chronotropic and ino- 
tropic cardiac responses to catecholamines were very 
similar with respect to dose dependence and sensitivity to 
&blocking agents. This result might be considered as in- 
direct evidence of a common mechanism for cardiac rate 
and force of contraction. Much evidence linking chrono- 
tropism and I comes from the study of cultured, beating 
heart cells isolated from the neonatal rat. The pulsation 


rate of these cells is accelerated by epinephrine, a known 
stimulator of adenyl cyclase (6). Dibutyryl I also imposes 
positive chronotropism in the same preparation (7). 


Entire hearts from fetal mice can be cultured in such a 
manner as to beat consistently for a period of time (8). The 
cultured fetal mouse heart has been used as a pharmaco- 
logical tool. Positive chronotropism was demonstrated 
using this preparation with liothyronine and levarterenol, 
and negative chronotropism was found with acetylcholine 
(9). The fetal mouse heart is capable of responding to these 
agents as early as the 12th day of gestation (10). The 
presence of the @-receptor was demonstrated in this same 
preparation (11). 


In this study, the entire fetal rat heart was cultured and 
used to investigate the relationship between chronotropic 
effects and steady-state I levels in the myocardium. The 
fetal rat heart was chosen because it was larger than the 
mouse heart; this larger size facilitated tissue assay. 


Three agents were chosen for pharmacological inter- 
vention. Isoproterenol was used for its positive chrono- 
tropic and P-adrenergic actions. Quinidine was employed 
for its negative chronotropic effect. Ethyl S-ethoxycar- 
bonyl-4-hydroxy-2H- 1,2-benzothiazine-2-acetate 1,l-  
dioxide‘ (11), an experimental compound that produces 
ventricular fibrillation (12), was used to investigate the role 
of I in cardiac dysrhythmogenesis. 


EXPERIMENTAL 


Organ Culture-On their 19th day of gestation, pregnant Sprague- 
Dawley rats were sacrificed by cervical separation. The fetuses were 
quickly removed by Caesarean section. 


The fetuses were decapitated, the chests were cut open, and the fetal 
hearts were removed as quickly and aseptically as possible. The hearts 
were trimmed of excessive connective tissue, rinsed in sterile saline, and 


1 McN-2165, McNeil Laboratories. 
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Table I-Formula of Medium Used to Culture-Fetal Rat  Hearts 


Ingredient Amount 


Sodium chloride. 116.40 mmoles 
Potassium chloride 5.40 mmoles 
Magnesium sulfate heptahydrate 0.80 mmole 
Glucose 5.60 mmoles 
Monobasic sodium phosphate monohydrate 1.00 mmole 
Calcium chloride dihydrate 1.84 mmoles 
Sodium bicarbonate 26.20 mmoles 
Phenol red 20 mg 
Human serum (not normally part of Earle's salts) 33 ml 
Water 4.s. to 1000 ml 
Penicillin G" 25 mg/200 ml 
Streptomycin" 25 mg/200 ml 
Hydrocortisonea 0.02 mg/200 ml 
Insulin U-100 regular" 0.24 m1/200 ml 


a Added just prior to use; the pH was adjusted to 7.40. 


positioned carefully on stainless steel grids in 16 X 55-mm disposable 
petri dishes2 as described by Wildenthal (13). 


The culture medium was prepared from Earle's salts with various ad- 
ditives necessary to optimize survival of the organ culture (8) (Table I). 
Before being placed in the sterile petri dishes, the culture medium was 
sterilized by filtration through a 0.45-pm filters. After removal, hearts 
were kept in their petri dishes in a laminar flow hood until transferred 
to an incubation chamber. 


The organ cultures were placed in a humidified incubation chamber. 
The chamber was then filled with 95% 0 ~ 5 %  COz, sealed, and incubated 
at  37O for 48 hr to allow the heart rhythm to stabilize. 


After 48 hr of incubation, the culture medium was exchanged for 
freshly prepared medium. The hearts were equilibrated for a t  least 2 hr 
in the fresh medium, and each culture was then transferred to a con- 
stant-temperature chamber set a t  37" (Fig. 1). The chamber was filled 
with 95% 02-5% COz and sealed. After 5 min for temperature equilibra- 
tion, the hearts were observed with the aid of a dissecting microscope. 
The number of ventricular contractions was recorded for 1 min. The atrial 
rate and any anomalies of rhythm also were recorded. Hearts performing 
at a ventricular rate between 30 and 80 beats/min were retained for study, 
and the remainder was discarded. 


After the predrug rate was recorded, the culture medium was ex- 
changed for fresh medium containing a given drug concentration. The 
heart preparation was then returned to  the incubation chamber for 90 
min. (All drugs used in this study produced recognizable pharmacological 
effects within 45 min, and the effect was consistent for more than 120 
rnin.) After this second incubation period, the petri dish was returned 
to the 37" incubation chamber and gassed with 95% 0 ~ 5 %  COz. After 
equilibration for 5 min, the ventricular contractions were again counted 
for 1 min. Immediately after the second count, the heart was frozen in 
liquid nitrogen, weighed, and homogenized in 5 ml of ice-cold 6% tri- 
chloroacetic acid. 


The homogenates were centrifuged at  2500Xg in a clinical centrifuge 
for 20 min. The supernates were transferred to 50-ml screw-capped glass 
tubes and extracted four times with 20 ml of water-saturated ether. The 
samples were then placed in boiling water, the ether was boiled off, and 
the samples were stored at -20O until a I assay could be performed (14). 
The precipitated protein was saved and used to determine the total 
amount of protein in each heart. 


Changes in heart rate were calculated as the ratio of the rate before 
incubation with the drug (predrug rate) to the rate after 90 rnin of drug 
incubation (postdrug rate). This value, R ,  would be greater than one if 
the heart rate increased after drug exposure and less than one if the heart 
rate decreased. Four to eight fetal hearts were generally used for each drug 
Concentration. 


Control hearts were randomly selected from various litters, and their 
heart rates were recorded in the same manner as the drug-treated hearts. 
Controls were incubated for 2 hr in fresh medium, counted for 1 min, 
incubated for 90 min, and again counted for 1 min to obtain an R value 
for each heart. The R values obtained for each concentration of a given 
drug were statistically compared with the control values and with each 
other. 


Assay for I-Assay for 1 was performed by the saturation assay 
method of Brown et al. (15). The away relies upon competition between 


2 Falcon 1007. 
3 Millipore type HA. 


Figure I-Constant-temperature observation apparatus. Dark hoses 
are the gas inlet and outlet, and light hoses are the water jacket inlet 
and outlet. The thermometer lies across the face of the clock. The water 
bath is on the extreme right. A Spencer A/O binocular dissecting mi- 
croscope is inserted through the top of the chamber. 


tritium-labeled I and unlabeled I for binding sites in a protein fraction 
isolated from beef adrenals. 


Assay tubes (50 X 10 mm) were prepared by the addition of 0.1 ml of 
tritiated I4 (100,000 cpm/ml), 0.1 ml of sample or standard, and 0.3 ml 
of the appropriate dilution of binding protein. A standard curve was 
constructed using known concentrations of unlabeled I from 0.25 to 8 
pmolesltube. All standards and samples were determined in duplicate. 
Tubes were incubated at  4" for 12-16 hr in a shaker at low speed. 


A t  the end of the incubation period, 0.5 ml of saturated ammonium 
sulfate was added to each tube to precipitate the binding protein (16). 
The tubes were immediately centrifuged at  60,OOOXg for 15 rnin in an 
ultracentrifuge. A 0.5-ml portion of supernate was transferred to a scin- 
tillation vial containing 10 ml of scintillation fluid5. All samples were 
counted to 50,OOO counts in a liquid scintillation countefi. Since counting 
efficiency was essentially constant, ratios of counts per minute were used 
throughout. The ratio of counts per minute in each sample to the counts 
per minute in samples containing no unlabeled I was calculated and called 
the "fraction unbound." 


A standard curve of the fraction unbound uersus log picomoles per tube 
was constructed. Sample values were obtained by extrapolation from the 
standard curve. 


The protein content of the fetal heart was determined by the method 
of Lowry et al. (17). Levels of I were expressed as picomoles per milligram 
of protein. 


Statistical Procedures-Means and standard errors were calculated 
for each treatment group. The pooled Student t test was used to compare 
drug-treated values with their respective controls. Analysis of variance 
and Duncan's new multiple range test were employed to compare each 
value in an experiment with the other values in that experiment (18). 


RESULTS AND DISCUSSION 


Levels of I in the fetal hearts not treated with any drug were 25.88 f 
2.50 pmoles/mg of protein or 1.69 f 0.31 nmoleslg of fresh weight. These 
values are about the same as reported values of 1.42 nmoles/g of fresh 
weight obtained (19) with the protein kinase assay in the adult rat ven- 
tricle. However, experimental values (20) with the bioluminescent assay 
were as high as 2.7 nmoledg of fresh weight. 


Quinidine sulfate decreased the heart rate significantly from the control 
value (p < 0.05) a t  concentrations of 1 X M and greater (Table 11). 
The response to the 5 X 10W M concentration was not significantly dif- 
ferent from those of the 1 X M concentration. At  a concentration 
of 1 X M ,  two hearts out of five stopped beating. The mean heart 
rate a t  this highest concentration was depressed to approximately 40% 
of the predrug level when the two hearts that stopped beating were in- 
cluded, and this value was significantly different from all other concen- 


4 New England Nuclear, 22.1 Ci/mM. 


6 Packard Tri-Carb. 
PCS, Amersham/Searle. 
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Table 11-Effect of Quinidine Sulfate on Fetal R a t  Hea r t  Rate 
and I Level" 


R Mean I Mean 
Concen- Compar- I, pmoles/ Compar- 


tration, M n R b  isonsC mg of Protein isonsr 


Control 6 1.005 f 0.044 a 25.88 f 2.50 a, /3 
5 X 5 0.939 f 0.104 a. R 16.85 f 4.09 6' 


Table IV-Effect of I1 on Fetal R a t  Hea r t  Rate  and I Level" 


R Mean I Mean 


tration, M n R b  isonsC mg of Protein isonsC 
Concen- Compar- I, pmoles/ Compar- 


Control 6 1.005 f 0.044 a 25.88 f 2.50 - 
1 X lop6 8 0.850 f 0.030 a, P 67.68 f 9.12 ff 


74.80 f 16.24 a 5 x 7 0.711 f0 .083 R 
1 X 8 0.818 f 0.053 f3:r 19.51 f 4.26 k 


~ .__ 5 X low5 8 0.539 f0.068 y 54.86 f 3.80 , I *  a 
5 X  9 0.666k0.067 y 30.68 f 3.52 a 1 X 7 0.452 f 0.064 y 119.51 f 42.46 a 
1 X 5d 0.405f0.168 - 14.22 f 1.80 0 


Values of R and 1 represent the mean + SE. Sample size = n. b R = postdrug 
rate/predrug rate. Treatment means that contain a common Greek letter were 
not significantly different from each other at the 5% level of significance. d Two 
hearts stopped beating after a concentration of 1 X 


trations. Levels of I were not significantly different from controls at  any 
of these concentrations. 


Although quinidine can prevent arrhythmias without altering heart 
rate, it produces negative chronotropism at less than toxic doses (21). At 
concentrations of 1-5 X 10-6M, quinidine decreased the pulsation rate 
of cultured cells from the neonatal rat ventricle (22). In humans, blood 
levels greater than 2.5 X M generally produced negative chrono- 
tropism (23). This result correlates well with the negative chronotropic 
response to quinidine observed in this study. A concentration of 5 X 
M quinidine sulfate, equivalent to 1 x 10W M quinidine, was the lowest 
concentration of quinidine that produced significant negative chrono- 
tropism. 


With use of analysis of variance, no I levels in the drug-treated group 
were significantly different from the control value. However, a t  the 1 X 
lo-* M concentration, two hearts stopped beating a t  some time during 
the 90-min incubation. These two hearts had I levels of 19.30 and 17.61 
pmoles/mg of protein as compared with 12.90,10.95, and 10.33 pmoles/mg 
of protein for the three hearts still beating. Since it is not known when 
in this.90-min period the hearts stopped beating, the possibility that these 
two values were elevated after the hearts stopped beating must be con- 
sidered. 


Namm and Mayer (24) demonstrated that changes in I levels in dog 
and rat hearts were detectable only when the tissue could be frozen 
rapidly. The biopsy method could not detect changes in I levels because 
the tissue was not frozen quickly enough. Schmidt et al. (25) found that 
the I levels in brain tissue increased severalfold when rat brains were 
allowed to stand after decapitation before denaturation. From these 
studies, it seems reasonable that I levels could fluctuate considerably 
when the tissue is dying. However, Sutherland et al. (1) demonstrated 
that cardiac tissue retains its I responses to hormones and drugs even 
after it is no longer beating. 


M concentration of quinidine sulfate was compared 
with the control value for I by means of the Student t test, a significant 
difference was revealed ( p  < 0.01). The possibility that  a high concen- 
tration of quinidine may lower I levels cannot be ignored. However, this 
concentration is lethal to about half of the hearts and probably this de- 
crease in I levels is of no importance in the clinical usage of this drug. 


Isoproterenol hydrochloride increased the heart rate significantly ( p  
< 0.05) from the control value a t  concentrations of 5 X 
M (Table 111). At the highest concentration, the heart rate was approxi- 
mately 1.7 times the predrug rate. The heart rate was gradually increased 
over the concentration range of 5 X 10-8-1 X M ,  but only the highest 
two concentrations caused significantly different rates from the control 
value a t  the 95% level of confidence. The rate a t  5 X M was signifi- 
cantly different from the rate a t  1 X lop5 M only, and rates at 1 X 
and 5 X 10-7 M were not significantly different from any other rates a t  
the 95% level of confidence. 


M quinidine sulfate. 


When the 1 X 


and 1 X 


Table 111-Effect of Isoproterenol Hydrochloride on Fetal R a t  
Heart Rate and  I Level" 


R Mean I Mean 
Concen- Compar- I, pmoles/ Compar- 


tration. M n Rb isonsC me of Protein isonsc 


Control 6 1.005 f 0.044 25.88 f 2.50 a 
5 X 10-8 5 1.258 f 0.126 a, 0 36.93 f 4.53 a 
1 X 10-7 4 1.306 f 0.157 a, /3, Y 36.94 f 5.42 a 
5 X 6 1.342 f 0.069 a, 8, Y 34.28 f 5.00 a 
5 x  10-6 6 1.69860.255 R,r 41.65 f 6.09 a 
1 X 8 1.741f0.149 y 66.35 f 9.42 - 


Values of R and I represent the mean f SE. Sample size = n. R s postdrug 
rate/predrug rate. c Treatment means that contain a common Greek letter were 
not significantly different from each other at the 5% level of significance. 


a Values of R and I represent the mean f SE. Sample size = n. R = postdrug 
Treatment means that contain a common Greek letter were rate/predrug rate. 


not significantly different from each other at the 5% level of significance. 


Although the I levels gradually increased with increasing concentra- 
tions of isoproterenol, only values a t  1 X M were significantly dif- 
ferent from values a t  any other concentration ( p  < 0.05). At this highest 
concentration, the I level was 66.35 f 9.42 pmoles/mg of protein, as 
compared to 25.88 f 2.50 pmoles/mg of protein for the control value. 


Isoproterenol had cardioaccelerator properties in laboratory animals 
and humans (26). The observed 74% increase in rate (Table 111) is close 
to the 60% increase in heart rate found by Wollenberger (6) in response 
to P-adrenergic stimulation by epinephrine in isolated rat pacemaker 
cells. In the organ-cultured mouse heart, isoproterenol promoted an 
overall increase in rate ( I  1). The same preparation showed concentra- 
tion-related positive chronotropism in response to 10-4-10-6 M epi- 
nephrine and levarterenol. These responses can be blocked by propran- 
0101, which implicates 0-adrenergic receptors. Concentrations of and 


M isoproterenol also increased heart rate 20 and 5096, respectively, 
in the cultured fetal mouse heart (27). These values compare favorably 
with the data in Table 111, which show approximately a 34% increase in 
rate a t  5 X 


M ,  previously produced approximately a 100% 
increase in the I level of the electrically driven, isolated perfused adult 
rat heart (28). As perfusion without drug continued, the level returned 
to the control value within 4 min. In the same study, M isoproterenol 
produced the same degree of increase in I levels. The same effects were 
shown with epinephrine in isolated rat and rabbit adult perfused hearts 
(1, 29). Continuous infusion of epinephrine produced a rapid rise in I 
followed by a decrease to a level approximately three times higher than 
the control value in adult perfused rat hearts (30). 


Table 111 shows a similar tripling effect in the present system when the 
fetal rat hearts were incubated for 90 min in the presence of a sufficiently 
high concentration of isoproterenol. The apparent lack of effect of lower 
concentrations of isoproterenol seen in this study when compared with 
the results of a y e  and Langslet (28) was related possibly to the obser- 
vation time after the onset of treatment. These investigators gave iso- 
proterenol as a single dose, and the I levels rapidly returned to the control 
level. The initial rise caused by a low concentration of isoproterenol in 
this study perhaps could have disappeared before the 90-min observation 
time. The I level for 5 X M isoproterenol was not significantly dif- 
ferent from the control value when analysis of variance was employed 
but was significantly different from the control value a t  the 5% level of 
significance when the two means were compared using the Student t 
test. 


The rise in I levels following isoproterenol administration indicates 
that the fi-adrenergic receptor subunit on the adenyl cyclase is present 
a t  Day 19. Clark et al. (31) found this to be true in the fetal rat heart as 
early as Day 16, although the glucagon receptor was not present until 28 
days postpartum. 


Compound I1 decreased the heart rate significantly from the control 
value a t  concentrations of 5 X M and higher (Table IV). At the 
highest concentration of 1 x M ,  the heart rate was depressed to 
approximately 45% of the predrug level. The heart rate at  5 X M was 
not significantly different from the rate a t  1 X M but was signifi- 
cantly different from the control value and from the rates a t  higher 
concentrations. Rates a t  concentrations of 5 X and 1 X M were 
significantly different from rates a t  all other concentrations but were not 
significantly different from each other. A t  no time during the observation 
of the effects of I1 on the heart rate was any evidence of arrhythmias, 
other than bradycardia, detected. Ventricular tachycardia, fibrillation, 
and ectopic foci were never present when the fetal rat hearts were treated 
with 11. 


Levels of I were significantly elevated above the control level a t  all 
concentrations of 11. There was no significant difference in the I levels 
between the drug-treated groups. 


Intravenous administration of I1 to anesthetized adult dogs consis- 


M and a 70% increase a t  5 X M isoproterenol. 
Isoproterenol, 
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Figure 2-Effects of quinidine sulfate (a), isoproterenol hydrochloride 
(O), and I I  (m) on fetal  rat heart rate. The  broken line represents the  
mean control value, and the base of the triangle is equal to  the standard 
error for the  control value. Vertical bars represent f 1 SE. 


tently produced a prolongation of the QRS interval (slowing the spread 
of action potential) and ventricular ectopic beats. These events often 
terminated in ventricular tachycardia and fibrillation (12). The same 
effect was shown in the isolated adult rat heart7. The fetal rat heart, 
however, showed only a negative chronotropic response to 11. Even a t  the 
highest concentration, the fetal rat hearts showed no evidence of tachy- 
cardia, ectopic foci, or fibrillation. Cardiac standstill was not observed 
for any heart treated with 11. The variation in the R values obtained a t  
various concentrations of I1 was considerably less than with any other 
drug treatment. 


In contrast, the variation in the fetal heart I levels a t  a given concen- 
tration of I1 was generally greater than for either quinidine or isopro- 
terenol. Compound I1 elevated I levels above that of the control a t  all 
concentrations. However, the variation in the data was such that no 
statistically significant difference could be detected between I levels a t  
any drug concentration. 


As shown in Figs. 2 and 3, comparison of the effects of isoproterenol 
(increased rate and increased I concentration), quinidine (decreased rate 
and no change in I level), and I1 (decreased rate and increased I level) 
shows no correlation between changes in the heart rate and the level of 
I in the entire heart after a 90-min incubation. When the heart rate is 
altered pharmacologically, certain possibilities exist in which I could still 
be the mediator of chronotropism. A rapid flux of I could alter some other 
cellular component, e.g , membrane phosphorylation, and this condition 


140 I T 
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Figure 3-Effects of isoproterenol hydrochloride (O), quinidine sulfate 
(a), and I I  (m) on  I levels i n  the fetal rat heart. The  broken line repre- 
sents the mean control value, and the base of the triangle is equal to the 
standard error for the control value. Vertical bars represent f 1 SE. 


7 Unpublished data. 


could determine the rate that would still be in effect when the I level had 
returned to the control value. A separate cellular pool of I responsible for 
altering the heart rate could be changed without a similar change in the 
net cellular I level. Epstein et al. (2) postulated such separate cellular 
pools for the regulation of myocardial contractility and glycogenolysis. 
If changes in I levels were necessary only in pacemaker cells to alter the 
heart rate, this change could also be masked by the total I concentration 
of the heart. 
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Determination of an Anti-Inflammatory Methanesulfonanilide in 
Plasma by High-speed Liquid Chromatography 


SHAW F. CHANG”, ALDORA M. MILLER, and ROBERT E. OBER 


Abstract A sensitive and chemically specific high-speed liquid chro- 
matographic method was developed for the determination of 4-nitro- 
2-phenoxymethanesulfonanilide in plasma. The method includes se- 
lective extraction of the anti-inflammatory drug and an internal standard, 
2-(4’-chlorophenoxy)-4-nitromethanesulfonanilide, into benzene from 
acidified plasma followed by reextraction into 0.2 N NaOH. The aqueous 
layer is acidified, and the drug is reextracted into benzene. The benzene 
is evaporated, and the residue is dissolved in a small volume of acetoni- 
trile. A 10-pl aliquot is analyzed on a reversed-phase column. The mean 
overall extraction recovery, after correction for aliquot factors, is 99%. 
The accuracy, expressed as the relative error, is 4,0.3, and -3% at  0.60, 
1.50, and 3.00 pg/ml, respectively. Repeated analysis of reference stan- 
dards indicates that the precision, expressed as the relative standard 
deviation, is 3% or less. The lower sensitivity limit is 0.2 pg/ml with a 2-ml 
plasma sample. The method was applied successfully to the determina- 
tion of plasma levels of 4-nitro-2-phenoxymethanesulfonanilide in hu- 
mans and rats in metabolic experiments at pharmacological doses. 


Keyphrases 0 4-Nitro-2-phenoxymethanesulfonanilide-high-speed 
liquid chromatographic analysis, plasma 0 High-speed liquid chroma- 
tography-analysis, 4-nitro-2-phenoxymethanesulfonanilide in plasma 


Anti-inflammatory agents-4-nitro-2-phenoxymethanesulfonanilide, 
high-speed liquid chromatographic analysis in plasma 


The anti-inflammatory properties of methanesulfon- 
anilides in animal screening models (1-3) led to the syn- 
thesis of various compounds containing the methanesul- 
fonanilide group (4). 4-Nitro-2-phenoxymethanesul- 
fonanilide (I) has anti-inflammatory activity in animals 
(3). 


Since the pharmacologically effective dose for animals 
and the therapeutic dose projected for humans are rela- 
tively low, a sensitive and specific plasma level method is 
needed to follow the pharmacokinetics of I. An electron- 
capture GLC method was developed and used; however, 
the procedure was quite time consuming and sometimes 
erratic. Recent advances in high-speed liquid chroma- 
tography (HSLC) and many examples of the determina- 
tion of drugs in biological fluids by this technique (5-10) 
prompted the development of a sensitive and specific 
HSLC method using a reversed-phase column, capable of 
quantitating the plasma I levels in rats and humans fol- 
lowing a single, oral, pharmacological dose. This method 
was applied successfully to the measurement of plasma 
pharmacokinetic parameters and used in dosage form 
comparison studies. 


EXPERIMENTAL 
Reagents-All solvents were nanograde or pesticide grade, and all 


reagents were analytical grade. The following aqueous solutions were 
made in distilled water: 1 N HCl, 0.2 N NaOH, and 2 N HCl. 


Blank Plasma-Human plasma was obtained from volunteers who 


NHSO,CH,, 
I 


had fasted overnight and had not taken any medication for the previous 
week. Blank rat plasma samples were obtained from male Holtzman rats 
via cardiac puncture. 


HSLC-A liquid Chromatograph’ equipped with a constant-flow 
pump, a fixed-wavelength UV detector (254 nm), and a septumless in- 
jectorz was used. A 0.64 X 30-cm reversed-phase column3 was precondi- 
tioned with the elution solvent, 50% (v/v) acetonitrile in distilled water, 
at a flow rate of 2.7 ml/min. The solvent was degassed by stirring for 2 
min under slight vacuum prior to use. 


The liquid chromatograph was operated at room temperature. The 
range was set at 0.02 absorption unit full scale. Less sensitive settings were 
used, if necessary, to contain the peak on scale. The chart speed was 1.27 
cm/min. 


Standard Solutions-All stock solutions of I and the internal stan- 
dard were made in methanol. Standard solutions containing 20,10,5,1, 
and 0.2 pg of VO.1 ml were made by diluting a I-mg/ml primary standard 
solution. The concentrated stock solution of 2-(4’-chlorophenoxy)-4- 
nitromethanesulfonanilide was diluted 20-fold to give an internal stan- 
dard solution of 5 pg/0.1 ml. 


Extraction of I from Plasma-To a 15 X 125-mm culture tube with 
a screw cap, add 2 ml of plasma and 0.1 ml of methanol. Along with the 
samples, prepare six standards in blank plasma by adding 0,0.2, 1,5,10, 
and 20 pg of I in 0.1 ml of methanol to 2 ml of blank plasma (for the 0.2-pg 
standard, I was added in 0.2 ml of methanol). Add 0.1 ml of internal 
standard solution, 0.4 ml of 1 N HCl, and 4 ml of benzene to all tubes. 
Shake the tubes on a equipoise shaker4 for 30 min and centrifuge at  
lOOOXg for 5 min. 


Transfer 3.5 ml of the benzene layer into a tube containing 2 ml of 0.2 
N NaOH, shake for 15 min, and centrifuge for 5 min. Then transfer 1.8 
ml of the aqueous phase into a tube containing 0.5 ml of 2 N HCI. Add 
2 ml of benzene, shake for 15 min, and centrifuge for 5 min. Evaporate 
the benzene layer (1.7 ml) to dryness at 60’ with a nitrogen stream, re- 
dissolve the residue in 40-100 pl of acetonitrile, and mix with a mixer5 
for 60 sec. Then inject a 10-pl aliquot into the liquid chromatograph. 


Calculation-Peak height ratios between I standards and the internal 
standard were plotted against I concentration. A straight line was fitted 
by the least-squares method, and its slope and intercept a t  the peak 
height ratio axis were determined. A mathematical expression of the 
standard curve is: 


peak height ratio = A(I  concentration) + B (Eq. 1) 


where A is the slope of the line, and B is the intercept of the line at the 
peak height ratio axis. 


Unknown samples are calculated from the following equation: 


(Eq. 2) 
peak height ratio - B 


A I concentration in unknown sample = 


RESULTS 


Separation-Baseline separation between I and the internal standard 
was achieved, and there was practically no interference with I or the in- 
ternal standard by endogenous materials from human plasma or by 
metabolites of I (Fig. 1). Under the experimental conditions indicated, 
the elution volumes for I and the internal standard were 12.4 ml(4.6 min) 
and 15.7 ml (5.8 min), respectively. The 2.5-min peak was due to a me- 
tabolite of I. 


Similar results were obtained from rat plasma (Fig. 2), but there was 
minor interference from endogenous material in the vicinity of the I peak. 
This small interference represented 0.02 pglml and was routinely sub- 
tracted from the calculation of I concentrations in the rat samples. 


NO2 
I 


1 Model 202, Waters Asaociates. 


3 pBondapak CIS, Waters Associates. ‘ Precision Scientific Co. 
5 Deluxe mixer model S8220. Scientific Products. 


Model U6K, Waters Associates. 
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Figure 1-Chromatogram from human plasma. Key: A, blank plasma; 
B, plasma of human dosed with I with the  internal standard added; and 
C, mixture of authentic I and t h e  internal standard. 


Extraction Recovery Check-The extraction recovery of I from 
plasma was determined by a slightly modified extraction procedure in 
which the internal standard was added after the extraction was com- 
pleted. The standard curve for this particular experiment was obtained 
by directly analyzing various mixtures of I and the internal standard 
without extraction. The extraction recovery check from human plasma 
was made in duplicate a t  five concentrations: 0.2,0.5, 2.5, 5.0, and 10.0 
pglml. Excellent recovery (Table I) was obtained over this concentration 
range. 


All samples, after correcting for aliquot factors, demonstrated 95% or 
better recovery except one sample each at  0.2 and 0.5 pg/ml, which gave 
recoveries of 89.5 and 93.8%, respectively. Their duplicate samples gave 
excellent recoveries (96.0 and 101.4%, respectively). Thus, the relatively 
poor recovery for one of the 0.2- and 0.5-pglml duplicates is likely a 
random error rather than a concentration-related effect. 


The overall mean extraction recovery was 98.8 f 4.5%. These overall 
results indicate that quantitative extraction from human plasma is 
achieved over a concentration range of 0.2-10 pglml, which covers the 
concentrations found in most biological samples obtained from metabolic 
studies of I. 


Accuracy and Precision-The accuracy of this method was checked 
by carrying samples a t  three concentration levels, 0.6, 1.5, and 3.0 pglml, 
in replicates of five through the entire method; the detected concentration 
was calculated from a pooled standard curve. The precision of this 


Table I-Extraction Recovery of I from Human Plasma 
Added, Detected", 
rg/ml pglml Recovery, % 


0.2 0.19 96.0 
0.2 0.18 89.5 
0.5 0.51 101.4 
0.5 0.47 93.8 
2.5 2.55 102.1 
2.5 2.56 102.4 
5.0 5.20 104.0 
5.0 5.04 100.7 


10.0 9.91 99.1 
10.0 9.86 98.6 


Mean f SD = 98.8 f 4.5 
0 After correction for aliquot factors (X1.494). 


A 


A 


A B B 
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0 1 2 3 4 5 6 7 8  


Figure 2-Chromatogram from rat plasma. Key: A, blank plasma; B, 
plasma of rat dosed with I wi th  the  internal standard added; and C,  
mixture of authent ic  I and the  internal standard. 


method was examined similarly by comparing the results between these 
five replicate samples a t  each concentration level (Table 11). 


The mean detected concentrations were 0.63,1.50, and 2.91 pg/ml for 
the 0.60-, 1.50-, and 3.00-pglml samples, respectively. The standard de- 
viations were 0.02, 0.04, and 0.05 pglml, respectively, and the relative 


MINUTES 


Table 11-Accuracy and  Precision of I Analysis in  Human 
Plasma by HSLC 


I Added 
to Human 
Plasma, I Detected, Difference, 
d m l  ~cg/ml PLglml 
0.60 0.63 +0.03 
0.60 0.64 +0.04 
0.60 0.60 0.00 
0.60 0.64 +0.04 
0.60 0.60 t0.02 


1.50 1.48 -0.02 
1.50 1.48 -0.02 
1.50 1.54 +0.04 
1.50 1.46 -0.04 
1.50 1.56 +0.06 


3.00 2.98 -0.02 
3.00 2.90 -0.10 
3.00 2.93 -0.07 
3.00 2.84 -0.16 
3.00 2.90 -0.10 


Mean f SD 0.63 f 0.02 
RSD 3% 


Mean error t0.026 
Relative error +4% 


Mean f SD 1.50 f 0.04 Mean error +0.004 
RSD 3% Relative error +0.3% 


Mean f SD 2.91 f 0.05 
RSD 2% 


Mean error -0.09 
Relative error 3% 
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Figure 1-Plasma I leuels in a human subject following a single oral 
200-mg dose o f 1  in aqueous suspension. 


standard deviation was 3% or less a t  all three levels. Thus, excellent 
precision was demonstrated. The accuracy of this method is indicated 
by the small mean error between the detected and theoretical values. The 
mean errors were 0.026,0.004, and -0.090 pg/ml for the 0.60-, 1.50-, and 
3.00-pglml samples, respectively. Their corresponding relative errors were 
4,0.3, and -3%. 


Specificity-In a metabolic study in humans, the HSLC fraction of 
I from plasma was collected and purified by repeated chromatography 
under the analytical conditions described. The purified material (-200 
pg) was analyzed by NMR, IR, and high-resolution mass spectrometry 
in comparison with authentic I. The results unequivocally prove that the 
HSLC fraction from plasma corresponding to 1 is in fact I. 


Human Plasma Standard Curves-Twenty-two standard curves 
(0.2-10 pglml) were constructed with the same I standard solutions by 
two analysts over 2 months. The response ratios, Ilinternal standard for 
each concentration standard, were pooled, and the mean and standard 
deviation were calculated. The relative standard deviations were 9,8,5, 


a 


0 
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2 4 6 8 10 12 14 


HOURS AFTER DOSE 


Figure 4-Mean plasma I levels i n  10 rats following a single oral 1.5- 
mglkg dose of  I i n  4 %  gum acacia. 


6, and 5% for the 0.2-, 0.5-, 2.5-, 5.0-, and lO.O-pg/ml standards, respec- 
tively. The small relative standard deviations again indicate the precision 
of this method. 


A pooled standard curve of mean response ratios versus their corre- 
sponding concentrations was constructed by linear regression fitting. The 
mathematical expression of the pooled standard curve based on all data 
is y = 0 .540~  - 0.016 (where y = response ratios and x = plasma I con- 
centration in micrograms per milliliter). A correlation coefficient ( r )  of 
0.99991 was obtained, and the excellent linear fit is indicated by the 
coefficient of determination (r2) of 0.99982. 


The minimum concentration that can be quantitatively determined 
by this method is 0.2 pg/ml with a 2-ml plasma sample. Lower concen- 
trations can be detected, but quantitation is less accurate. 


Rat Plasma Standard Curves-Five standard curves (0.2-10 gg/ml) 
from blank rat plasma were pooled and treated similarly to those from 
human plasma. The relative standard deviations were 9,5,3,2, and 1% 
of their corresponding mean response ratios for the 0.2-, 0.5-, 2.5-, 5.0-, 
and lO.O-pg/ml standards, respectively. The good precision is indicated 
by the small relative standard deviation. A straight line was fitted through 
the mean response ratios and their corresponding concentration stan- 
dards by linear regression. The mathematical expression of the standard 
curve based on all data is y = 0.512~ t 0.012. The correlation coefficient 
was 0.99999, and the coefficient of determination was 0.99998. 


Application to I Analysis in Human and Rat Plasma-A normal 
human volunteer was given a single, oral, 200-mg dose of I in aqueous 
suspension in a comparative absorption study. Heparinized blood samples 
were taken before medication and at 0.5,1,1.5,2,3,4,6,8,10,12,16, and 
24 hr. The plasma I levels determined by this HSLC method are plotted 
on a log-linear scale in Fig. 3. Following an oral 200-mg dose in this human 
subject, a peak plasma level of 7 pg/ml was reached at 1.5 hr; the decrease 
in plasma level followed a monoexponential decline with an estimated 
plasma I t 1 / 2  of 2.7 hr. These results indicate that the method is more than 
adequate to determine plasma I concentrations in humans at this and 
lower dose levels. 


Ten rats were sacrificed at  each of the several time periods following 
a single oral 1.5-mg/kg dose of I. Heparinized blood samples were col- 
lected, and the concentration of I in plasma was determined by the HSLC 
method. The mean plasma concentrations at  various sampling times are 
plotted on a log-linear scale in Fig. 4. The first sample, 3 hr after the dose, 
had the highest concentration, 3 pglml; the decrease in plasma concen- 
trations between 6 and 12 hr followed a monoexponential decline with 
an estimated plasma t 112 of 4 hr. These results indicate that the method 
is capable of monitoring plasma I levels in the rat at low doses. 


DISCUSSION 


The results demonstrate that the reversed-phase column is effective 
in the determination of I, a highly lipophilic compound, in human and 
rat plasma. The lipophilicity of I provides the strong affinity for the liquid 
phase, and the drug is eluted with a large elution volume. Most of the 
endogenous material or metabolites of I carried over in the extraction are 
relatively less lipophilic than I, so a clean separation is obtained. A minor 
interference from rat plasma extract (equivalent to 0.02 pg/ml) was 
present and was routinely corrected. 


The low limit of sensitivity is 0.2 Kglrnl with a 2-ml plasma sample; if 
needed, the sensitivity can be improved by measuring I at 300 nm instead 
of 254 nm. At 300 nm, the response of I is 130% of that at 254 nm. In the 
present procedure, the residue from the extraction of low concentration 
samples is dissolved in 40 pl of acetonitrile, and only 10 a1 is injected into 
the chromatograph. Injecting a larger aliquot of the sample should im- 
prove the sensitivity. 


Both the accuracy and precision of this method are very good. The 
precision, expressed by the relative standard deviation, is 3% or less a t  
0.6, 1.5, and 3.0 pg/ml; a t  the same concentration levels, the accuracy, 
expressed by the relative error, is 4, 0.3, and -3%, respectively. The 
precision is further documented by the small relative standard deviation 
at  various concentration levels from the pooled standard curves in hu- 
mans and rats. Since this analytical method is intended for samples from 
biological experiments, these levels of precision and accuracy are more 
than adequate. 


For 30 samples, including six standards, the total extraction and 
analysis time was 10 hr. About 1000 human and rat plasma samples were 
analyzed by this method over 6 months. About 10% of these samples were 
subjected to replicate analysis, and duplicate analyses were rarely dif- 
ferent by more than 10%. 
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Equilibrium Reaction of 
Pyrazolodiazepinones in Aqueous Solution 


W. H. HONG, C. JOHNSTON, and D. SZULCZEWSKI" 


Abstract 0 This study of the behavior of some pyrazolodiazepinones 
in aqueous solution at  near ambient temperature indicated that they form 
stable equilibrium mixtures consisting of ring and opened forms. Under 
isothermal conditions, mixtures are produced whose composition is de- 
pendent on pH and may vary from that corresponding to essentially 
complete ring opening to complete closure. Ring closure equilibrium 
constants were calculated, and the influence of methyl substitution was 
determined. Substitution of a methyl group for an amido hydrogen in 
the open form results in a fivefold increase in this constant. Methylation 
of the terminal amino group, however, did not cause a corresponding 
increase and may not significantly affect equilibrium. 


Keyphrases 0 Pyrazolodiazepinones, various-equilibrium reaction 
in aqueous solution, effect of pH and methyl substitution 0 Equilib- 
rium-various pyrazolodiazepinones in aqueous solution, effect of pH 
and methyl substitution n Structure-activity relationships-various 
pyrazolodiazepinones, equilibrium reaction in aqueous solution, effect 
of pH and methyl substitution 


1-Ethyl - 4,6 - dihydro-3-methyl-8-phenylpyrazolo[4,3- 
e][1,4]diazepin-5(1H)-one (Ia) (ripazepam) is an investi- 
gational new drug of the diazepinone class being evaluated 
for clinical utility (1-3). This pyrazolodiazepinone, in 
contrast to 1,4-benzodiazepinones, is easily hydrolyzed to 
yield the open chain compound 4-(2-aminoacetamido)- 
5-benzoyl-1-ethyl-3-methylpyrazole ( H a )  (1). 


Reports concerning hydrolysis or stability of benzodi- 
azepinones (4-8) indicate that the open form in this series 
is usually unstable under the conditions required to hy- 
drolyze the diazepinone ring, so it does not permanently 
accumulate. In addition to the ease of hydrolysis, other 
characteristics associated with the reaction of the pyra- 
zolodiazepinones in aqueous solution are sufficiently dif- 
ferent from those of the benzodiazepinones to warrant 
further study. 


EXPERIMENTAL 


Reagents-All chemicals used to prepare 0.1 and 0.05 M acetate, ci- 
trate, phosphate, and borate buffers of known pH values were reagent 
grade and were used without further purification. Hydrochloric acid 
solutions were prepared from prestandardized volumetric solutions'. The 
solvents for equilibrium studies, including hydrochloric acid solutions 
and various buffers, were adjusted to an ionic strength of 0.3 with po- 
tassium chloride. 


Compound Ia was from an experimental batch2 with a purity of 99.75% 
uia differential scanning calorimetric analysis. 4-(2-Aminoacetamido)- 
~-benzoyl-l-ethyl-3-methylpyrazole (IIa) dihydrochloride and l-ethyl- 
4,6- dihydro -3,4- dirnethyl-8-phenylpyrazolo[4,3-e][1,4]diazepin- 
5(1H)-one (Va)  were used as received3. 


Synthesis of 4-[2-(Methylamino)acetamido]-5-benzoyl-l-ethyl- 
3-methylpyrazole Hydrochloride (VI1c)-To a solution of Ia, 10 g 
in 100 ml of dichloromethane, 8 g of methyl fluorosulfonate was added 
dropwise over 5 min with stirring. The reaction mixture was allowed to 
stir for another 2 hr and was then poured into 1 liter of ether with stirring. 
The yellow precipitate was collected, rinsed with ether, and dissolved in 
160 ml of water. The resulting solution was washed with 3 X 30-ml por- 
tions of chloroform, and the washings were discarded. The aqueous layer 
was adjusted to pH 8 to obtain optimal turbidity with sodium hydroxide 
solution and subsequently extracted with 5 x 30-ml portions of chloro- 
form. 


The combined chloroform extract was dried over anhydrous sodium 
sulfate and filtered. Then dried hydrochloric acid gas was introduced into 
the chloroform solution until the turbidity was no longer increased. The 
solvent was removed in UQCUO using a flash evaporator. The residue thus 
obtained was recrystallized several times from acetonitrile to afford fine 
white needles, mp 187-188' dec., in a yield of 6.8 g (54%); UV (methanol): 


Anal.-Calc. for C I ~ H ~ ~ C I N ~ O ~ :  C, 57.05; H, 6.28; C1,10.53; N, 16.64. 
Found: C, 57.27; H, 6.21; C1, 10.57; N, 16.65. 


Determination of Methylation Site in VIIa-One gram of VIIc in 


z2:,x.5 = 1.23 x 104.  


1 Acculute standard volumetric solution, Anachemia Chemicals Ltd. 


:% Dr. H. DeWald, Chemistry Department, Parke, Davis & Co. 
RxX Lot 41201. 
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High-speed Liquid Chromatographic Determination of 
Pilocarpine in Pharmaceutical Dosage Forms 


S. K. WAHBA KHALIL 


Abstract 0 A specific method for the direct determination of pilocarpine 
in aqueous pharmaceuticals in the presence of decomposition products, 
methylcellulose, and other ingredients usually present in pharmaceuticals 
is described. The method involves separation by high-speed liquid 
chromatography using, in series, octadecylsilane bonded to silica and 
cyanopropylsilane bonded to silica columns and a tetrahydrofuran-pH 
9.2 borate buffer (37) eluant. Quantitation is achieved by monitoring the 
absorbance of the effluent a t  254 nm and using a pyridine internal stan- 
dard and a calibration curve prepared from known concentrations of 
pilocarpine ,nitrate. The reproducibility of the retention time and peak 
area was better than 2.0%. 


Keyphrases 0 Pilocarpine-high-speed liquid chromatographic anal- 
ysis, pharmaceutical preparations High-speed liquid chromatogra- 
phy-analysis, pilocarpine in pharmaceutical preparations Ophthalmic 
cholinergics-pilocarpine, high-speed liquid chromatographic analysis, 
pharmaceutical preparations 


Many methods for estimating pilocarpine and its salts 
are available. Several are based on the titration of the ex- 
tracted base with standard acid, with bromphenol blue 
(1-3), methyl red (4, 5), methyl orange (6) ,  or dimethyl 
yellow (7) as the indicator. Several gravimetric (8-lo), 
colorimetric (ll), and iodometric (12) methods were de- 
veloped. Recently, a GLC method using electron-capture 
detection was employed (13). 


The USP XIX monographs for pilocarpine hydrochlo- 
ride (14) and pilocarpine nitrate (15) incorporate a non- 
aqueous titration. However, the*monographs on pilocar- 
pine hydrochloride ophthalmic solution (15) and pilocar- 
pine nitrate ophthalmic solution (16) require an extraction 
procedure, followed by colorimetric determination. Most 
of these methods lack the specificity and simplicity desired 
in routine analysis, especially in the presence of degrada- 
tion products and/or other ingredients. In addition, the 
extraction of pilocarpine base from pharmaceuticals fol- 


Table I-Calibration Data” for HSLC Pilocarpine Analysis 


Concentration Peak Area of Pilocarpine 
Added, mg/ml Peak Area of Standard 


5 0.141 f 0.0065* 
10 0.286 f 0.0104 ~. 


20 0.562 0.0084 
30 0.830 f 0.0080 


0 Average of 10 replicate injections. * Standard deviation. 


lowed by colorimetric determination leads to erroneous 
results’. 


Recently, high-speed liquid chromatography (HSLC) 
was used to analyze alkaloids (17,18). This paper describes 
an HSLC method that permits the quantitative determi- 
nation of pilocarpine in the presence of its degradation 
products and other chemicals commonly included with 
pilocarpine salts in pharmaceutical products. 


EXPERIMENTAL 


Apparatus-A high-speed liquid chromatograph* equipped with a 
pump3, a single-wavelength UV monitor (254 nm), and a liquid chro- 
matograph injector4 was used. 


Columns-An octadecylsilane bonded to silica5 column and a cya- 
nopropylsilane6 column were used in series. Both columns were 300-mm 
long X 4-mm i.d. stainless steel tubes. 


Reagents-Sodium borate, tetrahydrofuran, and pyridine were re- 
agent grades. Pilocarpine nitrate USP was used without further purifi- 
cation. 


1 U S .  Pharmacopeia, Drug Standards Division, personal communication. 
2 Model 202, Waters Associates. 
3 M-6000. 


5 pBondapak CIS, Waters Associates. 
6 pBondapak CN, Waters Associates. 


U6K Universal. 
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Table 11-Analysis and Recovery of Pilocarpine from 
Pharmaceutical Preparations by HSLC 


PreDaration 


Ophthalmic buffered 
solution 


Ophthalmic solution 
containing 
pilocarpine 
hydrochloride and 
hydroxypro yl 
met h y lcellurose 


ODhthalmic solution 


Amount 
Found, mg/ml 


Labeled Amount Before After 
Amount, Added, Addi- Addi- Recovery, 
mg/ml mg/ml tion tion % 


20 20 19.6 39.4 99.0 f 1.0“ 


10 20 10.3 20.2 99.5 f 0.5 


100 50 97.5 148.2 101.4 f 1.4 
containing 
pilocarpine 
hydrochloride and 
meth lcellulose 


containing 
pilocarpine nitrate, 
polyvinyl alcohol, 
chlorobutanol, and 
volatile oil 
constituents 


Ophthafmic solution 10 10 10.1 20.1 100.0 f 0.0 


Standard deviation. 


Mobile Phase-The mobile phase, consisting of 30% tetrahydrofuran 
and 70% pH 9.2 borate buffer, was degassed by applying a water aspirator 
vacuum for 1 hr. 


Internal Standard Solution-Pyridine, 50 p1/100 ml of water, was 
used. 


Standard Pilocarpine Nitrate Solution-A lO-g/100 ml pilocarpine 
nitrate aqueous solution was used. 


Conditions for Chromatographic Analysis-The degassed mobile 
phase was pumped through the columns a t  1.0 ml/min (3000-3500 psi) 
at ambient temperature until a stable baseline was obtained. 


Preparation of Standard Curve-Replicate lo-, 15-, and 20-g1 in- 
jections of pyridine-pilocarpine nitrate ( ~ 4 )  solutions were made using 
a 25-pl syringe7. The chromatograms were recordedsat a chart speed of 
5 mm/min. The output from the UV monitor a t  0.04 absorbance unit was 
fed into an electronic integrators where the peak areas were integrat- 
ed. 


Interferences-The possible interferences from hydroxypropyl 
methylcellulose and benzalkonium chloride were studied by adding 
different amounts to a standard pilocarpine nitrate solution and per- 
forming the analysis. 


The interference of decomposition products was studied also by ren- 
dering a sample of pilocarpine nitrate solution strongly alkaline with 
sodium hydroxide solution and refluxing for 30 min; the pH was adjusted 
to 7.0, the solution was diluted to volume, and the analysis was per- 
formed. 


Precision Samplin Corp , Baton Rouge, La. 
Perkin-Elmer mdel56.  . 


9 Hewlett-Packard model 3370 B with digital printout. 


Sample Preparation and Analysis-An aliquot of the pilocarpine 
preparation containing 0.5-1.0 g of pilocarpine as the free base was 
measured into a 10-ml volumetric flask, and 2 ml of the standard pyridine 
solution was added. Then 20 pl of the mixture was injected, and the 
amount of pilocarpine was calculated by comparison with a standard or 
the standard curve. 


RESULTS AND DISCUSSION 


The utilization of a mobile phase consisting of 30% tetrahydrofuran 
and 70% pH 9.2 borate buffer gave well-resolved, sharp peaks for pilo- 
carpine and pyridine, with retention times of 5.0 and 9.3 min, respectively. 
The use of the columns in series afforded a better separation, especially 
between pilocarpine and hydroxypropyl methylcellulose. The ratio of 
the area of the pilocarpine peak to the area of the internal standard 
(pyridine) was calculated (Table I). The data show excellent linearity and 
reproducibility. 


The method was applied to four pharmaceutical preparations con- 
taining pilocarpine salts to determine its suitability. These preparations 
were analyzed before and after the addition of known quantities of 
standard pilocarpine nitrate solution (Table 11). 


The proposed method allows for direct sampling from aqueous solu- 
tions of pilocarpine salts and eliminates the disadvantages of extraction. 
Hence, the method is suited for the routine quality control of pilocarpine 
salts in ophthalmic solutions. 
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Application of Proton and 13C-NMR Spectroscopy to 
Estimation of Diastereoisomer Ratio in Phenethicillin 


W. L. WILSON*X, H. W. AVDOVICH* 
D. W. HUGHES *, and G. W. BUCHAiAN * 


Abstract 0 A procedure for the determination of the diastereoisomer 
ratio in phenethicillin potassium and its formulations is described. The 
method utilizes analyses of PMR and 13C-NMR data. Assignments of 
13CC-chemical shifts in D- and L-phenethicillin potassium also are in- 
cluded. 


Keyphrases 0 Phenethicillin-proton and 13C-NMR spectral analysis 
of diastereoisomer ratio, bulk drug and commercial formulations 0 NMR 
spectroscopy, proton and 13C-analysis, diastereoisomer ratio of phen- 
ethicillin, bulk drug and commercial formulations 0 Diastereoisomers- 
phenethicillin, proton and ‘T-NMR spectral analysis of ratio, bulk drug 
and commercial formulations Antibacterials-phenethicillin, proton 
and W-NMR spectral analysis of diastereoisomer ratio, bulk drug and 
commercial formulations 


The semisynthetic penicillin, phenethicillin potassium 
(I), is prepared by N-acylation of 6-aminopenicillanic acid 
with racemic a-phenoxypropionyl chloride (1). This con- 
densation introduces another center of asymmetry into the 
molecule, and the resulting two diastereoisomers have 
different physical properties. The isomer composition of 
the product varies depending upon the solvent extraction 
and crystallization procedures. The two isomers show 
differences in their antibacterial spectra, thereby placing 
certain limitations on the interpretation of results of mi- 
crobiological assay but also indicating that products from 
different manufacturers may vary in antibiotic effective- 
ness. 


The L-phenethicillin potassium content of phenethi- 
cillin potassium NF is determined in the “Code of Federal 
Regulations” (2) by a microbiological assay. Limits of be- 
tween 55 and 75% of this more active L-isomer are speci- 
fied. The BP (3) allows optical rotation limits of [ a ] ~  +215 
to +240°, corresponding to isomer compositions of 100- 
34% of the L-isomer. This optical rotation measurement, 
however, sums the effect at  all five asymmetric centers and 
is not as precise, although it is less tedious, than the mi- 
crobiological procedure. In addition, none of the phar- 
macopeias specifies tests for monitoring this isomer ratio 
in pharmaceutical dosage forms, a control that would be 
useful from a regulatory standpoint. 


In an earlier publication (4) on the NMR spectra of 
penicillins and cephalosporins, differences in the splitting 
patterns of the @-lactam protons in the D- and L-isomers 
of phenethicillin were noted. Since the area or intensity of 
an absorption band in an NMR spectrum is directly pro- 
portional to the number of nuclei that absorb energy at  
that particular frequency, an NMR assay should be pos- 


sible provided that at least one resonance band from each 
component of a mixture is free from extensive overlap by 
other absorptions. Therefore, the applicability of proton 
(PMR) and 13C- (CMR) magnetic resonance spectroscopy 
as a means of monitoring this isomer ratio was exam- 
ined. 


EXPERIMENTAL 


Materials-Potassium 6-[~-(+)-a-phenoxypropionamido]penicil- 
lanate and potassium 6-[D-(+)-a-phenoxypropionamido]penicillinate 
were FDA reference standards. A sample of DL-phenethicillin potassium’ 
contained 100% of the calculated amount of C17H19KN205S with refer- 
ence to the dried substance when determined by iodometric assay and 
had a microbiological potency of 880 pglmg. The L-isomer content of this 
material as determined by the Code of Federal Regulations method (2) 
was 55.6%; by the BP (3) optical rotation method, it was 55.2%. A value 
of 55% was assigned to this material, which was used as a working stan- 
dard. Phenethicillin potassium tablets were obtained locally. 


Synthetic mixtures of varying L-isomer content were prepared by 
adding known amounts of the pure D- and L-isomers to a weighed amount 
of the DL-phenethicillin working standard. This approach was necessary 
because of the limited quantities of pure isomers available. 


Sample Preparation-Powders-An amount of powder equivalent 
to about 50 mg of phenethicillin potassium was dissolved in 0.50 ml of 
deuterium oxide (99.8% D minimum isotopic purity) in a small glass vial. 
The solution was agitated for about 1 min and then transferred to a 5-mm 
diameter NMR tube. 


Tablets-After grinding in a mortar and pestle, a weighed portion of 
the powder equivalent to about 250 mg of phenethicillin potassium was 
placed in a 15-ml centrifuge tube, and 2.5 ml of deuterium oxide was 
added. After mixing, the sample was centrifuged. Then 0.50 ml of the 
supernate was transferred to a 5-mm diameter NMR tube. 


PMR-Spectra were recorded on a 60-MHz NMR spectrometer2 at 
ambient probe temperature (40 f 2’) using a sweep width of 500 Hz and 
a 250-sec sweep time. For quantitative purposes, the portion of the 
spectrum between 5 and 6 ppm (&lactam protons) was rerecorded at  a 
sweep width of 250 Hz and carefully integrated five times. A radio fre- 
quency power of 0.25 milligauss (normal dial setting) gave maximum 
integral amplitude and was used for integrations. Tetramethylsilane in 
deuterochloroform was the external reference. Chemical shifts were 
measured in parts per million downfield from tetramethylsilane. 


The percent of L-phenethicillin in a sample was calculated by dividing 
the peak areas attributed to the AB quartet of L-phenethicillin by the 
total integral value (combination of D- and L-phenethicillins). 


CMR-Spectra were recorded on a 25.2-MHz spectrometel.3. 
The “standard condition” spectra were recorded using a 5000-Hz sweep 


width, 8192 data points, a pulse angle of 60’ (20-psec pulse duration), and 
a pulse interval of 1 sec. Good quality spectra were obtained from samples 
of 50 mg/0.50 ml with about 20,000 transients (approximately 5-hr ac- 
cumulation time). To remove the effects of 13C-H coupling, complete 
noise decoupling conditions were used. For integration, the area near 6 
32 ppm was expanded to a width of 200 Hz and was electronically inte- 
grated five times. 


Peak height ratios were determined from the 2-&methyl resonances 
on the standard condition spectra. Probe temperature was 32’, and the 
deuterium of the solvent was employed for a field-frequency lock. 
Chemical shifts quoted are in parts per million downfield from tetra- 
methylsilane; a methanol capillary served as an internal reference 
point. 


1 Courtesy of Bristol Laboratories of Canada. 
2 Varian A-60A. 
3 Varian XL-100-12. I 
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PARTS PER MILLION (6) 


Figure I-PMR spectrum of L-phenethicillin potassium in deuterium oxide. 


The TI relaxation experiments, employing the kinetically inert para- 
magnetic metal complex tris(acetylacetonato)chromium, were conducted 
in the presence of 2 X molar equivalents of the relaxation reagent. 
In the gated decoupling experiments, the *H-decoupler was "gated on" 
only during data acquisition periods, which were typically 0.5 sec. For 
the off-resonance decoupling experiments, the proton decoupling fre- 
quency was offset by 500 Hz from its optimum value. The selective de- 
coupling experiments were conducted using low decoupler power in the 
absence of noise modulation. 


RESULTS AND DISCUSSION 


PMR-The PMR spectra of penicillins would be expected to have a 
characteristic single proton doublet arising from the C-5 hydrogen and 
a single proton doublet of doublets at the lower field for hydrogen at C-6. 
In spectra obtained from deuterium oxide solutions, these P-lactam 
proton signals should appear as an AB quartet (5). 


Figure 1 illustrates the PMR spectrum of L-phenethicillin with the 
expected AB splitting pattern for the @-lactam proton signals (Jb,6 = 4 
Hz; u5 = 5.4 and Vg = 5.6 ppm). The assignments of the other resonances 
were reported earlier (4). In the PMR spectrum of D-phenethicillin (Fig. 
21, these @-lactam protons appeared as a singlet a t  5.5 ppm. The 8-lactam 
protons of ampicillin sodium also have given a two-proton singlet in 
deuterium oxide, possibly due to accidental equivalence of chemical shifts 
(6). 


These spectra were recorded using a concentration of approximately 
100 mg/ml. Under more dilute conditions (<60 mg/ml), broadening of 
the singlet in D-phenethicillin occurred, indicating that it too was splitting 
into an AB pattern. 


The PMR spectrum of a typical sample of DL-phenethicillin is shown 
in Fig. 3. The @-lactam region was expanded and integrated (Fig. 3, inset). 
PMR spectra of mixtures containing varying amounts of D- and L- 
phenethicillins as well as commercial bulk drug powder and tablet for- 
mulations were analyzed by this method, and the percentage of the L- 
isomer was calculated from an average of five integrations. The results 
(Table I) indicated that the accuracy of this PMR quantitative method 
decreased as the proportion of D- and L-isomers deviated from a near 
equal mixture. As the relative amount of the L-isomer increased, the 
method led to an underestimation of its content. However, excellent 
correlation with calculated values was obtained in the region normally 
expected with commercial samples, i.e., 55-75% L-isomer. Sample 9 
(Table I) illustrates that results can also be obtained directly from tablets, 
which is particularly useful from a quality control and regulatory 
standpoint. 


The high precision of this PMR assay method is indicated by the 
standard deviation and coefficient of variation of 0.6 and 1.1%, respec- 
tively, found for Sample 9 (Table I) when two separate determinations 
were each integrated five times. Because of broadening of the @-lactam 
proton signal in D-phenethicillin with dilute solutions (as mentioned 
previously) and the need for concentrated solutions to obtain large and, 


Table I-Percent L-Phenethicillin Potassium Content by PMR and CMR Assay Methods 


L-Phenethicillin Potassium, % 
By CMR 


Sample Actual" By PMR htegration Peak Height 


1. Synthetic mixture 87 - 85.8 (2~0.9)~  83 - 2. Synthetic mixture 78 73.3 (f0.7) - 
3. Synthetic mixture 64 63.5 (f0.6) - 
4. Working standard 55d.e 55.2 (f0.7) 57.0 (f0.6) 54 
5. Synthetic mixture 53 53.8 ( f O . l )  - 
6. Synthetic mixture 44 48.7 (f0.3) - 


7. Synthetic mixture 28 - 25.6 (f0.2) 27 
8. Tablet 64 63.7 (f0.6) - 
9. Tablet 55d 57.6 (f0.6, l.l%)f 54.9 (f0.2) 54 


- 


- 
- 


- 


a Calculated for synthetic mixtures by adding known amounts of pure D- and L-isomers to working standard. Average of five integrations. c Standard deviation from 
Value from optical rotation assay. Standard deviation and coefficient of variation from five five integrations of one weighing. 


integrations of each of two weighings. 
Value from microbiological assay. 
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Figure 2-PMR spectrum of D-phenethicillin potassium in deuterium 


therefore, more precise integrals, DL-phenethicillin potassium concen- 
trations of 80-120 mg/ml were optimum for reproducible and precise 
quantitative results. Higher concentrations led to ill-defined separation 
of the AB quartet because of the concentration dependence of the 
chemical shift of protons at  C-5 and C-6 (7). 


CMR-The variation in carbon shieldings in neutral organic com- 
pounds is approximately 20-fold greater than that of protons, i.e., ap- 
proximately 200 ppm. These 13C-shifts are also sensitive to steric, con- 
formational, and electronic changes in a molecule. Because of the greater 


oxide. 


peak resolution of CMR, its application to this phenethicillin diaste- 
reoisomer study also was investigated. The CMR spectrum of DL-phen- 
ethicillin potassium is illustrated in Fig. 4. Since peaks were not assigned 
previously, they are listed in Table 11. 


Spectra of pure D- and pure L-phenethicillin potassium salts were re- 
corded, which greatly facilitated the assignments for the diastereoiso- 
meric mixture. To date, the only CMR data available for related systems 
are those for the methyl- and phenoxymethylpenicillins (8). Only as- 
signment procedures for the L-isomer will be discussed, since completely 


I " " " " ' I " ' ~  "" I " " " " ' / " " " " ' /  
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Figure 3-PMR spectrum of commercial DL-phenethicillin potassium in deuterium oxide. Inset shows the p-lactam proton resonances recorded 
with a 250-Hz sweep width. Peaks labeled D and L refer to @-lactam protons of D- and L-phenethicillins, respectively. 
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Figure 4-CMR spectrum of commercial DL-phenethicillin potassium in deuterium oxide. Inset shows the 2-@-methyl carbon of D- and L-phen- 
ethicillins recorded with a 200-Hz sweep width. 


analogous techniques were used for the D-spectrum. 
Initially, nonprotonated carbons were identified by their retention of 


singlet structure in the off-resonance decoupling experiment (9), whereas 
CH and CH3 carbons yielded quartets and doublets, respectively. The 
three high field (lowest 6) resonances were due to the methyl groups, with 
that designated as C-11 being most shielded at 6 19.6 ppm. The 2-a and 
2-fi-methyl carbons were less shielded, which was consistent with their 
gem-dimethyl character. The 2-a group, being cis to the C02- K+ func- 
tion, appeared 4.8 ppm upfield from its 2-&counterpart. This shielding 
phenomenon at  the 2-a-position presumably resulted from the y steric 
interaction (10) between this function and the carboxylate moiety. The 
shift difference between signals from the epimeric methyls was very 
similar to that found in phenoxymethylpenicillin (8), although a strict 
comparison was not possible since the present data were recorded in 
deuterium oxide solutions as opposed to dimethyl sulfoxide-d6 in the 
earlier work (8). 


The C-2 resonance at 6 65.8 was similar to the C-2 of phenoxymethyl- 
penicillin (6 64.0). Distinction between the CH resonances at  6 74.3 and 
75.1 was accomplished using selective 1H-decoupling, since the corre- 
sponding proton shifts were known. Accordingly, C-3 was associated with 
the resonance at 6 74.3, and (2-10 was associated with the 6 75.1 absorp- 
tion. For the lactam ring carbons C-5 and C-6, phenoxymethylpenicillin 
again was a useful model compound, since the C-5 and C-6 resonances 
were at  6 67.4 and 58.4 ppm, respectively (8). 


Assignment of the aromatic ring carbons C-12 to C-17 was straight- 
forward, since it is well known that conjugative electron release by the 
ethereal oxygen shields the ortho- and para-carbons relative to the 


Table 11-W-Shift Assignments for D- and L-Phenethicillin 
Potassium in Parts per Million Downfield from 
Tetramethylsilane 


L-Isomer Assignment D-Isomer 


175.8 
175.4 
175.9 
157.7 
131.3 
123.7 
116.7 
75.1 
74.3 


C7,9,18 
C79,lS 
c7,9,18 


c14,16 
cl5 
c13,17 


ClZ 


ClO 
C1 


67.8 c, 
65.8 c2 
59.2 c6 
32.4 2-8-CH3 
27.6 2-a-CH2 


175.7 
175.4 (2) 


157.8 
131.3 
123.7 
116.8 
75.3 
74.5 
67.7 
65.7 
58.7 
31.8 
27.7 


- 


19.6 c11 19.7 


meta-position in anisoles and diphenyl ethers (11). Finally, the three 
carbonyl carbons were the most deshielded; however, unambiguous as- 
signments were not possible. 


For quantitative analysis of the diastereoisomeric mixtures, the 2-p- 
methyl resonances proved to be most useful since the chemical shift 
difference between them was the largest (0.6 ppm) and was essentially 
independent of the ratio of D- and L-phenethicillin potassium salts 
present in solution. In I3C-Fourier transform NMR spectroscopy (12), 
great care must be taken in quantitative interpretation of data due to 
possible differences in spin lattice relaxation time (TI'S) and nuclear 
Overhauser enhancements between carbons of interest. In this study, the 
ratios of D- to L-forms as determined from two types of experiments were 
compared to verify that valid quantitative measurements were made. 


Initially, the relaxation reagent tris(acety1acetonato)chromium (13) 
was used; no change was noted in the relative intensity of the 2-&methyl 
resonances as compared to the standard condition spectrum, indicating 
that similar Overhauser enhancements and TI'S existed for the diaste- 
reomeric 2-@-methyl resonances. Subsequently, spectra were recorded 
using a gated decoupling technique (14), and again no alteration in the 
relative intensities of these resonances was noted. This result verified 
that essentially identical Overhauser enhancements operate for the di- 
astereomeric 2-p-methyl resonances. 


These experiments support the claim that the quantitative assessments 
are valid, and the close agreement between the CMR findings and the 
results from other techniques substantiates this claim. The CMR method 
is as accurate and as precise as the PMR assay but over a wider range of 
D to L ratios (Table I). Peak height measurement can be used instead 
without sacrificing accuracy. If more concentrated samples are used in 
the analysis, data accumulation time by the CMR method can be further 
reduced, giving reliable spectra within 2 hr. 
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Parameter for Assessing Parenteral Cleanliness 
Based on Particle-Size Distributions 


JAMES BLANCHARDq JOHN A. SCHWARTZ, and DALE M. BYRNE * 


Abstract 0 A new parameter for assessing the particulate matter content 
of large-volume parenteral solutions was developed and tested. Some 
problems and shortcomings associated with previously proposed stan- 
dards are discussed, together with the potential advantages of employing 
the proposed parameter. Cleanliness factors were compared with another 
parameter and were less susceptible to changes resulting from the method 
of measurement utilized and the premeasurement conditions encountered 
by the solution. The use of these cleanliness factors in conjunction with 
an automatic particle counter is proposed as a worthwhile supplement 
to the USP-NF standard for monitoring the quality of large-volume 
parenteral solutions. 


Keyphrases 0 Particle-size distributions-characterized in large-vol- 
ume parenteral solutions, cleanliness factor developed 0 Parenterals, 
large volume-particle-size distributions characterized, cleanliness factor 
developed 0 Dosage forms-large-volume parenterals, particle-size 
distributions characterized, cleanliness factor developed 


Particulate matter is defined as “extraneous, mobile, 
undissolved substances other than gas bubbles, uninten- 
tionally present in parenteral solutions” (1) and has been 
long recognized as a problem. Recently, official standards 
specified the allowable levels of particulate contamination 
(La. 


TO aid in the evaluation of the cleanliness1 of a paren- 
teral solution, an auxiliary parameter that would describe 
accurately the contamination level is needed. Several de- 
sirable characteristics of this parameter were described 
previously (3,4); it should provide a true measurement of 
particulate cleanliness that is not affected by the pre- 
measurement handling conditions, and it should indicate 
the correct degree of particulate cleanliness using various 
instrumental techniques. The method also should be rapid, 
nondestructive, nonsubjective, simple, inexpensive, easy 
to standardize, and, preferably, not require the use of a 
clean room. 


The present study was undertaken to develop such a 
parameter for the objective assessment of the relative 
particulate cleanliness of parenteral solutions. 


1 Throughout this article, the term “cleanliness” is used to denote the level of 
particulate matter. 


BACKGROUND 


Single-Point Standards-One early standard was proposed in 1966 
(5). The initial proposal was revised and formed the basis of the first 
provisional Australian standard (6), which stated that a parenteral so- 
lution should not contain more than 250 particledm1 exceeding 3.5 pm 
in diameter. In the same year, another suggested single-point standard 
stated that a parenteral solution should not contain more than 50 parti- 
cles/ml exceeding 5 pm in diameter (7). 


Single-point standards are validly subject to criticism on the basis that 
the particles counted exceeding a given diameter are not necessarily in- 
dicative of the number of particles exceeding another diameter. Single- 
point standards were based on the observation that log-log plots of N>D 
(the particle concentration exceeding the diameter, D )  uersus D (the 
particle diameter) were essentially linear and parallel to one another 
among the individual solutions examined (5). However the slopes of the 
log-log plots vary among individual solutions2 (6,8), thereby invalidating 
the use of single-point standards. 


Multiple-Point Standards-Recent attempts to establish standards 
focused on multiple-point determinations. As Kendall (9) noted, a 
standard should ideally be based upon the determination of the parti- 
cle-size distribution over a broad size range. This consideration formed 
the basis for an Australian standard proposed in 1966 (5), which limited 
the allowable levels of particles exceeding four particle diameters. This 
and other recently proposed multiple-point standards are shown in Table 
I. 


Multiple-point standards (as well as single-point standards) can be 
criticized on the grounds that the particle-size distribution may vary with 
the degree of agitation to which the solution is subjected (8,lO-12). An- 
other potential criticism is that the measurement of particle concentra- 
tions may not be obtainable using a single technique (i.e., instrumental, 
microscopic, etc.). If the particle diameters specified in the standard 
require measurement by more than one technique, the counts provided 
by each technique would have to correlate extremely well with one an- 
other. Besides introducing unnecessary uncertainty, this requirement 
would necessitate proficiency in more than one technique. 


The USP-NF standard (Table I) suggests the use of a membrane fil- 
tration and microscopic examination technique. In a practical sense, it 
is only suitable for counting particles larger than 10 pm in diameter (3, 
6). The Australian and British Pharmacopoeia standards do not prescribe 
a specific measuring technique. However, an electrical resistance counter 
or a light-scattering or light-blocking device is required, since these 
standards specify the counting of particles smaller than 10 fim in diam- 
eter. A recent version of the Australian standard (Table I), soon to become 
effective3, specifies the use of an instrumental particle counter operating 


2 J. Blanchard, J. A. Schwartz, and D. M. Byrne, J. Pharm. Sci.,  in press. 
3 C. E. Kendall, National Biological Standards Laboratory, Canberra, Australia, 


personal communication. 
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Photosensitization by Drugs 


DOUGLAS E. MOORE 


Abstract 0 UV irradiation (365 nm) of air-saturated methanol solutions 
of 20 drugs absorbing in the 300-400-nm region gave rise to oxygen up- 
take, as determined with a polarographic oxygen electrode. The drugs 
were tested for photosensitizing capability by either a Type I (free radical) 
or a Type I1 (singlet molecular oxygen) mechanism. This testing was done 
by the inclusion of either acrylamide or 2,5-dimethylfuran in the irradi- 
ated drug solution, with observation of the subsequent polymerization 
or oxidation, respectively. Phenothiazine and thiazide derivatives appear 
capable of photosensitization by both mechanisms; promethazine, tri- 
fluoperazine, and furosemide show relatively high reactivity. Diazepam 
(weak), hexachlorophene, aminacrine, pyrilamine, tetracycline, deme- 
clocycline, quinine, and anthracene (strong) react only by a Type I1 
mechanism, with a photosensitizing efficiency increasing in the order 
given. A correlation appears to exist with reports of in uiuo photosensi- 
tivity. 


Keyphrases 0 Photosensitization-various drugs irradiated, poly- 
merization of acrylamide determined by dilatometry or oxidation of 
2,5-dimethylfuran determined using polarographic oxygen electrode 
UV irradiation-effect on various drugs, polymerization of acrylamide 
determined by dilatometry or oxidation of 2,ki-dirnethylfuran determined 
by polarographic oxygen electrode Polarography-oxygen electrode 
used to determine oxidation of 2,5-dimethylfuran by various drugs after 
UV irradiation 0 Oxygen uptake-various drugs after UV irradiation, 
oxidation of 2,5-dimethylfuran determined using polarographic oxygen 
electrode 


Certain drugs and chemicals increase the sensitivity of 
the skin to solar radiation (1, 2). While it is possible to 
avoid such side effects with the appropriate topical sun- 
screens or even by systemic treatment (3), a photochemical 
basis is needed from which to classify a drug as a potential 
photosensitizer. 


The mechanism of the adverse reaction is believed to be 
initiated by the photosensitized oxidation of skin compo- 
nents, with the drug functioning as the photosensitizing 
agent. Implicated in this process are drugs with significant 
light absorption in that portion of the solar spectrum 
reaching the earth's surface (280-800 nm). Window glass, 
opaque to radiation below about 310 nm, is said to afford 
protection from the photosensitizing effects of several 
drugs (2). 


The mechanisms by which photooxidation may occur 
were classified as follows (4). Type I is a free radical chain 
process generally termed autoxidation. Type I1 involves 
excited singlet molecular oxygen and is termed oxygen- 
ation. Recently, the tetracyclines, with absorption maxima 
around 370 nm, were shown (5) to act as photosensitizers 
by a Type I1 mechanism. Chlorpromazine, however, on 
irradiation (61, produced free radicals as well as singlet 
molecular oxygen, thereby implying both Type I and I1 
mechanisms of photooxidation. The Type I and I1 mech- 
anisms may relate to the photoallergic and phototoxic ef- 
fects of a photosensitizing drug, respectively (6). 


The present investigation examined the effects of UV 
irradiation on compounds with light absorption in the 
300-400-nm region. Included were some phenothiazine 
and thiazide derivatives reported to have photosensitizing 
effects in humans. All irradiations were performed using 
a glass filter to restrict the incident light to wavelengths 


above 310 nm. Two substrates were employed to enable 
classification of the mechanism of a drug's participation, 
if any, in photooxidations. The substrates were 2,5-di- 
methylfuran, an efficient acceptor for singlet oxygen (7), 
and acrylamide, an effective free radical scavenger thereby 
undergoing polymerization (8). 


EXPERIMENTAL 


Apparatus-The experimental design was based on the polarographic 
oxygen electrode and irradiation apparatus used successfully to measure 
oxygen uptake in both the Type I photooxidation of benzaldehyde (9) 
and the Type I1 photooxidation of the tetracyclines (5). The cylindrical 
reaction vessel (30-ml volume) was constructed' of spectroscopic grade 
silica with plane parallel faces 38 mm in diameter and 20 mm apart. Two 
standard taper joints carried the oxygen electrode2 and a belt-driven 
stirrer for oxygen uptake measurements. 


For free radical polymerization measurements, the reaction vessel was 
converted into a dilatometer by fitting a glass stopper and a 100-mm 
length of 0.4-mm bore capillary glass tubing to the standard taper 
joints. 


A glass filter3 with 28% transmittance a t  365 nm and an overall trans- 
mission range of 310-420 nm and a screen with a 35-mm diameter aper- 
ture were positioned between the reaction vessel and the irradiation 
source4. The whole apparatus was immersed in a thermostat a t  30.0 f 
0.05'. 


Materials-2,5-Dimethylfuran5 was purified immediately before 
solution preparation by twice distilling at  room temperature at a pressure 
of mm Hg on an all-glass high vacuum line. Acrylamide6 was twice 
recrystallized from distilled chloroform and dried under vacuum (mp 
85'). Only when these purification procedures were adopted did the 
control irradiations of solutions not containing potential sensitizers show 
negligible reaction. 


The drugs tested for photosensitizing ability (Tables 1-111) were the 
purest grades available commercially. All irradiations were performed 
in solution in analytical reagent grade methanol7. In this solvent, the 
photochemistry is simpler than in aqueous solution. 


Procedures-Three situations were studied for each drug. 
Irradiation of Drug Alone-In this procedure, 1 ml of freshly prepared 


drug solution (2-8 mM in methanol) was added to 50 ml of air-saturated 
methanol a t  30'. The mixture was quickly transferred to the reaction 
vessel, and the oxygen uptake was measured after irradiation as pre- 
viously described (9). The absorption spectrum of the reaction mixture 
was recordeds both before and after irradiation. 


Irradiation of Drug plus 2,5-Dirnethylfuran-This procedure was 
identical with that for drug alone except that  50 ml of 2,5-dimethylfuran 
solution (0.0936 M) in methanol was used. 


Irradiation of Drug plus Acrylamide-A weighed quantity (10-20 mg) 
of drug was dissolved in 50 ml of methanol in a 250-ml round-bottom 
flask, modified by addition of a sidearm to the neck. Solid acrylamide 
(0.300 g) was weighed into the dry reaction vessel, which was then con- 
nected to the sidearm. The flask was then connected to a high-vacuum 
line, and the contents were deaerated by three freeze-pumpthaw cycles. 
After deaeration, the flask was tilted so that the drug solution flowed into 
the reaction vessel, dissolving the acrylamide. The reaction vessel was 
removed from the sidearm, and the dilatometer capillary was quickly 
inserted. The reaction vessel was then placed in its irradiation position 
in the thermostat, and the movement of the liquid level in the capillary 
was observed with a cathetometer. 


' Thermal Syndicate Ltd., Wallsend, England. 
Type E5046, Radiometer, Copenhagen, Denmark. 
Corning CS 7-37. 
Engelhard Hanovia 125-w medium pressure mercury lamp. 
Fluka AG, Switzerland. 
Eastman Kodak, Rochester, N.Y. 
Ajax Chemicals, Sydney, Australia. 
Varian Techtron model 635 UV-visible spectrophotometer 
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Table I-Photooxidation of Phenothiazine Derivatives 
Rate of Oxygen Uptake, 


pmoleslliterlmin 


Compound 
(1.28 X 


Absor- Com- 10-4 M )  
bance pound plus 


a t  Alone Dimethvl- 
A,,,, 365 (1.28 X furan 


Compound nm nm lO-*M) (0.0936M) 


Promethazine 303 0.008 2.7 16.2 
hvdrochloride 


Primazine 304 0.010 2.4 13.4 


Chlorpromazine 308 0.015 3.4 13.7 
hydrochloride 


hydrochloride 


zine maleate 


hydrochloride 


hydrochloride 


sulfoxide 
hydrochloride 


Prochlorpera- 312 0.030 3.0 25.1 


Trifluoperazine 313 0.072 5.9 44.7 


Thioridazine 315 0.018 4.3 16.9 


Chlorpromazine 342 0.012 2.5 8.4 


RESULTS AND DISCUSSION 


Photooxidation-The oxygen uptake rates measured for the UV- 
irradiated drug solutions in the absence and presence of dimethylfuran 
are recorded in Table I for phenothiazine derivatives, in Table I1 for 
thiazides and related compounds, and in Table I11 for miscellaneous 
compounds with absorption in the 300-400-nm region. Each value is the 
mean of a t  least three determinations with a maximum standard devia- 
tion of 5%. There was no dark reaction, and the oxygen uptake was linear 
with time, i.e., zero order, indicating that the absorption of light. was the 
rate-limiting factor in all cases except furosemide. 


To assess relative photosensitizing ability, the drug concentration was 
selected to give an absorbance of approximately 0.5 a t  its wavelength of 
maximum absorption, A,,,, in the 300-400-nm region. For most drugs, 
the A,,, corresponds to the least intense absorption and in some cases 
is only a shoulder (sh) on the principal absorption peak. Comparisons 
are perhaps more realistically based on the absorbance of the drug so- 
lution a t  365 nm, corresponding to the major irradiating wavelength. 


The output of the medium pressure mercury lamp is discontinuous, 
the relevant lines being at 303,313,334,365, and 405 nm with relative 
intensities of 23.9,50,9.3, 100, and 42, respectively (10). The presence 
of the glass filter means that the relative intensities incident on the re- 
action vessel are 0,4.8,5.3,100, and 10.2, respectively. Therefore, most 
drugs listed in Tables 1-111 experience only a relatively small amount of 
light of a wavelength near to their A,,,- However, for most, the absorption 
band is broad, meaning that the 313- and 334-nm light is absorbed and 
that there is some residual absorbance a t  365 nm (Tables 1-111). 


Phenothzazines-The phenothiazine derivatives react approximately 
in accordance with their absorbance a t  365 nm (Table I). The UV ab- 
sorption characteristics of these compounds are determined principally 
by the phenothiazine nucleus, with only minor effects due to the sub- 
stituents (11). Therefore, the mechanism of energy transfer through the 


Table  11-Photooxidation of Thiazides and Related Compounds 


Rate of Oxygen 
Uptake, pmoleshiterl 


min 


Com ound 


Concen- Absorb- Com- Dimethyl- 


Compound nm X lo4 M at 365 nm Alone (0.0936 M) 


done 


P P us 


A,,,, tration ance pound furan 


Chlorthali- 284 1.5 <0.002 0.4 1.4 


Hydrochloro- 318 1.32 0.006 0.9 5.0 
thiazide 


Chlorothiazide 280. 320 1.30 0.006 1.4 3.4 
(sh) 


Cyclopenthia- 318 1.44 0.002 1.4 10.5 
zide 


Furosemide 340 0.95 0.185 5.5 81.2 


Table  111-Photooxidation of Selected Compounds with UV 
Absorption in the 300-400-nm Region 


Rate of Oxygen 
Uptake, 
rmolesl - 


pound 


A,,,, tration a t  365 pound furan 


Diazepam 316 1.93 0.005 0 3.9 
Chlordiazepoxide 350 (sh) 1.90 0.335 1.8 2.0 


Absorb- plus 
Concen- ance Com- Dimethyl- 


Compound nm X 104M nm Alone (0.0936M) 


Pyrilamine 308 1.03 <0.002 1.1 4.8 
maleate 


phene (sh) 
Hexachloro- 300,317 1.30 0.006 0.6 2.7 


Quinine 335 0.84 0.003 7.8 38.8 
hydrochloride 


hydrochloride 


hydrochloride 


Tetracycline 362 0.40 0.528 0.5 10.9 


Demeclocycline 368 0.40 0.510 0.6 12.5 


Anthracene 340,357, 0.43 0.18 1.4 112.0 


Aminacrine 382 0.68 0.210 0.8 4.1 
377 


hvdrochloride 


excited singlet and triplet states is expected to be similar within the 
phenothiazine series. Close similarities were found in the transient species 
formed on flash photolysis of chlorpromazine and promazine (6). 


Chlorpromazine sulfoxide was identified as an oxidation product of 
chlorpromazine (12), yet it appears to be oxidized in proportion to its 
absorbance a t  365 nm. In aqueous solution. chlorpromazine and its 
sulfoxide degrade in the presence of oxygen and UV light below 365 nm 
to give apparently similar products (12). Furthermore, with extended 
periods of irradiation of aqueous chlorpromazine solutions, numerous 
products are found (13). While some of these may be secondary in nature, 
the sulfoxide clearly is an intermediate rather than the final product. 


Changes in the absorption spectrum of the irradiated phenothiazine 
were most marked with promethazine and prochlorperazine. Pro- 
methazine was the most reactive compound studied since the oxygen 
uptake rate (Table I) exceeded what might be expected from the ab- 
sorbance a t  365 nm. After 1 hr of irradiation of promethazine alone, the 
absorbance increased by 20% at the Amax and from 0.01 to 0.18 a t  342 nm, 
which could be indicative of sulfoxide formation. Furthermore, the so- 
lution developed a pink color, with a broad absorption centered on 506 
nm, a phenomenon not seen with the other phenothiazines. 


Prochlorperazine, on irradiation, showed the development of a broad 
shoulder a t  330 nm and the narrowing of the original peak a t  312 nm. 
Pending more study, including the analysis of transient species, no con- 
clusions can be made. Spectral changes occurred for promazine, chlor- 
promazine, thioridazine, and trifluoperazine but were minor in com- 
parison. The reaction of chlorpromazine sulfoxide could be followed by 
the decrease in absorbance at 342 nm. 


Thiazides-Chlorothiazide and hydrochlorothiazide are reported to 
be potent photosensitizers, yet in the system studied here they showed 
less reactivity than the phenothiazines. This result may have been due 
in part to lower ahsorbances a t  365 nm, although the results for cyclo- 
penthiazide do not support that  suggestion. 


Hydrochlorothiazide and cyclopenthiazide had clearly defined ab- 
sorption peaks a t  318 nm. Upon irradiation, the peak structure gradually 
submerged to become a shoulder on the major absorption centered on 
about 270 nm, thereby resembling the chlorothiazide spectrum. 


Chlorthalidone and furosemide, while not thiazides, were included 
because of similarities in their properties. Chlorthalidone had essentially 
zero absorbance above 300 nm, yet a very slight reactivity was observed. 
This.substance was strongly susceptible to the shorter wavelength UV 
light, so this result may represent a very small amount transmitted 
through the filter. 


Furosemide had a relatively high absorbance at 365 nm and a corre- 
sponding high photosensitizing capability. One unusual feature of the 
irradiation of furosemide alone was an initial rapid oxygen uptake, 
gradually decreasing to the steady value recorded in Table 11. The initial 
reaction may have been due to formation of free radicals which were 
rapidly scavenged by oxygen molecules. The steady rate may, in fact, 
correspond to a secondary reaction. The overall reaction also could be 
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Table IV-Photoinitiated Polymerization of Acrylamide 
Solutions Containing Phenothiazine and  Thiazide Derivatives 


Drug 


Promethazine hydrochloride 
Promazine hydrochloride 
Chlorpromazine hydrochloride 
Prochlorperazine maleate 
Trifluoperazine hydrochloride 
Thioridazine hydrochloride 
Hydrochlorothiazide 
Chlorothiazide 
Cyclopenthiazide 
Furosemide 


Dilatometer Contraction 
Rate, m m h r  


60 
40 
26 
38 
48 
19 
10 
9 


11 
28 


followed by the decrease in absorbance of the peak a t  340 nm. 
Other Compounds-Of the substances listed in Table 111, only quinine 


and anthracene showed a high photosensitizing ability. These compounds 
fluoresced strongly and also were able to transfer a considerable amount 
of energy to molecular oxygen. Aminacrine, also a strong fluorescer, was 
relatively inefficient as a photosensitizer. 


Diazepam was a very weak sensitizer in neutral methanol solution, 
while chlordiazepoxide did not appear to sensitize the photooxygenation 
of dimethylfuran. In acidified methanol solution, the absorption spectra 
of both diazepam and chlordiazepoxide changed dramatically and pho- 
tosensitization occurred, although it was complicated by acid-catalyzed 
hydrolysis. 


Results for the tetracyclines reported previously (5) were obtained with 
a different reaction vessel. The values in Table I11 for tetracycline and 
demeclocycline were redetermined so that these compounds could be 
compared more readily as photosensitizers. 


Other compounds tested in this system and found to have zero reac- 
tivity were warfarin sodium, dicumarol, and sodium aminosalicylate. 
Many more substances with absorption in the near UV region could be 
examined. One difficulty to overcome is the low solubility in the reaction 
system, although some heterogeneous techniques have been developed 
for such a situation (14). 


The conclusion to be drawn from the results in Tables 1-111 is that every 
compound listed except chlordiazepoxide appears capable to a greater 
or lesser extent of photosensitizing oxygenation of dimethylfuran by the 
Type I1 mechanism involving singlet molecular oxygen. This finding does 
not necessarily preclude the possibility of direct energy transfer between 
the sensitizer and dimethylfuran, a process that can occur at  these higher 
concentrations of the acceptor (15). 


Photopolymerization-The observation that many compounds ab- 
sorbed oxygen when irradiated in the absence of substrate is indicative 
of one or both of the following possibilities. Either (a) the drugs act as 
photosensitizers for their own oxygenation uia a singlet oxygen mecha- 
nism, the rate being small because of the relatively low concentration of 
drug in solution, or (b) the drugs, on irradiation, yield free radicals that  
are scavenged by oxygen molecules with a 1:1 stoichiometry. 


The generation of free radicals is well known in the phenothiazine 
derivatives (ll),  so these compounds served as references for comparison 
of other series. The measurement of oxygen uptake using an autoxidizable 
substrate such as benzyl alcohol or benzaldehyde is conveniently done 
in the apparatus but does not give an unambiguous indication of free 
radical formation because of the possible simultaneous occurrence of 
mechanism a or b. 


For these reasons, the monomeric substrate acrylamide was used in 
deaerated conditions as a detector of free radicals. All compounds (Tables 
1-111) were tested with acrylamide, and Table IV lists those that photo- 
sensitized the polymerization. The polymerization reaction was evident 
in two ways: by the appearance of turbidity in the reaction mixture due 
to the insolubility of polyacrylamide and by the contraction in volume 
of the reaction mixture observed in the dilatometer capillary. The tur- 
bidity meant that only initial rates could be measured from the initial 
linear portion of the contraction-time plot. No reaction was observed 
when the acrylamide solution was irradiated by itself. 


The fact that  molecules such as anthracene show a very high photo- 
sensitizing capability with dimethylfuran but are unreactive with 
acrylamide indicates that the photopolymerization system is a reasonable 
test of radical formation and not just energy transfer. 


The phenothiazines and thiazides are the only groups of drugs tested 
for which free radical formation appears to occur on irradiation. Within 
the phenothiazine series, promethazine and promazine displayed a re- 
activity out of proportion to their absorbance a t  365 nm. Davies et al. (6) 
suggested that irradiation of chlorpromazine promotes carbon-chlorine 
bond fission, as shown by titration of the free chloride ion formed in the 
solution. The high reactivity of promethazine and promazine, which do 
not contain chlorine in the 2-position, suggests that  other mechanisms 
of radical formation are possible. Further work, including an electron spin 
resonance study of the radicals, is required for clarification of the reaction 
mechanisms. 


CONCLUSIONS 


Phenothiazine and thiazide derivatives are capable of photosensiti- 
zation by both Type I (free radical) and Type I1 (singlet oxygen) mech- 
anisms. Reports of in uiuo photosensitivity (2) indicate that both pho- 
toallergic and phototoxic reactions have been seen with these groups of 
drugs. Anthracene and the tetracyclines, which have been shown to 
participate only in a Type I1 mechanism, are reported to have the more 
direct phototoxic effect only. Some adverse reactions to quinine are op- 
tical in nature (16) but have not been specifically defined as photosen- 
sitivity. 


Of particular interest is the thiazide-like substance furosemide, which 
shows a photosensitizing capability similar to the phenothiazines. Per- 
haps the reported skin rash reaction among patients taking furosemide 
(17) has a photosensitivity component. The spectral properties of the 
substances involved in this study are likely to vary depending on the 
polarity of the system in which they are incorporated. Nevertheless, i t  
is unlikely that window glass will afford complete protection from pho- 
tosensitivity reactions due to the compounds listed in Tables 1-111. 
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Pharmacokinetics of Mercaptopurine 


LAMBROS TTERLIKKIS x, EDITH ORTEGA, 
RALPH SOLOMON, and JAMES L. DAY 


Abstract 0 The anatomical distribution of mercaptopurine was inves- 
tigated in rats at dose levels of 2.5 and 25 mg/kg iv. The plasma and tissues 
were analyzed by radioisotopic dilution and spectrofluorometric tech- 
niques. The tissue-plasma ratios were: liver-plasma, -4.0; kidney- 
plasma, e2.4; spleen-plasma, = 1.7; muscle-plasma, = 1.4; gut lumen- 
plasma, =3; and bone marrow-plasma, -0.35. Physiologically based 
pharmacokinetic models were developed to simulate concentrations of 
mercaptopurine in plasma, kidneys, liver, muscle, spleen, bone marrow, 
and gut lumen. The agreement between experimental and predicted 
plasma and tissue profiles was good. Human plasma levels of mercapto- 
purine were predicted and, when compared with clinical data, demon- 
strated reasonable agreement. 


Keyphrases Mercaptopurine-pharmacokinetics in rats Phar- 
macokinetics-mercaptopurine in rats Distribution, biological- 
mercaptopurine in rats Antineoplastic agents-mercaptopurine, 
pharmacokinetics in rats 


Recently, the application of physiological pharmaco- 
kinetics to cancer chemotherapeutic agents has made 
possible the quantitative description of the distribution 
and elimination of methotrexate (1-3), cytarabine (4 ,5) ,  
and doxorubicin (6). Physiological pharmacokinetics were 
developed previously (1-3) using a pharmacokinetic model 
that simultaneously predicts the kinetics of drug distri- 
bution in blood, organs, and tissues of pharmacological 
interest. In contrast, conventional pharmacokinetic models 
correlate the kinetics of data of drug concentrations in 
blood by employing one or more exponential terms. Each 
exponential term represents one compartment. The 
coefficients and rate constants in pharmacokinetic equa- 
tions are then determined from curve-fit parameters (7, 
8). 


Classical pharmacokinetics (conventional) were applied 
to the study of the clinically useful antineoplastic agent, 
mercaptopurine (9, lo), in humans. Coffey et al. (9) dem- 
onstrated that single intravenous doses of mercaptopurine 
in combination with allopurinol do not alter the plasma 
mercaptopurine level in humans. Thus, allopurinol appears 
to have little effect on the pharmacokinetics of large in- 
travenous doses of mercaptopurine in humans. However, 
lower oral doses of mercaptopurine, which are commonly 
administered in the clinic concurrently with allopurinol, 
are significantly potentiated. Thus, the pharmacokinetics 
of orally and intravenously administered mercaptopurine 
appear to differ (1 1). 


Donelli et al. (12) compared the disposition of mercap- 
topurine in rats and mice bearing different experimental 
tumors with the disposition of mercaptopurine in tumor- 
free animals. The plasma mercaptopurine levels were an- 
alyzed by a spectrofluorometric method, and the tissue 
levels were measured by UV spectroscopy. Substantial 
mercaptopurine concentrations were observed in periph- 
eral organs, and it was concluded that there was no sig- 
nificant difference between the mercaptopurine concen- 
trations in tissues of normal rats and mice compared to 
those bearing Walker carcinosarcoma. 


Mercaptopurine has been used extensively in the 


treatment of acute human leukemia (13, 14). In the 
treatment of acute lymphocytic leukemia, it has been used 
in combination with prednisone or other agents in three- 
and four-drug combinations and was an effective remis- 
sion-inducing therapy. Rapidly multiplying cells are more 
susceptible to mercaptopurine than are stationary cell 
populations (15, 16), which is reflected in the toxicity of 
mercaptopurine toward the proliferating elements of bone 
marrow, intestine, and spleen. 


The present work is an attempt to establish quantitative 
prediction of mercaptopurine in several tissues of rats and 
correlation of the predictive values with experimental 
data. 


EXPERIMENTAL 


Male Sprague-Dawley rats, 190-210 g, had unrestricted access to food 
and water before experiments. The concentration of mercaptopurine in 
various rat tissues was obtained as follows. 


8-14C-Mercaptopurine was mixed with nonlabeled mercaptopurine 
and dissolved in 1 N NaOH. The resulting solution was diluted with 
normal saline. Each animal received 0.5 ml of mercaptopurine (4-10 
pCi/kg iv). The mercaptopurine doses ranged from 2.5 to 25 mg/kg. 


The animals were decapitated at  selected times after mercaptopurine 
injection, and tissue samples were collected. The entire small intestine 
minus the expressible contents was homogenized, as were the liver and 
other tissues. The bone marrow was removed from two femurs by cracking 
and aspirating the contents into a tared micropipet. The tissue homog- 
enates and plasma were centrifuged at  9000 rpm; radioactivity levels in 
aliquots of the resulting supernates were determined by scintillation 
counting. The counts were converted to micrograms of drug per unit of 
tissue after appropriate correction for quenching, volumes, and tissue 
weights. 


Typically, radioactive contents of bone marrow are determined by 
counting the products of whole bone marrow combustion. Since a com- 
bustion apparatus was unavailable, a biochemical extraction method 
employing various soluhilizing agents was utilized. However, consistent 
and reliable results could not be obtained. 


Plasma mercaptopurine levels also were determined according to the 
spectrofluorometric method of Finkel (17). The method is based on the 
conversion of mercaptopurine to purine 6-sulfonate by oxidation with 
permanganate. The purine 6-sulfonate formed by the reaction is then 
determined spectrofluorometrically. 


Pharmacokinetic Model-Scheme I shows the flow diagram and 
relevant compartments in the mathematical model. Bischoff et al. (18) 
previously gave a detailed mathematical description. The model is based 
on mass balance equations for each compartment. A typical mass balance 
equation is given here for the kidney: 


d C  CK CK VK - = Q K C ~  - Q K -  - K K -  
d t  R K  R K  


where VK dC/d t  is the accumulation of drug in kidney, Q K C ~  is the rate 
of inflow with blood, QKCKIRK is the rate of outflow with blood, and 
K K C K / R K  is the clearance by the kidney. 


The balance equation for the plasma is: 


CM + QM G) - (QL  + QK + QBM + QSP + Q,w)Cp (Eq. 2) 


where P, L, K ,  EM, SP, and M signify plasma, liver, kidney, bone marrow, 
spleen, and muscle, respectively; V is the compartment size (milliliters); 
C is the concentration (micrograms per milliter); Q is the blood flow rate 
to the compartment (milliliters per minute); KK is the clearance (milli- 
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Table I-Model Parameters for 200-g Rat and 70-kg HumanD 


* 


Parameter 


Volume, V, ml, 
F!ow ‘a@, Q, ml/min 
Linear dlstribution ratio, R 
Strong binding constant, a ,  yg/ml 
Kidney clearance, K K ,  ml/min 
Bile secretion parameter clearance, k J K L ,  


ml/min 
Bile transit parameter, min, 
Gut lumen arameter transit time, min 


KC.  udml 


l / k ~ ,  mi?- P 
k G ,  d m i n  


PLASMA I 


Compartment 
Plasma Muscle Kidney Liver Gut 


9.0 (2700) 100 (38,000) 1.9 (1100) 8.3 (1700) 11 (3200) 
- 3.0 (420) 5.0 (700) 6.5 (800) 5.3 (610) 
- 1.4 (1.4) 2.4 (2.4) 4.0 (4.0) 3.0 (3.0) 


0.1 (0.1) - 0.0 (0.0) 0.35 (0.35) 0.6 (0.6) 
- - 1.2 (315) - - 
- - - 1.2 (500) - 
- - - 1.0 (10) - 
- - - - 100 (1000) 
- - - - 0.01 (0.001) 
- - - - 20 (1900) 
- - - - 200 (200) 


Spleen Bone Marrow 
0.54 (200) 4 (1400) 
0.25 (110) 0.64 (66) 
1.7 (1.7) 0.35 (0.35) 
0.2 (0.2) 0.2 (0.2) 


a Values in parentheses are for the human. 


liters per minute); R is the tissue-to-plasma equilibrium distribution 
ratio; M is the total dose of drug; and g ( t )  is the injection function, which 
is a short pulse to simulate an intravenous injection (1,2): 


(Eq. 3) 


where X is the reciprocal of the injection duration. 
The mass balance equations are written similarly for the remaining 


compartments. Fifteen differential equations were solved simultaneously 
by computer to yield predictions of the mercaptopurine concentration 
in any compartment as a function of time following an input injection 
into the plasma compartment. 


Physiological Parameters for Rats and Humans-Table I lists the 
physiological model parameters used in the simulations for rats and 
humans. Volumes, flow rates, and gut lumen parameters were obtained 
from previous reports (18,19) for the rat. The strong and linear binding 
parameter was obtained from experimental data, with the exception of 
muscle and bone marrow. The linear binding parameter for muscle was 
determined by Nelson et al. (20). 


The binding parameters for bone marrow were estimated from Dedrick 
et al. (19) for the 25-mg/kg dose of methotrexate in the rat. Experimen- 
tally obtained strong binding parameters for mercaptopurine in several 
tissues were observed; these values differed by no more than 50% from 


g ( t )  = 30X(Xt)2(1 - 


A LIVER 1-1 G . I .  TRACT 


‘ L  
BlLlARY SECRETION GUT LUMEN ‘OCC 


URINE 


I Qm 
a MUSCLE 


Ob 
6 


BONE 
MARROW 


6 


Q9P 
c SPLEEN u 


Scheme 1 


those of methotrexate. Also, the bone marrow profile was simulated, 
varying the strong binding parameter within f50% of methotrexate ( i e . ,  
a = 0.1-0.3). The difference between simulated profiles of a = 0.1-0.3 
varied only about 10% below 140 min and roughly less than 25% above 
140 min. Therefore, by choosing the strong binding parameter of meth- 
otrexate, which falls within a = 0.1-0.3, the simulated variation will be 
smaller. 


Through simulation of the gut lumen profile and comparison with 
experimental data, the kc values varied from 10 to 30 and the KG values 
varied from 100 to 300 with various combinations. The comparisons made 
with all simulations of the gut lumen profiles were almost identical up 
to 60 min; beyond 60 min, variation at any point in time was less than 15% 
from that of the methotrexate value. Furthermore, the experimental 
technique for determination of the absorption parameters is difficult to 
apply with accuracy. The values for K c  and kc gave a consistent and 
uniform fit for virtually all tissues of interest. 


The renal clearance was determined using the plasma mercaptopurine 
level a t  10 hr, which was 2.8 pglml with a dose of 25 mg/kg iv, and the 
amount of radioactive mercaptopurine excreted during 20 hr, which 
amounted to 48% of the administered dose (21). Therenal clearance was 
+so evaluated by taking the average of the ratios of AUT/JTC, dt,  where 
A,, is the total amount of radioactive mercaptopurine excreted for 12 
hr, and this amount corresponded to 43% of the administered dose. The 
area under the plasma-time curve was 3700 wg min/ml for a 25-mg/kg 
dose. Both methods gave approximately the same renal clearance of 0.7 
ml/min. The bile secretion parameter gave the best fit for all tissue and 
plasma profiles. 


The values for human tissue, volume, and blood flows used were taken 
from previous studies. Similarly, in this study, the flow was utilized in 
the human model for mercaptopurine and a hematocrit volume of 45% 
was assumed. Reported values were used for human tissue volume and 
plasma flow (6) and gut lumen parameters (18). The bile secretion pa- 
rameters were determined by conjecture to create the best fit for the data. 
The renal clearance was estimated based on 20% mercaptopurine excreted 
within 4 hr, and the corresponding plasma level a t  the midpoint was 2.4 
pg/ml(9,22). Then the renal clearance was computed to be 315 ml/min 
based on a 13-mgIkg dose and a 70-kg body weight. 


RESULTS AND DISCUSSION 


Figure 1 compares model simulation with experimental values for 
mercaptopurine levels in several rat tissues following a dose of 25 mg/kg 
iv. Each point represents an average of four rats. A moderately rapid 
distribution phase is followed by a slower rate of concentration changes, 
and the equilibrium between tissues and plasma occurs within 20 min. 
However, for gut lumen, the equilibrium occurs in about 60 min. The gut 
lumen has the highest concentration of mercaptopurine, which is due to 
reabsorption through biliary secretion since a very small amount of 
mercaptopurine or its metabolites is detected in feces (21). The predictive 
results are in good agreement with overall tissue profiles. 


Figure 2 shows the early phase of the plasma profile using the radio- 
isotope method uersus the spectrofluorometric method. The simulated 
plasma curve in Fig. 2 indicates a very rapid drug distribution and a 
30:pg/ml drop in value in the first 4 min. The half-life was determined 
to be 12.15 hr using the fl-phase of the plasma profile for 10 hr. These data 
are not shown in Fig. 2, which illustrates only the first 30 rnin of the 10-hr 
period. 


The 48-hr renal excretion data previously reported (21) indicated that 
56% of the administered radioactivity was recovered in urine. By using 
these data, the elimination constant was calculated and compared to the 
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Figure 1-Model prediction versus experimental results in rats given 
25 mglkg iv. Solid lines are model predictions; symbols are experimental 
data. Key: GL(o) ,  small intestine; L(A) liver; K ( o ) ,  kidney; P(O), 
plasma; SP(v), spleen; and BM, bone marrow. 


constant determined from the plasma values obtained in the experiment. 
The semilog plot, log (Mu" - M,) of total radioactive mercaptopurine 
remaining to be excreted versus time, gives a biexponential curve. The 
Mu" is the amount of dose excreted at  infinite time, and Mt represents 
the amount of dose excreted at  any time. From the linear portion of this 
curve, the slope was estimated and the corresponding half-life was 12.00 
hr. Elimination constants from plasma and urinary data correlated very 
well. 


Sarcione and Stutzman (21), using urinary data, found that a signifi- 
cantly large amount of cumulative 6-thiouric acid was excreted during 
the first 8 hr. In contrast, a relatively small amount of unchanged mer- 
captopurine was excreted. This result indicates that  a large proportion 
of mercaptopurine undergoes biotransformation in uivo. The plasma 
profile of mercaptopurine obtained spectrofluorometrically follows 
first-order kinetics and has a half-life of about 6 min. The discrepancy 
between the two experimental plasma profiles is due to significant bio- 
transformation of mercaptopurine to give 6-thiouric acid, 6-methylsul- 
finyl-&hydroxypurine, and some inorganic sulfate (21). 


Donelli et al. (12) measured the concentration of mercaptopurine in 
tissues (liver, spleen, and lung) by a spectrophotometric technique and 
reported that there was a significant accumulation of mercaptopurine 
in these tissues relative to plasma and that this accumulation persisted 
for a long time. Also, there was no log-log linear relationship of distri- 
bution of mercaptopurine between plasma and tissue concentrations. 
This result may have been due to the nonspecific nature of the analytical 
methodology associated with spectrophotometry; many anabolic and 
catabolic products exist in tissues and may interfere with mercaptopurine 
determination. 


Furthermore, the spectrofluorometric method has a limited sensitivity 
of about 1 pglml in plasma. Within 30 min in the present study, the 
plasma level approached the sensitivity level of 1 pglml for a 25-mg/kg 
dose, as reported previously (12). This result implies that plasma profiles 
have not yet reached asymptotic decay. To determine low levels of mer- 
captopurine in plasma and tissues, one must utilize specific and sensitive 
assaying techniques, such as mass fragmentography. Experimentally 
accurate determinations of plasma and tissue profiles are necessary not 
only for simulation purposes but also for the determination of required 
parameters such as linear and strong binding and renal clearances. These 
parameters play a substantial role in pharmacokinetic modeling. 


T o  date, the comparison of analytical methodology has not been in- 
vestigated in relation to physiological pharmacokinetic modeling. For 
a comparison of methods on plasma modeling only, previous results (23) 
with fluorouracil clearly demonstrated the inadequacy of the radioactive 
method versus mass fragmentography. Inasmuch as a specific and sen- 
sitive analytical technique was not available for low level determination 
of mercaptopurine in tissues, i t  seemed reasonable to use the relatively 
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Figure 2-Solid line is model prediction in rats given 25 mglkg iu.  The 
open and solid circles are experimental data obtained by the radioac- 
tivity and spectrofluorometric methods, respectively. 


nonspecific radioisotopic method to evaluate physiological pharmaco- 
kinetic modeling in rats. 


Figure 3 illustrates a comparison of the model prediction in several 
tissues with experimental data obtained with a dose of 2.5 mg/kg iv of 
mercaptopurine in rats. The model was simulated in the same manner 
and identical parameters were obtained with a 25-mglkg dose, the only 
difference being the dose. Overall agreement between model prediction 
and experimental data was good. The experimentally obtained linear 
binding parameter for liver tissue for the 25- and 2.5-mglkg doses showed 
a 20% variation. 


The average linear binding parameter for the liver a t  25 mgkg was 4.4; 
a t  2.5 mg/kg, it was 3.2. Simulations shown in Figs. 1 and 3 were based 
on a linear binding parameter of 4.0 to minimize variation and still be 
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Figure 3-Model prediction versus experimental results in rats given 
2.5 mglkg iu.  For other details, see Fig. 1 .  
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Figure 4-Comparison between curves predicted by model and observed 
data offour patients. Key: A, Patient CK; 0,  Patient JY;  0,  Patient 
GS; 0, Patient CC. 


consistent with the liver profiles at  both doses. Had 3.2 been selected for 
the low dose and 4.4 for the high dose, better agreement for the liver 
profiles would have been obtained without affecting any other tissue 
profile. In addition, appropriate manipulation of the biliary excretion 
rate value did give acceptable liver profiles but induced undesirable 
variations in profiles for other tissues. 


A comparison of the plasma results from several patients with the 
model predictions is shown in Fig. 4 along with predicted values for the 
other body regions. The data points are actual values from four different 
patients obtained previously (9). Patients CK, JY, and GS each received 
900 mg iv of mercaptopurine with the exclusion of any other drug therapy. 
In Patient GS, the plasma level was almost identical with that in the 
simulated model. For Patient CK, a lower plasma level was observed at  
60 min than a t  120 min. This type of disagreement might be caused by 
the lack of analytical specificity and sensitivity or by an artificial ef- 
fect. 


Patient CC, a 73-kg male, was given 12 mg/kg iv of mercaptopurine. 
This patient also received other drugs during the studies: chloral hydrate, 
dioctyl sodium sulfosuccinate, morphine, and chlorpromazine hydro- 
chloride. The role of drug interactions in the physiological disposition 
of mercaptopurine is not well understood. Drugs such as phenobarbital 
affect drug metabolism (24), but dioctyl sodium sulfosuccinate seems to 
be without effect. The plasma level of Patient CC was uniformly lower 
than in the other patients as well as in the model simulations. Although 
several variables must be accounted for in these studies, the prediction 
is a reasonable first approximation. I t  was assumed in the model simu- 
lation that binding affinity of human tissue for mercaptopurine is the 
same as that of binding to rat tissue. To determine more accurately the 
tissue and plasma levels in humans, the binding affinity of human tissues 
for mercaptopurine must be investigated. 


CONCLUSION 


The models predict detailed distribution of mercaptopurine in the 
tissues for the two different dose levels in rats. Mercaptopurine is me- 
tabolically altered so rapidly that a true detailed description of tissue 


profiles is still uncertain due to nonspecific assaying techniques that 
might overestimate the concentration for plasma and tissue profiles. 
Several considerations in the pharmacokinetic modeling of mercapto- 
purine need further study. 


Mercaptopurine, like other thiopurines, must undergo anabolic con- 
version to nucleotide forms to exert its antineoplastic activity. Thus, it 
is necessary to incorporate in the pharmacokinetic modeling intracellular 
reactions and metabolic fate. Morrison et al. (5) were able to include 
intracellular metabolite and enzyme kinetics within those target cells that 
are the sites of the ultimate cytotoxic and cytostatic effects for cytara- 
bine. 
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Alkaloids of 
Nelumbo lutea (Willd.) pers. (Nymphaeaceae) 


STEVEN G. ZELENSKI 


Abstract 0 A phytochemical investigation of an alcoholic extract of the 
petioles of Nelumbo lutea resulted in the identification of the alkaloids 
N-methylasimilobine, anonaine, and roemerine. The alkaloids nuciferine, 
armepavine, N-nornuciferine, and N-norarmepavine, previously reported 
in the whole plant, were also identified. 


Keyphrases Nelumbo Zutea-alcoholic extract of petioles, various 
alkaloids identified 0 Alkaloids, various-identified in alcoholic extract 
of petioles of Nelumbo lutea 


Nelumbo lutea (Willd.) pers. (Nymphaeaceae), or 
American lotus, is widely distributed in the United States 
and can be found from Louisiana north to Wisconsin. In 
previous phytochemical investigations, the alkaloids nu- 
ciferine, armepavine, N-nornuciferine, and N-norar- 
mepavine were isolated from leaves and stems of this 
species (1). 


A 2-propanol extract of the petioles was fractionated to 
yield an alkaloid fraction. Chromatography of this fraction 
was followed by combined GLC-mass spectrometry of the 
alkaloids. Analysis of the spectra and comparison with 
standard materials resulted in the identification of the 
benzylisoquinoline alkaloids N-methylasimilobine (I), 
anonaine (11), and roemerine (111). 


The previously reported alkaloids (nuciferine, ar- 
mepavine, N-nornuciferine, and N-norarmepavine) also 
were identified in this extract. Since only trace amounts 
of each alkaloid were isolated by semipreparative GLC (2) 
for melting-point determinations or derivatization, no 
information is available on their stereochemistry. All of 
these alkaloids previously were isolated from the Asiatic 
lotus, N .  nucifera Gaertn. (Nymphaeaceae) (3). The al- 
kaloid nuciferine has been shown to possess an inhibitory 
action toward acetylcholine in rat Renshaw cells (4). 


EXPERIMENTAL 


Plant Material-The petioles of N. lutea were collected in July 
1975l. 


Extraction-Fresh plant material of N. Zutea (18 kg) was homoge- 
nized in a large blender at 5' with 10 liten of 2-propanol. The extract was 


I 11: R = H 
III: R P CHB 


1 The plant material was identified as N. lutea (Willd.) pers. (Nymphaeaceae) 
by Dr. Dale Thomas, Department of Botany, Northeast Louisiana University. A 
voucher specimen (SZ-03:OSS) is available for ins ection at the Herbarium of the 
Department of Pharmacy, Northeast Louisiana gniversity. 


filtered, and the marc was allowed to macerate with another 20 liters of 
2-propanol. The combined filtrates were evaporated in vacuo at  37' to 
leave a dark-green syrupy extract (1.2 kg). 


Fractionation-This extract was acidified with 2 liters of 10% acetic 
acid and extracted with 400 ml each of ether, ethyl acetate, and chloro- 
form. The acidic aqueous layer was made basic with 28% NH40H and 
extracted with 2 X 500 ml of chloroform. The chloroform residue was 
evaporated in uacuo to yield a tan crystalhe solid (225 mg). This material 
was further purified by silica gel2 column chromatography (140 g, 2 X 65 
cm) and elution with increasing concentrations of methanol in chloroform 
to which 1% pyridine had been added. 


Procedures-Methylation of N-Nornuciferine and N-Norarmepa- 
uine-Isolated N-nornuciferine and N-norarmepavine were methylated 
with formaldehyde-formic acid (5) to yield nuciferine and armepavine, 
respectively. 


Combined GLC-Mass Spectrometry-The fractions from silica gel 
chromatography were injected directly into a 2-m X 2-mm i.d. glass col- 
umn containing 1.5% OV-17-1.95% QF-1 on Varaport 30. The column 
temperature was programmed from 160 to 260' at 2'lmin. The injection 
temperature was 230'. The carrier gas was helium at  28 ml/min. The 
effluent from the column entered the mass spectrometer through a glass 
jet separator maintained at 220°, and the ion source temperature was 
maintained at  220'. The ionizing voltage was 70 ev, and the accelerating 
voltage was 12,600 to 900 ev. Spectra were recorded every 10 sec on a 
low-resolution mass spectrometer interfaced with a data reduction sys- 
tem3. 


Identification of I-The GLC retention time was 800 sec (standard 
800 sec). The mass spectrum showed ions at M+ m/e 281 (87%), 280 ( l a ) ,  
266 (771,250 (48), 178 (571,165 (40), and 152 (25) [standard M+ m/e 281 
(85%), 280 (loo), 266 (70), 250 (52), 178 (57), 165 (37), and 152 (25)]. The 
melting point was 194-195' [lit. (6) mp 195-196'1. 


Identification of 11-The GLC retention time was 1040 sec (standard 
1033 sec). The mass spectrum showed ions at M+ mle 265 (15%), 264 (82), 
176 (9), 151 (49), 102 (loo), and 88 (60) [standard M+ mle 265 (lo%), 264 
(84), 176 ( l l ) ,  151 (51), 102 (loo), and 88 (57)]. The melting point was 
120-121' [lit. (3) mp 118-121'1. 


Identification of 111-The GLC retention time was 900 sec (standard 
903 sec). The mass spectrum showed ions at M+ m/e 279 (24%), 278 (lOO), 
262 (13), 236 (9), 204 (5), 178 (67), and 165 (24) [standard M+ m/e 279 
(20%), 278 (loo), 262 (ll), 236 (ll), 204 (5), 178 (69), and 165 (25)]. The 
melting point was 100-101' [lit. (6) mp 100-101']. 


Identification of Nuciferine-The GLC retention time was 1430 sec 
(standard 1410 sec). The mass spectrum showed ions at  M+ m/e 295 
(low), 294 (56), 280 (38), 265 (38), 252 (23), and 139 (11) [standard M+ 
m/e 295 (loo%), 294 (55), 280 (35), 265 (35), 252 (23), and 139 (lo)]. The 
melting point was 164-165' [lit. (6) mp 162-163'1. 


Identification of Armepavine-The GLC retention time was 1028 
sec (standard 1030 sec). The mass spectrum showed ions at M+ m/e 313 
(0.09%), 206 (49), 190 (lo), 177 (6), 132 (501,118 (18), 107 (77), and 91 (43) 
[standard M+ mle 313 (0.08%), 206 (48), 190 (ll), 177 (6), 132 (52), 118 
(18), 107 (75), and 91 (45)]. The melting point was 167-168' [lit. (1) mp 
166-167'). 


Identification of N-Nornuciferine-The GLC retention time was 
930 sec. The mass spectrum showed ions at M+ mle 281 (49%), 280 (78), 
266 (20), 264 (60), 251 (171,221 (23), 207 (27), 194 (52), and 165 (100). 
Methylation of this compound yielded a compound whose mass spectrum 
was identical with nuciferine. 


Identification of N-Norarmepavine-The GLC retention time was 
1150 sec. The mass spectrum showed ions at  M+ m/e 299 (0.15%), 192 
(93), 176 (loo), 159 (22), 148 (68), 146 (2l),and 131 (35). Methylationof 
this compound yielded a compound whose mass spectrum was identical 
with armepavine. 


2 Hi-Flosil, 60-200 mesh, Applied Science Laboratories. 
3 Du Pont 321 Dimespec and 320 data system. 
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GLC Microanalyses of 
Phenacetin and Acetaminophen Plasma Levels 


M. A. EVANS and R. D. HARBISON” 


Abstract 0 A GLC method utilizing a flame-ionization detector is de- 
scribed for the simultaneous analysis of acetaminophen and phenacetin 
in plasma. p-Bromoacetanilide is used as an internal standard. The drugs 
are extracted with ether from plasma diluted with 1 M phosphate buffer 
(pH 7.4). The ether extract is evaporated to dryness under nitrogen, and 
the residue is dissolved in 300 pl of ethyl acetate. The ethyl acetate is 
transferred to a microcentrifuge tube (0.4 ml), and the sample is evapo- 
rated in a vacuum centrifuge. Then the residue is redissolved in 0.2 M 
trimethylanilinium hydroxide in methanol for GLC analysis. Extraction 
efficiency of added phenacetin and acetaminophen in plasma a t  con- 
centrations of 1-10 pg/ml was complete, and the limit of detection in 
plasma was less than 0.1 pg. 


Keyphrases 0 Phenacetin-GLC analysis in presence of acetamino- 
phen, plasma Acetaminophen-GLC analysis in presence of phenac- 
etin, plasma GLC-simultaneous analyses, phenacetin and acetami- 
nophen in plasma Analgesics-phenacetin and acetaminophen, si- 
multaneous GLC analyses in plasma 


Acetaminophen (I) and phenacetin (11) are commonly 
used analgesics available without prescription. Acute 
overdose with either compound can produce a dose-de- 
pendent, potentially fatal hepatic necrosis (1). Renal tu- 
bular necrosis and hypoglycemic coma also can occur (2). 
Chronic overdosage of I or I1 has been reported to produce 
blood dyscrasia including methemoglobinemia, hemolytic 
anemia, and thrombocytopenia (3). Thus, toxicity coupled 
with widespread use necessitates specific and rapid de- 
tection of the compounds in biological specimens. 


A sensitive and specific method for the estimations of 
I and I1 in plasma and urine by a GLC technique using 
trimethylsilyl derivatives was reported recently (4). 
However, it has a significant time requisite and absolute 
dryness is required to achieve effective silylating reactions. 
Furthermore, the continued use of silylating agents leads 
to rapid detector contamination. A GLC method for I 


NHCOCH, NHCOCH,, 
I I 


I I 
OH OC,H, 


I I1 


I11 


based on sequential alkylation, followed by on-column 
derivatization with trimethylanilinium hydroxide, also was 
demonstrated (5). This method is time consuming and 
specific only for I (5). 


Other reported methods for the estimation of I or I1 in 
biological specimens are nonspecific, lack sensitivity, or 
require a large sample volume (6-9). Therefore, a GLC 
method was developed for the rapid analysis of small 
amounts of I and I1 in plasma using an internal standard 
for quantitation. The sensitivity of this method was greater 
than 0.1 pg/ml of plasma for both compounds, and no in- 
terference was observed with peak identification. 


EXPERIMENTAL 


Apparatus-A gas chromatograph’ equipped with a flame-ionization 
detector was maintained with gas flows of 5,30, and 150 ml/min for ni- 
trogen, hydrogen, and air, respectively. A column oven temperature of 
165’ was used; the injection port and detector were maintained at  
300’. 


Column-A glass column, 2 m X 2 mm, was packed with 3% SP 2250 
on 80-100-mesh Chromosorb W, AW/DMCS2. Before packing, the col- 
umn was rinsed with methanol and acetone, dried, and conditioned 6 hr 
with a 10% solution of dimethyldi~hlorosilane~ in toluene to silylate re- 
active sites. Following silylation, the column was again rinsed with ace- 
tone and dried. 


Analytical Procedures-Plasma, 0.1-0.5 ml, was transferred to  a 
13-ml glass-stoppered centrifuge tube, mixed with the internal standard 
p-br~moacetanil ide~ (111) (10 pg/ml), and diluted with an equal volume 
of 1 M phosphate buffer (pH 7.4). The plasma was extracted with reagent 
grade ether (7 ml) by stirring on a vortex mixer (30 sec). The ether was 
transferred by disposable pipet to a dry, clean, 12-ml centrifuge tube and 
evaporated to dryness in a water bath (45’) using a nitrogen flow. Then 
the residue was dissolved in 300 pl of spectrophotometric grade ethyl 
acetate5 and transferred to a microcentrifuge tube6 (0.4 ml). 


The sample was taken to dryness under vacuum in a rotary vacuum 
centrifuge’ and redissolved in 4-8 p1 of trimethylanilinium hydroxide 
(0.2 M in methanolIs. Samples of 1-3 pl were injected into the gas chro- 
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Intraindividual Relationships between 
Serum Protein Binding of Drugs in 
Normal Human Subjects, Patients with 
Impaired Renal Function, and Rats 


AVRAHAM YACOBI and GERHARD LEVY" 


Abstract The serum protein binding of phenytoin, salicylic acid, 
sulfisoxazole, and warfarin was determined in normal human adults, in 
patients with impaired renal function (kidney donor and recipient), and 
in adult male Sprague-Dawley rats. The free fraction values for salicylate 
and sulfisoxazole were significantly correlated in all three groups. The 
other correlations were statistically significant in only one or two of these 
groups. There was a statistically significant negative correlation between 
albumin concentration and the free fraction values of salicylic acid and 
sulfisoxazole (but not of phenytoin and only under special circumstances 
with warfarin) in normal human subjects and of phenytoin, salicylic acid, 
and sulfisoxazole (but not warfarin) in rats. No such correlation was 
observed for any of the drugs in patients with impaired renal function. 
These observations show that no single weakly acidic drug can serve as 
an index for quantitatively determining the effect of disease or species 
differences on the serum protein binding of other weakly acidic drugs. 


Keyphrases 0 Protein binding, serum-phenytoin, salicylic acid, sul- 
fisoxazole, and warfarin compared, normal and renally impaired humans, 
rats 0 Binding, serum protein-phenytoin, salicylic acid, sulfisoxazole, 
and warfarin compared, normal and renally impaired humans, rats 0 
Phenytoin-serum protein binding compared to salicylic acid, sulfisox- 
azole, and warfarin, normal and renally impaired humans, rats 0 Salicylic 
acid-serum protein binding compared to phenytoin, sulfisoxazole, and 
warfarin, normal and renally impaired humans, rats 0 Sulfisoxazole- 
serum protein binding compared to phenytoin, salicylic acid, and war- 
farin, normal and renally impaired humans, rats Warfarin-serum 
protein binding compared to phenytoin, salicylic acid, and sulfisoxazole, 
normal and renally impaired humans, rats 


The serum protein binding of drugs is affected by age 
and disease and differs among species (1-4). There are 
pronounced interindividual differences in the protein 
binding of some drugs even among relatively homogeneous 
groups of healthy humans (5)  or animals (6). Since serum 
protein binding can significantly affect the pharmacoki- 
netic characteristics of drugs (7,8), considerable effort has 
been directed to the study of different variables that affect 
the binding of drugs to serum protein. It would be conve- 
nient if one or two acidic, neutral, and basic drugs could 
serve as representative index compounds in such studies. 
Therefore, the intrasubject relationships between the 
serum protein binding of several weakly acidic drugs 
(phenytoin, salicylic acid, sulfisoxazole, and warfarin) in 
normal human adults, patients with impaired renal func- 
tion, and normal adult rats were studied. 


EXPERIMENTAL 


A single venous blood sample was obtained from 39 normal adults', 
consisting of 19 males (age 31.6 f 8.5 years, range 21-54) and 20 females 
(age 27.1 f 7.8 years, range 18-52). Periodic venous blood samples were 
obtained from a 9-year-old white male recipient of a renal transplant and 
from the donor, his 29-year-old mother. Blood sampling began before the 
transplant, while the recipient was bilaterally anephric, and continued 


Thirty-seven were Caucasian, one was Oriental, and one was of Peruvian an- 
cestry. Most of the subjects were faculty, graduate students, and research person- 
nel. 


Table I-Relationship between Serum Free Fraction ( f )  Values 
of Various D r u m  in Normal Human Adults 


r Drug Pair f Range" n P  
Phenytoin- 0.111-0.151 (I) 0.122 30 >0.6 


0.398 22 >0.1 
salicylic acid 0.181-0.296 (11) 


sulfisoxazole 0.0819-0.125 (111) 
Phenytoin- 0.111-0.151 (I) 


Salicylic acid- 0.182-0.296 (11)' 0.736 22 <0.001 


Warfarin- 0.00503-0.0186 (IV) 0.032 39 >0.8 
sulfisoxazole 0.0819-0.125 (111) 


Dhenvtoin 0.111-0.155 (1) 
Wirfarin- O.OO503-0.0172 (IV) -0.292 30 >0.1 


Warfarin- 0.00503-0.0172 (IV) 0.007 22 >0.9 
salicylic acid 0.181-0.296 (11) 


sulfisoxazole 0.0819-0.125 (111) 


0 Ranges off are listed for phenytoin (I), salicylic acid (II), sulfisoxazole (III), 
and warfarin (IV) for the stated number of subjectfi (n). 


for almost 3 months, during which the recipient experienced a rejection 
episode which was overcome in about 18 days. Further details of this case 
have been published elsewhere (9). Single blood samples were obtained 
from adult male Sprague-Dawley rats, 300-460 g, maintained on a 
standard diet'. 


Serum was separated, and phenytoin (15 wg/ml, including 14C- 
phenytoin), salicylic acid (300 pglml), sulfisoxazole (100 pglml), and 
'"-warfarin (0.8 pg/ml) were added to different portions of each serum 
sample or to the buffer phase of the dialysis system. The serum samples 
were dialyzed to equilibrium against an equal volume of pH 7.4 phosphate 
buffer a t  37'. Details of the dialysis procedures and analytical methods 
were described elsewhere (5,9,10). 


The binding data are expressed as free fraction values, i.e., the ratio 
of concentrations of unbound to total (free and bound) drug. Total serum 
protein concentration was determined by the method of Gornall et al. 
(ll), and the fraction of albumin was measured with a commercial3 
electrophoresis system. Crystalline human and rat albumins were used 
as standards. 


RESULTS 


The results of all protein binding correlation studies are summarized 
in Tables 1-111. These tables include the results of previously published 


0.07J , I ' I  I 


0.16 0.20 0.24 0.28 
FREE FRACTION (SALICYLIC ACID) 


Figure I-Relationship between free fraction values of salicylic acid 
and sulfisoxazole in serum of 22 normal human adults; r = 0.736, p < 
0.001. 


2 Charles River Formula 4RF. 
3 Gelman Sepratek. 
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Table 11-Relationship between Serum Free Fraction ( f )  Values 
of Various Drugs in Patients with Impaired Renal Function a 


Drug Pair f Range r n p  


z 
I- 


U 
LL ,,, 0.16- 
w 
[r 
LL 


2 0.20- 


2 


Phenytoin- 0.143-0.233 (I) 0.867 17 <0.001 
salicylic acid 0.192-0.374 (11) 


Phenvtoin- 0.143-0.233 (I)  0.789 17 <0.001 
sulfisoxazole 0.080-0.261 (111) 


suiksoxazole 0.075-0.261 (111) 


phenytoin 0.143-0.233 (I) 


salicylic acid 0.190-0.374 (11) 


sulfisoxazole 0.075-0.261 (111) 


* Desi ations as in Table I, except that n indicates the number of blood samples 


Salic lic acid- 0.190-0.374 (11) 0.822 24 <0.001 


Warfarin- 0.0068tL0.0162 (IV) 0.768 8 <0.05 


Warfarin- 0.00686-0.0162 (IV) 0.837 13 <0.001 


Warfarin- 0.00686-0.0162 (IV) 0.798 13 <0.005 


obtaine8rom a kidney donor and recipient over a period of time. 


Table 111-Relationship between Free Fraction ( f )  Values of 
Various Drugs in Normal Adult Ratsa 


Drue Pair f Ranee r n  D 


Phenytoin- 0.179-0.280 (I) 0.866 18 <O.OOl 


Phenytoin- 0.179-0.280 (I) 0.785 18 <0.001 
salicylic acid 0.390-0.690 (11) 


sulfisoxazole 0.0685-0.196 (111) 
Salicylic acid- 0.390-0.690 (11)' 0.817 20 <0.001 


Warfarin- 0.00405-0.0296 (IV) 0.079 18 >0.7 
sulfisoxazole 0.0685-0.196 (111) 


phenytoin 0.179-0.280 (I) 


salicylic acid 0.390-0.690 (11) 


sulfisoxazole 0.0685-0.196 (111) 


Warfarin- 0.00405-0.0386 (IV) 0.323 20 >0.1 


Warfarin- 0.00405-0.0386 (IV) 0.289 20 >0.2 


Designations as in Table I. 


investigations of protein binding correlations of warfarin-phenytoin in 
normal human adults (5) and of salicylic acid-sulfisoxazole in patients 
with impaired renal function (9) and in rats (12). The additional protein 
binding data reported here were obtained from the same serum samples, 
except that not all binding determinations could be done on all samples 
because of the limited volume of serum. The results of the determinations 
of the relationship between serum albumin concentration and the free 
fraction values of the different drugs are summarized in Tables IV- 
VI. 


Studies in Normal Human Subjects-There was a statistically sig- 
nificant correlation between the free fraction values of salicylic acid and 
sulfisoxazole (Fig. 1) but not between any of the other combinations. The 
relatively widest range of serum free fraction values was found for war- 
farin (approximately 3.5-fold); the other three drugs had a considerably 
smaller intersubject variation (approximately 1.5-fold). There was a 
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Figure 2-Relationship between free fraction values of salicylic acid 
and albumin concentration in serum of 48 normal human adults; r = 
-0.772, p < 0.001. Eighteen subjects were from a previous study. 


Table IV-Relationship between Albumin Concentration and 
Free Fraction ( f )  Values of Various Drugs in Serum of Normal 
Human Adults 


Drug Range off and A a r n P  


Phenytoin 0.11 14.155 -0.188 39 >0.2 


Salicylic acid 0.181-0.299 -0.772 48 <0.001 


Sulfisoxazole 0.0819-0.125 -0.699 22 <0.001 


3.50-4.72 


3.50-4.74 


3.504.66 
Warfarin 0.00503-0.0172 (See Discussion) 


3.50-4.66 


Range off is on upper line; range of albumin concentration ( A )  is on lower 
line. 


Table V-Relationship between Albumin Concentration and 
Free Fraction ( f )  Values of Various Drugs in Serum of Patients 
with Impaired Renal Function 


Drug Range off and Aa r n P  


Phenytoin 


Salicylic acid 


Sulfisoxazole 


Warfarin 


-0.259 17 >0.3 0.143-0.233 
3.55-5.00 
0.190-0.374 -0.126 24 >0.5 
3.55-5.25 
0.075-0.261 0.034 24 >0.8 
3.55-5.25 


0.00686-0.0162 -0.093 13 >0.7 
3.95-5.12 


0 Range o f f  is on upper line; range of albumin concentration (A) is on lower 
line. 


statistically significant negative correlation between the serum albumin 
concentration and the serum free fraction values of salicylic acid (Fig. 
2) and sulfisoxazole. No such correlation was found for phenytoin and 
warfarin. 


Studies on Patients with Impaired Renal Function-Figure 3 
shows the change in free fraction values of phenytoin in the donor and 
recipient of a renal transplant over -3 months. The serum free fraction 
in the donor increased shortly after removal of the kidney and eventually 
returned to normal. The free fraction in the serum of the recipient was 
substantially elevated while he was anephric, decreased to near normal 
shortly after the transplant, increased again during the rejection episode, 
and then decreased to normal some time after the rejection episode had 
been overcome. Similar patterns were observed with respect to the serum 
protein binding of salicylic acid and sulfisoxazole (9) and warfarin. 


Statistically highly significant correlations were found between the 
free fraction values of all combinations of the four drugs (Table 11). Since 
there was no significant difference between donor and recipient with 
respect to the correlation slopes (Figs. 4 and 5 and Ref. 9), the data were 
combined for the statistical analysis. There was no apparent correlation 
between the serum albumin concentration and the free fraction values 
of any of the drugs (Table V). 


Studies on Normal Adult Rats-Highly statistically significant 
correlations between serum free fraction values were found for the drug 
pairs phenytoin-salicylic acid, phenytoin-sulfisoxazole, and salicylic 
acid-sulfisoxazole, while no significant correlation was apparent for 
warfarin-phenytoin, warfarin-salicylic acid, or warfarin-sulfisoxazole 
(Table 111). The free fraction values for phenytoin, salicylic acid, and 
sulfisoxazole showed a significant negative correlation with the albumin 
concentration in serum; no such correlation was found with respect to 
warfarin (Table VI). 


Table VI-Relationship between Albumin Concentration and 
Free Fraction ( f )  Values of Various Drugs in Serum of Normal 
Adult Rats 


Drug Range off and A" r n P 
Phenytoin 0.179-0.280 -0.646 18 <0.005 


Salicylic acid 0.390-0.690 -0.565 20 <0.01 


Sulfisoxazole 0.0685-0.196 -0.543 20 <0.02 


3.00-3.79 


3.00-3.79 


3.00-3.79 


3.00-3.79 
Warfarin 0.00405-0.0386 -0.0277 20 >0.9 


(I Range o f f  is on upper line; range of albumin concentration (A) is on lower 
line. 
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Figure 3-Free fraction of phenytoin in serum of donor (0) and re- 
cipient (.) of a kidney transplant as a function of time. 


DISCUSSION 


There are several possible approaches to the study of correlations be- 
tween the serum protein binding of different drugs under various con- 
ditions. A relatively fundamental approach is the determination of the 
classic binding parameters of the drugs in solutions of pure albumin. This 
investigation focused more directly on the clinically relevant aspects of 
the problem by use of undiluted serum and widely used drugs at  con- 
centrations in the therapeutic range. 


In comparing the results obtained with serum Prom normal humans, 
normal rats, and humans with impaired renal function, it should be 
recognized that data from the latter group essentially reflect intra- rather 
than interindividual differences because only two patients were studied 
and serum was obtained repeatedly during periods of changing renal 
function. It was considered desirable to use this study design rather than 
to make one-point-in-time determinations of protein binding in serum 
from a larger group of patients since it is important to determine, from 
a clinical pharmacokinetic point of view, the time course of events in 
patients with impaired renal function. 


The serum free fraction values of all drugs studied in this investigation 
varied appreciably between subjects in the normal humans and rats. The 
most pronounced variation was found with respect to warfarin, particu- 
larly in rats. Such variation may be due to differences in albumin con- 
centration or structure or be caused by endogenous inhibitors of protein 
binding (13) that may differ among subjects in concentration or kind. 
Albumin concentration is an important determinant of the serum protein 
binding of salicylic acid and sulfisoxazole in normal humans and rats and 
of phenytoin in rats (Table 11). A statistically significant negative cor- 
relation was demonstrated between the albumin concentration and the 
warfarin free fraction in the serum of fasted normal humans (14) but not 
of subjects whose food intake was not restricted or controlled (5), as in 
this study (Table IV). Apparently, variations in the concentration of fatty 
acids or other food-derived substances obscure the effect of interindi- 
vidual differences in the serum albumin concentration on the serum 
protein binding of warfarin. The very pronounced interindividual vari- 
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Figure 4-Relationship between the free fraction values of phenytoin 
and salicylic acid in serum samples from a kidney donor (0) and re- 
cipient (.) obtained over -3 months; r = 0.867, p < 0.001. 
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Figure 5-Relationship between the serum free fraction values of sul- 
fisoxazole and warfarin in serum samples from a kidney donor (0) and 
recipient (0) obtained ouer -3 months; r = 0.798, p < 0.005. 


ation in the serum protein binding of warfarin in rats may be due to ge- 
netic influences, since the free fraction values show a trimodal frequency 
distribution in these animals (6) but are unimodal in humans (5). 


The only statistically significant correlation of free fraction values in 
all three groups was found for salicylic acid-sulfisoxazole. Data suggesting 
competitive inhibition between salicylate and a sulfonamide for binding 
sites on albumin were reported previously (15). All possible pairs of drugs 
showed statistically significant correlations of free fraction values in the 
patients with impaired renal function. There is indirect evidence that 
this pathological condition is associated with pronounced elevation of 
endogenous inhibitors of serum protein binding (13), and this variable 
apparently affects all drugs used in this investigation. It also apparently 
obscures the effect of variations in albumin concentration, since there 
was no statistically significant relationship between free fraction values 
for any of the drugs and the serum albumin concentration in the serum 
of the two patients. However, if these relationships are examined sepa- 
rately for donor and recipient, a statistically significant negative corre- 
lation is found between the albumin concentration and the free fraction 
of salicylate in the serum of the donor (r = -0.718, p < 0.01). 


The observations on the change in the free fraction values of phenytoin 
and warfarin after renal transplantation are in agreement with results 
obtained by Odar-Cederlof (16), but this investigator studied the patients 
for a shorter period, did not encounter a rejection episode, and did not 
examine the serum binding characteristics of kidney donors. 


There can be several reasons for the lack of correlation between the 
serum free fraction values of different drugs. They may have different 
binding sites, their association constant with albumin may differ signif- 
icantly so that an endogenous inhibitor may effectively displace one but 
not the other drug, and the molar concentration ratio of drug to albumin 
in the therapeutic drug concentration range may differ appreciably. The 
latter two variables can influence the sensitivity of the free fraction value 
to changes in albumin concentration. These same factors, as well as 
qualitative and quantitative differences in albumin and/or endogenous 
inhibitors, may be responsible for species differences and differences 
between healthy subjects and patients with renal or other diseases (7). 
Consequently, it appears that no single drug can serve as an index com- 
pound for a group of other drugs. The investigation described in this re- 
port demonstrates this fact with respect to a group of weakly acidic 
drugs. 
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Isolation and Identification of 
Morphine 3- and 6-Glucuronides, 
Morphine 3,6-Diglucuronide, Morphine 3-Ethereal 
Normorphine, and Normorphine 6-Glucuronide as 
Morphine Metabolites in Humans 


S. Y. YEHX, C. W. GORODETZKY, and H. A. KREBS 


Abstract Morphine metabolites were isolated with column chroma- 
tography on a resin and neutral aluminum oxide and TLC from the urine 
of morphine-dependent subjects maintained on morphine sulfate at a 
dose of 240 mg/day. These metabolites were characterized as morphine 
%glucuronide, morphine 6-glucuronide, morphine 3,6-diglucuronide, 
morphine 3-ethereal sulfate, normorphine, normorphine 6-glucuronide, 
and, possibly, normorphine 3-glucuronide by free phenol and glucuronide 
tests, envymatic hydrolysis, GLC, TLC, UV spectroscopy, and GLC-mass 
spectrometry. 


Keyphrases 0 Morphine metabolites, various-column chromato- 
graphic and TLC isolation from human urine 0 Chromatography, col- 
umn-isolation of various morphine metabolites from human urine 0 
TLC-isolation of various morphine metabolites from human urine 0 
Narcotic analgesics-various morphine metabolites, column chromato- 
graphic and TLC isolation from human urine 


Studies with animals and humans have shown metab- 
olism of morphine by the following pathways: (a) conju- 
gation to give morphine 3-glucuronide, morphine 6-glu- 
curonide, and morphine 3-ethereal sulfate (1-8); ( b )  N -  
demethylation to yield normorphine, which was then 
conjugated (9-15); (c) 0-methylation to form codeine (16, 
17); and ( d )  oxidation to form dihydromorphinone (18). 
Recently, a minor metabolite, tentatively identified as 
morphine 2,3-quinone, was reported in the urine of rats 
given morphine and after incubation of morphine with rat 
brain homogenates (19). Also, one study was unable to 
confirm the conversion of morphine to codeine (20). 


Only morphine 3-glucuronide has been isolated as a 
marphine metabolite in humans (2), and a small amount 
of morphine 6-glucuronide was detected by TLC (5). The 
present paper reports the isolation and identification of 
morphine 3- and 6-glucuronides, morphine 3,g-diglucu- 
ronide, morphine 3-ethereal sulfate, normorphine, nor- 
morphine 6-glucuronide, and, possibly, normorphine 3- 


Sulfate, 


glucuronide from the urine of morphine-dependent human 
subjects. 


EXPERIMENTAL 


Materials and Subjects-The morphine sulfate USP used was a 
commercial product; normorphine hydrochloride was used as received1. 
Pseudomorphine and morphine N-oxide were synthesized according to 
the procedures of Fulton (21) and Freund and Speyer (22), respectively. 
Morphine 3-glucuronide, codeine 6-glucuronide, and morphine 3-ethereal 
sulfate were isolated from the urine of dogs and cats given morphine and 
codeine, respectively (3,9, 23). 


Four adult postaddict males2 were judged to be in good health from 
recent history and physical and laboratory examinations, including tests 
of hematological, renal, hepatic, and cardiac functions. The subjects had 
an average age of 33 years (range of 27-41) and an average weight of 66 
kg (range of 61-71). All subjects were given morphine sulfate injections 
in gradually increasing doses from 10 to 60 mg sc four times daily. Urine 
was collected from subjects during maintenance on morphine sulfate a t  
60 mg after several months and stored in a refrigerator. 


Extraction of Morphine and Its Metabolites-Morphine, nor- 
morphine, and other possible metabolites were extracted from samples 
according to the procedure described previously (14). Samples were ad- 
justed to about pH 10, buffered at pH 10.4 with 2 ml of 40% phosphate 
buffer (37% KzHPO4 and 3% KaPOd), salted, and extracted with 1,2- 
dichloroethane (glass distilled) containing 30% (v/v) 2-propanol. 


The organic phase was shaken with 1 N HCI; then the acidic aqueous 
phase was separated and adjusted to pH 10.4, buffered, salted, and ex- 
tracted again with the organic solvent. The residue obtained upon 
evaporation of the organic phase to dryness was used for TLC and GLC 
identification of morphine metabolites. For GLC identification, a de- 
rivative was prepared using 25% trimethylsilylimidazole in pyridine3. 


TLC-TLC was performed with either 250-pm silica gel plates with 
a preadsorbent area4 or instant TLC sheets impregnated with silica gel5. 


~ ~- 


I Courtesy of Dr. E. L. May, National Institutes of Health. 
Federal prisoner volunteers, incarcerated at  the National Institute on Drug 


Abuse Research Center. Informed consent was obtained in writing in the presence 
of a witness. 


3 Pierce Chemical Co., Rockford, 111. ' Quantum Industries, Fairfield, N.J. 
Gelman Instrument Co., Ann Arbor, Mich. 
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Equilibrium Reaction of 
Pyrazolodiazepinones in Aqueous Solution 


W. H. HONG, C. JOHNSTON, and D. SZULCZEWSKI" 


Abstract 0 This study of the behavior of some pyrazolodiazepinones 
in aqueous solution at  near ambient temperature indicated that they form 
stable equilibrium mixtures consisting of ring and opened forms. Under 
isothermal conditions, mixtures are produced whose composition is de- 
pendent on pH and may vary from that corresponding to essentially 
complete ring opening to complete closure. Ring closure equilibrium 
constants were calculated, and the influence of methyl substitution was 
determined. Substitution of a methyl group for an amido hydrogen in 
the open form results in a fivefold increase in this constant. Methylation 
of the terminal amino group, however, did not cause a corresponding 
increase and may not significantly affect equilibrium. 


Keyphrases 0 Pyrazolodiazepinones, various-equilibrium reaction 
in aqueous solution, effect of pH and methyl substitution 0 Equilib- 
rium-various pyrazolodiazepinones in aqueous solution, effect of pH 
and methyl substitution n Structure-activity relationships-various 
pyrazolodiazepinones, equilibrium reaction in aqueous solution, effect 
of pH and methyl substitution 


1-Ethyl - 4,6 - dihydro-3-methyl-8-phenylpyrazolo[4,3- 
e][1,4]diazepin-5(1H)-one (Ia) (ripazepam) is an investi- 
gational new drug of the diazepinone class being evaluated 
for clinical utility (1-3). This pyrazolodiazepinone, in 
contrast to 1,4-benzodiazepinones, is easily hydrolyzed to 
yield the open chain compound 4-(2-aminoacetamido)- 
5-benzoyl-1-ethyl-3-methylpyrazole ( H a )  (1). 


Reports concerning hydrolysis or stability of benzodi- 
azepinones (4-8) indicate that the open form in this series 
is usually unstable under the conditions required to hy- 
drolyze the diazepinone ring, so it does not permanently 
accumulate. In addition to the ease of hydrolysis, other 
characteristics associated with the reaction of the pyra- 
zolodiazepinones in aqueous solution are sufficiently dif- 
ferent from those of the benzodiazepinones to warrant 
further study. 


EXPERIMENTAL 


Reagents-All chemicals used to prepare 0.1 and 0.05 M acetate, ci- 
trate, phosphate, and borate buffers of known pH values were reagent 
grade and were used without further purification. Hydrochloric acid 
solutions were prepared from prestandardized volumetric solutions'. The 
solvents for equilibrium studies, including hydrochloric acid solutions 
and various buffers, were adjusted to an ionic strength of 0.3 with po- 
tassium chloride. 


Compound Ia was from an experimental batch2 with a purity of 99.75% 
uia differential scanning calorimetric analysis. 4-(2-Aminoacetamido)- 
~-benzoyl-l-ethyl-3-methylpyrazole (IIa) dihydrochloride and l-ethyl- 
4,6- dihydro -3,4- dirnethyl-8-phenylpyrazolo[4,3-e][1,4]diazepin- 
5(1H)-one (Va)  were used as received3. 


Synthesis of 4-[2-(Methylamino)acetamido]-5-benzoyl-l-ethyl- 
3-methylpyrazole Hydrochloride (VI1c)-To a solution of Ia, 10 g 
in 100 ml of dichloromethane, 8 g of methyl fluorosulfonate was added 
dropwise over 5 min with stirring. The reaction mixture was allowed to 
stir for another 2 hr and was then poured into 1 liter of ether with stirring. 
The yellow precipitate was collected, rinsed with ether, and dissolved in 
160 ml of water. The resulting solution was washed with 3 X 30-ml por- 
tions of chloroform, and the washings were discarded. The aqueous layer 
was adjusted to pH 8 to obtain optimal turbidity with sodium hydroxide 
solution and subsequently extracted with 5 x 30-ml portions of chloro- 
form. 


The combined chloroform extract was dried over anhydrous sodium 
sulfate and filtered. Then dried hydrochloric acid gas was introduced into 
the chloroform solution until the turbidity was no longer increased. The 
solvent was removed in UQCUO using a flash evaporator. The residue thus 
obtained was recrystallized several times from acetonitrile to afford fine 
white needles, mp 187-188' dec., in a yield of 6.8 g (54%); UV (methanol): 


Anal.-Calc. for C I ~ H ~ ~ C I N ~ O ~ :  C, 57.05; H, 6.28; C1,10.53; N, 16.64. 
Found: C, 57.27; H, 6.21; C1, 10.57; N, 16.65. 


Determination of Methylation Site in VIIa-One gram of VIIc in 


z2:,x.5 = 1.23 x 104.  


1 Acculute standard volumetric solution, Anachemia Chemicals Ltd. 


:% Dr. H. DeWald, Chemistry Department, Parke, Davis & Co. 
RxX Lot 41201. 
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Ia: R, = H, n o  R, 
Ib :  R, = R, = H, charge = + 1 


Va: R,  = CH,, n o  R, 
Vb: R,  = CH,, R, = H, charge = +1 


VIII: R, =H,  R, = CH,, charge = +1 
IX: R, = R, = CH,, charge = +1 


R, 
CH, I 


IIa: R, = R, = H, n = 1 
IIb: R, = R, = H, n = 2, charge = +1 
IIc: dihydrochloride 


VIa: R,  = CH,, R, = H, n = 1 
VIb: R, = CH,, R, = H, n = 2, charge = +1 


V I h :  R,  = H, R, = CH,, n = 1 
VIIb: R, = H, R, = CH,, n = 2, charge = +1 
VIIc: hydrochloride 


25 ml of 0.4 N HCl was sealed in a 50-ml glass ampul and heated in a 
steam bath for 3 days. After cooling, the hydrolysis mixture was quanti- 
tatively transferred into a 250-ml separator with 20 ml of water. The re- 
sulting yellow solution was washed with 3 X 30-ml portions of chloroform, 
and the washings were discarded. The aqueous layer was then made al- 
kaline (pH >12) and washed with 3 X 30-ml portions of chloroform, and 
the washings were discarded again. The aqueous layer was neutralized 
with 2 N HC1 and evaporated to dryness in U ~ C U O  at  35O using a flash 
evaporator. 


The white solid thus obtained was repetitively treated with hot 
methanol, yielding an off-white powder. This compound showed only one 
TLC spot, which had the same characteristics as those of sarcosine when 
the sample was spotted on a silica gel plate4, developed in 2-propanol- 
water (7030) and 2-propanol-concentrated ammonia (7030), and de- 
tected by ninhydrin reagent. 


Synthesis of l-Ethyl-1,4,5,6-tetrahydro-3,4,7-trimethyl-5-0~0- 
8-phenylpyrazolo[ 4,3-e][ 1,4]diazepinium Iodide (1X)-Compound 
IX was prepared as follows. To a solution of Va (0.5 g in 4 ml of acetoni- 
trile) in a 50-ml glass ampul, a solution of methyl iodide (0.31 g in 1 ml 
of acetonitrile) was added dropwise over 2 min with shaking. The ampul 
was then sealed and heated in a steam bath for 3 hr. After cooling, the 
mixture was poured into 500 ml of ether with stirring. The yellow pre- 
cipitate was filtered, rinsed with ether, and recrystallized from the ace- 
tonitrile-ether mixture, giving a yellow crystalline powder, mp 230" dec., 
in a yield of 0.59 g (79%); UV (acetonitrile): c:j81 = 4.50 X lo3 and e301 = 


Anal.-Calc. for C17H~,IN40: C, 48.12; H, 4.99; I, 29.91; N, 13.21. 
Found: C, 47.92; H, 4.79; I, 29.50; N, 13.08. 


Determination of Methylation Site in IX-Compound IX, 0.45 g, 
in 20 ml of 0.4 N HCl was sealed in a 50-ml glass ampul and heated in a 
steam bath for 2 days. After cooling, the hydrolysis mixture was filtered, 
and the yellow filtrate was quantitatively transferred into a 60-ml sepa- 
rator with 10 ml of water. The yellow solution was washed with 3 X 20-ml 
portions of chloroform, and the washings were discarded. The aqueous 
layer was then made alkaline (pH >12) and washed with 3 X 20-ml por- 
tions of chloroform, and the washings were discarded again. The aqueous 
layer was neutralized with 2 N HCl and evaporated to dryness in U ~ C U O  


at 35" using a flash evaporator. 


1.12 x 104.  


Q1-F, Quantum Industries. 
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Figure I-Sequential UVspectra in 1.0 N HCI accompanying eyuili- 
bration of la. Reaction solution was 0.1 M citrate buffer, p H  4.0, p = 0.3. 
Spectra were obtained at  the following times: I ,  2 min; 2, 10 min; 3,20 
min; 4,40  min; 5 , l  hr; 6,2 hr; and 7, 72 hr. 


The yellowish-white solid thus obtained was repetitively treated with 
hot methanol, yielding an off-white powder. This compound showed one 
TLC spot, which had the same chromatographic characteristics as those 
of sarcosine when the sample was spotted on a silica gel plate4, developed 
in 2-propanol-water (70:30) and 2-propanol-concentrated ammonia 
(7030), and detected by ninhydrin reagent. 


Instrumentation-The pH measurements were made using direct 
reading, digital pH  meter^^,^. UV spectra were obtained using a recording 
UV spectrophot~meter~. 


pKa Determination of IIa-Portions, 107 mg, of IIa dihydrochloride 
were accurately weighed and quantitatively transferred to each of 10 
20-ml beakers. Distilled water, 15 ml, was added to a beaker, the com- 
pound was allowed to dissolve, and a known volume of 0.5 N NaOH 
(0-1.60 ml in 0.2-ml increments) was added. The pH of the resulting so- 
lution was recorded immediately after preparation (2 min) and periodi- 
cally thereafter for 7 min. This process was then repeated for each dif- 
ferent volume of 0.5 N NaOH added. 


The initial pH was determined by extrapolation of the pH uersus time 
curves obtained to zero time. A plot was then made of initial pH uersus 
alkali added, and the pKa was calculated as described by Albert and 
Serjeant (9). 


Spectrophotometric pKa Determination of la  and Va-A stock 
solution of la or Va in water, 1.8 X 10-3 M, containing 10% methanol was 
freshly prepared. Aliquots of 2 ml were diluted to 25 ml with hydrochloric 
acid solution, 0.01 M acetate buffer, and 0.01 M phosphate buffer, sep- 
arately, to cover the pH range of 1.3-7.3. The resulting solutions were then 
scanned from 400 to 220 nm uersus the respective solvents. The pKa's 
were then calculated from the absorbances at  300 nm as described by 
Albert and Serjeant (10). 


Equilibrium Studies-Approximately 0.08 mEq of Ia or IIc was ac- 


5 Model 701, Orion digital pH meter. 
6 Model DR, Sargent digital pH meter. 


Cary model 11 or 14. 
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Figure 2-UVspectra in 1.0 N HCl o f l a  (a ) ,  I I a  ( b ) ,  and equilibrium 
mixtures as produced at p H  5.0 (c) .  4.0 ( d ) ,  and 2.0 ( e ) .  


curately weighed and quantitatively transferred into a 50-ml volumetric 
flask. Then 1 ml of methanol was added to dissolve the compound. The 
reaction was initiated by bringing to volume with an adequate solvent 
or buffer of known pH and constant ionic strength (27", p = 0.3). At ap- 
propriate intervals, a 2-ml aliquot was withdrawn and diluted to 25 ml 
with 1 N HCI. The resulting solution was immediately scanned from 400 
to 220 nm uersus 1 N HCI using 1-cm silica cells. Spectra were obtained 
until they became redundant. Hydrochloric acid (1.0 N )  was used as the 
solvent for spectral measurement to avoid changes in spectra resulting 
from varying degrees of protonation and because it effectively quenched 
the reaction. 


Determination of Composition of Equilibrium Mixtures-The 
composition of equilibrium mixtures was calculated from the redundant 
spectra as follows: 


% 11 = 100 - % I  (Eq. 2) 


where a h r i ,  is the absorbance of the final dilution of the reaction solution, 
C is the initial molar concentration of In or IIc, 4.76 X 10' is the molar 
absorptivity of Ia in 1 N HCI a t  371 nm, [I] = [Ia] + [Ib], and [11] = [Ira] 
+ [IIb]. 


RESULTS AND DISCUSSION 


A preliminary study indicated that the UV spectrum of Ia, as deter- 
mined in aqueous buffers having a pH of 6 or less, changed quite rapidly. 
Although the rate a t  which the spectrum changed depended on the pH 
in a complex manner, the difference between initial and final spectra was 
regular and became greater as the pH diminished. 


Sequential spectra were obtained from reaction solutions of Ia main- 
tained a t  27' in buffers of known but varying pH (Fig. 1). Absorption a t  
371 and 300 nm decreased whereas absorption a t  266 nm increased con- 


Table  I-Composition of Equilibrium Mixtures (27") 


Equilibration of Ia Equilibration of Va 


PH f l l "  PH i V 1  


1.18 0.95 1.44 0.71 
2.10 0.95 
3.11 0.92 2.24 0.69 
3.76 0.89 3.04 0.62 
4.19 0.83 3.98 0.34 
4.80 0.55 5.05 0.07 
5.40 0.23 
5.80 0.12 
6.35 0.06 
7.20 0102 


Results a t  pH 1.18 and 2.10 were obtained by pularographic analysis. Ail other 
results were ohtained spectrophotometrically. 


currently until the spectra became redundant with time. The shape of 
the redundant spectra varied with the pH of the reaction solution (Fig. 
2). 


Solutions of Ia at  pH 1-6 were prepared and allowed to equilibrate until 
spectral redundancy was attained. The remaining portion of these solu- 
tions, after adjusting to pH 8.0, generated the spectrum of Ia. These re- 
sults, together with information from previous studies ( I ) ,  indicate that 
Ia undergoes a reversible reaction involving conversion of Ia to  equilib- 
rium mixtures containing 1 and 11. 


Additional evidence in this regard was obtained by studying the be- 
havior of IIc after exposure to the same conditions used to study Ia. As 
seen from Fig. 2, the spectrum of IIc closely resembled the terminal 
spectra obtained when la was allowed to equilibrate at pH 2.5 or less. 
Some difference, however, existed between these spectra. The terminal 
spectra had greater absorption in the 371-nm region and somewhat less 
absorption a t  the 266-nm maximum of IIa than would be expected if Ia 
were completely converted to 11. Furthermore, when IIc was allowed to 
equilibrate a t  pH 2.5-1.0, its spectrum changed slightly, and spectra 
identical to those obtained by equilibrating Ia at  the same acidic pH 
values were produced. 


Reaction solutions of TIC having pH 2.5 or greater produced redundant 
spectra which differed from those of IIa to an increasing degree as the 
pH increased. At pH 7.0 or higher, spectra consistent with. equimolar 
conversion of IIa to Ia were obtained. The same set of isosbestic points 
existed in the sets of spectra obtained from equilibration starting with 


0.81 


PH 


Figure 3-Plot of the cornpusition (Jf equilibrium mixtures versus pH 
(27'). Key: 0 ,  experimentally determined values for thr 1-11 system; 
and 0, experimentally determined values for the V-VI system. The  
solid lines are ualues calculated using Eq.  5 with K;; , = 1.13 X 10" M-I 
and K';-,,, = 6.1 X 1O6MM-I. 
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Ia (Fig. 1) as in the sets of spectra obtained from equilibration starting 
with IIc.  


The shape of the redundant spectra produced upon equilibration was 
pH dependent. Since UV properties of both Ia and IIa are known, the 
composition of equilibrium mixtures corresponding to these spectra can 
be calculated. Analysis of the redundant spectra produced a t  various pH 
values gave the results in Table I and Fig. 3. The fraction of total open 
and closed species present as open species at equilibrium, f l l  (see A p -  
pendix), increased in a sigmoidal fashion as pH decreased until, a t  pH 
values less than approximately 2.5, it became independent of pH but was 
not unity. 


Results obtained thus far may be explained on the basis of Scheme I, 
representing the simultaneous occurrence of three equilibrium reac- 
tions. 


Kd!P K’ & 
IIb F++ IIa + H+ + Ib + HzO - Ia + H+ 


Scheme I 


The reaction accommodates intermediate carbinolamine formation 
from the free base form of IIa and the protonated form of Ia (16) in accord 
with established mechanistic principles (11). The reaction is probably 
more complicated than is indicated by Scheme I and likely involves (1 1) 
the equilibria shown in Scheme 11. 


H H 


111 IV 
Scheme I1 


Intermediate compounds (111 and IV), however, were never present 
in detectable concentrations. The sets of isosbestic points observed in 
the complete conversion of I1 to I or virtually complete conversion of I 
to I1 (Fig. 1) were the same and explicable on the basis of a binary system 
consisting of only I and 11. Furthermore, the spectra of la in less reactive 
nonaqueous solvents such as acidified acetonitrile or methanol emulated 
those initially observed in water (Table 11). 


The net reaction resulting from the three reactions involving carbi- 
nolamine formation and dehydration is given as Scheme 111. 


K *  
IIa + H+=Ib  + HxO 


Scheme I I I  


The ring closure equilibrium constant, K*’, is then defined by: 


The equilibrium constant, K*’, which governs ring closure is actually a 
composite, being equal to the product K c a r t , K ~ ~ ~ 2  Kdehyd. 


Consideration of the equilibria involved in Scheme I leads to the fol- 
lowing expression8, which relates the composition of equilibrium mixtures 
to the hydrogen-ion concentration: 


The limiting forms of Eq. 5 are: 


Equations 6 and 7 are consistent with results obtained thus far in that 
they indicate that two regions of pH independence can exist, that the 


Table  11-UV Spectral  Properties of Various Compounds or Ions 


Com- 
pound 
or Ion Solvent h l a x  (loge) 


Ia 0.1 M ,  pH 7 phosphate buffer 305 s (3.55) 


I b  0.1 N HCI (aaueous) 300 (4.18). 371 (3.67) 
(aqueous) 


\ -  x - ~ -  ~ 
. ~~ ~~.~ 


I b  1.0 N HC1 (aqueousj 300 (4.18jI 371 (3.67) 
Ib Methanol, 0.1 N H&04 298 (4.14), 377 (3.67) 
Ib 98% Acetonitrile-2% 5 N HC1 300 (4.17). 377 (3.68) 


(aqueous) 
I- 0.1 N NaOH (aqueous) 346 (3.62) 


IIb 0.01 N HC1 (aqueous) 266 (3.997) 
IIb 0.1 N HC1 (aqueous) 266 (3.996) 
IIb 1.0 N HCI (aqueous) 266 (3.998) 
IIb 2.0 N HCl (aqueous) 269 (3.980) 
IIb 5.0 N HCI (aqueous) 272 (3.979) 
Va 0.1 M ,  pH 7 phosphate buffer 251 s (4.04), 305 s (3.52) 


(aqueous) 
Vb 0.1 N HCI (aqueous) 
V b  1.0 N HCI (aaueous) 


300 (4.17), 373 (3.66) 
300 (4.14). 372 (3.64) 


VIM 0.1 N HCI (aciueousj 266 (4.001) 
IX 98% Acetonitrile-2% water 301 (4.05), 381 (3.65) 


limiting values of f l l  need not be unity, and that the limiting value of f r l  
reached a t  more acidic pH values should be greater than the limiting value 
reached a t  less acidic pH’sY. Since Eq. 5 is in qualitative agreement with 
results obtained, it will be accepted as valid and tested further. 


The value of K*’, i e . ,  the net equilibrium constant for the equilibrium 
reaction between open and closed forms, can be calculated from Eq. 5 and 
the experimental results. At pH 5.5 or less, the hydrogen-ion concen- 
tration is much greater than the value of K;ib, so Eq. 5 reduces to: 


1 - = ( 1  + K*’Kil:) + K*’K;I)K1* 1 
f l l  ‘’ [H+] (Eq. 8) 


Equation 8 indicates that a lot of l / f ~ ~  uersus l/[H+] should be a straight 


known, K*’ can be calculated (Fig. 4). This method of calculating K*‘ uses 
data obtained at pH values a t  which the spectral measurement of f I I  is 
most accurate and avoids the analytical difficulty encountered when the 
redundant spectra, representing equilibration, are similar to those of 
IIa . 


When the value of K*’ (= 1.13 X lo6) as previously determined is 
substituted in Eq. 5, together with corresponding dissociation constants 
(Appendix) and values of f11 calculated by mathematically changing the 
hydrogen-ion concentration, the curve shown as the solid line in Fig. 3 
is generated. As seen, this curve closely approximates experimentally 
determined results1(’. 


The preceding considerations developed for the 11-1 system are general 
and can be applied to other diazepinone systems to interpret results and 
to compare corresponding equilibria. The utility of this approach to de- 
termine the influence of structural modification on the ring closure 
equilibrium constant, K*’, is illustrated by the following examples. 


The 4-N-methyl derivative of Ia, V a ,  behaves as does Ia in kind but 
not degree (Fig. 3 and Table I). The values of fvr, when plotted uersus 
pH, “break” a t  a lower pH, and the limiting value of /v1 attained a t  lower 
pH values is less than that for the system involving 11. Since the pKa of 
the open form of Va,  VIa, is similar to that of IIa, Eqs. 9 and 10 are 
valid: 


line whose slope is K*‘Ki\ B K i t .  Since the two ionization constants are 


K*’ (1-11 system) (Eq. 9) 


K*’ (VI-V system) = 5.4K*’ (11-1 system) (Eq. 10) 


This result indicates that substitution of a methyl group for an amido 
hydrogen results in approximately a fivefold increase in the value of the 
equilibrium constant governing ring formation. 


Some caution must be exercised in applying this conclusionsince if both K z p ” .  
K*’ and KglaYdK*’ are either very large or very small as compared to unity, there 
would be no observable difference between the limits as attained at more or less 
acidic pH values. 


lo  Polarographic analysis of the com osition of equilibrium mixtures produced 
a t  more acidic pH values indicate h f $ ”  = 0.95 rather than 0.93 as determined 
by UV measurement. * See Appendix for derivation and definitions. 
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Figure4-Plot of l / f l I  versus l/aH+. Slope of straight line obtained is 
4.6 X lo2.  The K;;-,, as calculated from this value, equals 1.13 X 10" 
M-1. 


The effect of replacing an amino hydrogen with a methyl group was 
likewise determined. To this end, VIIa was prepared, and preparation 
of VIII was attempted. Attempts to isolate VIII as a pure compound were 
unsuccessful, the end-product being contaminated with VIIa and other 
impurities. Nevertheless, studies done as before, using impure material, 
indicated that VIII was rapidly and completely hydrolyzed in aqueous 
solution, irrespective of pH. Corresponding studies with VIIa, which was 
isolable as a pure compound, confirmed these observations in that no 
significant ring formation was observed. 


The situation in this case is somewhat different than the general case 
because free base and protonated forms for the diazepinone no longer 
exist in equilibrium. The reaction involved can be represented by Scheme 
IV. 


KF1* K.';lI-VIII 
VIIb + VIIa t H+ VIII t HzO 


Scheme IV 


The following equation, derived as was Eq. 5 ,  would then relate fvIlo to 
hydrogen-ion activity: 


Equation 11 has the following limiting forms: 


(Eq. 12) 


(Eq. 13) 


As seen by examination of Eq. 12, for measurable coexistence of both open 


l0I i 
I I 


4i i 
' 1:O ' 112 ' 1:4 ' 4:s 


0.5 N NaOH, ml 


Figure li-plot of initial pH values obtained by extrapolation for par- 
tially neutralized solutions of Ilc. 


__-- Table 111-Dissociation Constants (27") 


Compound pKal KU 1 PKaz Ka 2 


Iba 3.54 f 0.03 2.89 x 10-4 11.4 f 0.05 3.98 x 10-12 
IIbh Very low Very high 7.39 f 0.06 4.07 X 10-8 
Vba 3.42 f 0.05 3.80 x - - 


VIIb* Very low Very high 7.74 f 0.05 1.82 X 


I' Determined spectrophotometrically. b Determined titrimetrically. 


and closed forms to occur, the term K ) l l l b K : : I , - ~ ~ ~ ~  must be significant 
compared with 1. The value of K:"* (Table 111) is somewhat less than 
the value of K;ib. If K;III were equal to K~II-V~II, this decrease in K, would 
account for an increase in the value of the limit in very acidic solution 
from 0.96 (as it is for the 11-1 system) to 0.98. It is apparent then that the 
values of K;i-I and K;,I.vI,l need not be different, despite the fact that 
fvrl is independent of pH and near unity. Certainly, no increase in the 
value of the ring closure equilibrium constant occurs. The primary reason 
for the observed difference in behavior between the 11-1 and VII-VIII 
systems is that no storage of an unreactive form of the pyrazolodiazepi- 
none can occur in the VII-VIII system whereas storage in the form of 
unprotonated I is allowed in the 11-1 system. 


CONCLUSIONS 


At near ambient temperatures, Ia and its 4-N-methyl derivative (Va) 
undergo facile reversible hydrolysis in aqueous solvents of pH 7.0 or less. 
Under these conditions, equilibrium mixtures consisting of the unhy- 
drolyzed diazepinones and corresponding open forms I1 and VI are pro- 
duced. The composition of equilibrium mixtures depends on the pH of 
the reaction solution and has been shown to be related to the hydrogen- 
ion concentration according to: 


The values of K*', the intrinsic closure constants for IIa and VIa, were 
calculated to be 1.13 X lo6 and 6.1 X lofi, respectively. Methylation of 
the amido nitrogen of IIa caused a significant increase in the value of the 
ring closure equilibrium constant. Methylation of the terminal amino 
group caused no corresponding increase and may not significantly in- 
fluence equilibrium. 


APPENDIX 


Dissociation Constants and Sites of Protonation-Other properties 
associated with I and I1 relate to this study and require determination. 
Among these are dissociation constants and protonation sites. This in- 
formation is pertinent to this equilibrium study as well as to a kinetic 
investigation to be reported later. In regard to the open form, 11, the de- 
termination of dissociation constant(s) is complicated by its instability. 
As has been established, I1 converts to I or equilibrium mixtures con- 
taining I in aqueous solution at 27'. To cope with this situation, the initial 
pH resulting from partial neutralization of the dihydrochloride salt of 
IIa was determined by extrapolation (see Experimental). The pKa of 
IIa (Table 111) was then calculated using pH values defined by the smooth 
curve (Fig. 5) drawn through these extrapolated pH values. 


As seen from Fig. 5,  IIc has two well-separated pKa values. The pH's 
observed during addition of up to 1 mole of sodium hydroxidelmole of 
the IIa dihydrochloride salt were the same as those obtained when an 
equimolar solution of hydrochloric acid was similarly titrated. The UV 
spectra of IIa, determined in hydrochloric acid solutions, showed no 
significant difference in cases where the concentration of hydrochloric 
acid was 1.0 N or less (Table 11). The pKa of 1,3-dimethylpyrazole was 
reported to be 3.11 (12). Since the 1,3-dialkylpyrazole ring present in IIa 
contains the benzoyl substituent, its pKa would be expected to be lower 
than that of 1,3-dimethylpyrazole. The presence of a positive charge 
would cause a further diminution of the pKa. These considerations in- 
dicate that the first. dissociation of diprotonated IIa involves proton loss 
from pyrazole nitrogens. The pKa associated with this process is very low 
and has a value less than zero. 


The second pKa, pKa:'", is much greater, indicating that a stronger 
basic site is involved. Since the pyrazole nitrogens have been excluded, 
this dissociation must involve the primary amino group of the acetamido 
chain. This conclusion is consistent with pKa values of C-carbamoyl- 
C-aminomethane compounds whose pKa's are reported to be 8.3-8.8 (13). 
The pKa of the model carbamoylaminomethane derivatives would be 
modified by substitution as present in IIa. 
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Ic I d  Ie  


Dissociation constants of Ia were determined spectrophotometrically. 
This procedure is preferred since the spectra of charged and neutral forms 
are significantly different (Table IV) and the time required for spectro- 
photometric measurement (with precautions) is short compared with the 
time required for significant hydrolysis (Table 111). The possibility that 
Ia might behave as a polyfunctional base was considered. Nonaqueous 
titration of Ia, using acetic acid as solvent and perchloric acid as titrant, 
indicated that only 1 mole of hydrogen ion was neutralized per mole of 
compound, so it could not behave as a polyfunctional base in aqueous 
solution over the pH region of interest. Compound Ia is, however, am- 
photeric. The second dissociation of Ib involves deprotonation from the 
diazepinone nitrogen in the 4-position since the 4-N-methyl derivative 
of Ia, V a ,  does not dissociate accordingly. 


Several tautomeric structures can be written to represent other species 
of Ia with no net charge that might exist in aqueous solution. Significant 
concentration of forms Ic-Ie, however, cannot exist because the U V  
properties of V a  (for which these tautomers could not exist) and Ia are 
very similar (Table 11). 


Evidence for the site of protonation of Ib is also available from com- 
parison of its U V  spectrum and that obtained from suitably methylated 
derivatives. The spectrum of Ib was significantly different from that of 
Ia and was characterized by absorption a t  near 300 and 371 nm (Table 
11). Compound IX (see Experimental) ,  which contains methyl groups 
on both 4- and 7-nitrogens, was prepared and had a U V  spectrum with 
essentially the same shape as Ib with maxima a t  nearly the same wave- 
lengths (Table 11). This result indicates that protonated Ia has the 
structure shown as Ib. Apparently, Ia behaves as do other benzodiaze- 
pinones in regard to proton addition (14). 


Derivation of fII-Let: 


T = [IIa] + [IIb]  + 11.1 + [ Ib]  (Eq. All  


Then: 
[IIa] + [IIb] 


f11 = 


KAib + [H‘] 
f l l  = KA:b + [H+] + Ki!PK*‘(KA: + [H+]) 
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Parameter for Assessing Parenteral Cleanliness 
Based on Particle-Size Distributions 


JAMES BLANCHARDq JOHN A. SCHWARTZ, and DALE M. BYRNE * 


Abstract 0 A new parameter for assessing the particulate matter content 
of large-volume parenteral solutions was developed and tested. Some 
problems and shortcomings associated with previously proposed stan- 
dards are discussed, together with the potential advantages of employing 
the proposed parameter. Cleanliness factors were compared with another 
parameter and were less susceptible to changes resulting from the method 
of measurement utilized and the premeasurement conditions encountered 
by the solution. The use of these cleanliness factors in conjunction with 
an automatic particle counter is proposed as a worthwhile supplement 
to the USP-NF standard for monitoring the quality of large-volume 
parenteral solutions. 


Keyphrases 0 Particle-size distributions-characterized in large-vol- 
ume parenteral solutions, cleanliness factor developed 0 Parenterals, 
large volume-particle-size distributions characterized, cleanliness factor 
developed 0 Dosage forms-large-volume parenterals, particle-size 
distributions characterized, cleanliness factor developed 


Particulate matter is defined as “extraneous, mobile, 
undissolved substances other than gas bubbles, uninten- 
tionally present in parenteral solutions” (1) and has been 
long recognized as a problem. Recently, official standards 
specified the allowable levels of particulate contamination 
(La. 


TO aid in the evaluation of the cleanliness1 of a paren- 
teral solution, an auxiliary parameter that would describe 
accurately the contamination level is needed. Several de- 
sirable characteristics of this parameter were described 
previously (3,4); it should provide a true measurement of 
particulate cleanliness that is not affected by the pre- 
measurement handling conditions, and it should indicate 
the correct degree of particulate cleanliness using various 
instrumental techniques. The method also should be rapid, 
nondestructive, nonsubjective, simple, inexpensive, easy 
to standardize, and, preferably, not require the use of a 
clean room. 


The present study was undertaken to develop such a 
parameter for the objective assessment of the relative 
particulate cleanliness of parenteral solutions. 


1 Throughout this article, the term “cleanliness” is used to denote the level of 
particulate matter. 


BACKGROUND 


Single-Point Standards-One early standard was proposed in 1966 
(5). The initial proposal was revised and formed the basis of the first 
provisional Australian standard (6), which stated that a parenteral so- 
lution should not contain more than 250 particledm1 exceeding 3.5 pm 
in diameter. In the same year, another suggested single-point standard 
stated that a parenteral solution should not contain more than 50 parti- 
cles/ml exceeding 5 pm in diameter (7). 


Single-point standards are validly subject to criticism on the basis that 
the particles counted exceeding a given diameter are not necessarily in- 
dicative of the number of particles exceeding another diameter. Single- 
point standards were based on the observation that log-log plots of N>D 
(the particle concentration exceeding the diameter, D )  uersus D (the 
particle diameter) were essentially linear and parallel to one another 
among the individual solutions examined (5). However the slopes of the 
log-log plots vary among individual solutions2 (6,8), thereby invalidating 
the use of single-point standards. 


Multiple-Point Standards-Recent attempts to establish standards 
focused on multiple-point determinations. As Kendall (9) noted, a 
standard should ideally be based upon the determination of the parti- 
cle-size distribution over a broad size range. This consideration formed 
the basis for an Australian standard proposed in 1966 (5), which limited 
the allowable levels of particles exceeding four particle diameters. This 
and other recently proposed multiple-point standards are shown in Table 
I. 


Multiple-point standards (as well as single-point standards) can be 
criticized on the grounds that the particle-size distribution may vary with 
the degree of agitation to which the solution is subjected (8,lO-12). An- 
other potential criticism is that the measurement of particle concentra- 
tions may not be obtainable using a single technique (i.e., instrumental, 
microscopic, etc.). If the particle diameters specified in the standard 
require measurement by more than one technique, the counts provided 
by each technique would have to correlate extremely well with one an- 
other. Besides introducing unnecessary uncertainty, this requirement 
would necessitate proficiency in more than one technique. 


The USP-NF standard (Table I) suggests the use of a membrane fil- 
tration and microscopic examination technique. In a practical sense, it 
is only suitable for counting particles larger than 10 pm in diameter (3, 
6). The Australian and British Pharmacopoeia standards do not prescribe 
a specific measuring technique. However, an electrical resistance counter 
or a light-scattering or light-blocking device is required, since these 
standards specify the counting of particles smaller than 10 fim in diam- 
eter. A recent version of the Australian standard (Table I), soon to become 
effective3, specifies the use of an instrumental particle counter operating 


2 J. Blanchard, J. A. Schwartz, and D. M. Byrne, J. Pharm. Sci.,  in press. 
3 C. E. Kendall, National Biological Standards Laboratory, Canberra, Australia, 


personal communication. 
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Table I-Some Standards for Particulate Contamination Levels 


Maximum Allowable Number of Particles per 
Milliliter of Various Sizes 


StandardTest 2.0pm 3.5pm 5pm lOpm 20pm 25pm 


USP-NF 
AustralianI" 1000 250 100 25 - 
Australian IIb - - 100 - 2 


2000 - 200 - BPIc 
BP5' 100 - 100 - 


- - - 50 - 5 
- 
- 


- - 
- - 


a See Ref. 3. * See footnote 2. c The BPI test refers to readings taken on one 
container, whereas the BP5 test refers to the average reading of five containers. 


0.5 


on the light-blockage principle and the counting of particles exceeding 
two diameters. 


Complex Standards-Ernerot (13) suggested the silting index de- 
termination as an alternative to  particle counting for evaluating partic- 
ulate contamination in large-volume parenterals. However, this method 
is not simple, either in theory or practice. While it offers certain advan- 
tages over other methods, it appears to be far from ideal because of the 
numerous assumptions involved. Further definitive studies might resolve 
some of these uncertainties. 


To alleviate some shortcomings of the single- and multiple-point 
standards, the particle-size distribution of the contaminants should be 
examined over as broad a size range as practical to ascertain the correct 
relationship describing the particle-size distribution. In previous studies2 
(3, 12), many samples (both individually and when averaged) closely 
adhered to a linear equation of the form: 


log N>I, = K log D + log N>i  (Eq. 1) 


where N>D is the number of particles per milliliter with a diameter larger 
than D, N>1 is the number of particles per milliliter with a diameter larger 
than 1 pm, D is the particle diameter in micrometers, and K is equal to 
the slope of the plot of log N>D versus log D. This equation previously 
was utilized to describe the particle-size distribution of contaminants 
in parenterals (6). Recently (12), the effects of agitation on the particle- 
size distribution of particulate contamination of parenterals were de- 
termined. An unequivocal characterization of the effects of agitation on 
the particle-size distribution of a parenteral solution must be obtained 
by simultaneously examining both parameters that describe the distri- 
bution (i.e., the slope and the intercept of the log N>D versus log D plot). 
A single parameter based upon the slope and the intercept of the log-log 
plot would specify accurately the degree of cleanliness of a parenteral 
solution. 


EXPERIMENTAL 


The particle-size distribution data of large-volume parenteral solu- 
tions* (1000 ml) were obtained by two methods: a nondestructive in- 
strumental technique, using an automatic particle counter6, and a 
membrane filtration and microscopic method similar to the USP-NF 
technique, which is a destructive method. The exact procedures followed 
and the method of data analysis are described elsewhere* (3,12). 


The six types of parenteral solutions examined were: (a )  5% dextrose 
in 0.45% sodium chloride, ( b )  normal saline, ( c )  5% dextrose in multi- 
ple-electrolyte solution6, ( d )  5% dextrose in normal saline, ( e )  5% dextrose 
in water, and (f) 5% dextrose in lactated Ringer's solution. These solutions 
were chosen on the basis of their extensive clinical use. 


- 
A 


RESULTS AND DISCUSSION 


Groves (6) attempted to relate the slopes and intercepts of the log N>D 
versus log D plots, which characterize the particle-size distribution of 
parenteral solutions, to their relative cleanliness. The form of Groves' 
postulated relationship is: 


log N>i  - 2.5 - - specific value (S) 
-K 


The S value was based upon the empirical observation that most 
parenteral solutions examined that passed a provisional Australian 


4 McGaw Laboratories, Glendale, CA 91201. 
5 Prototron, model ILI 1000, Spectrex Corp.. Redwood City, CA 94063. 
6 Isolyte M Maintenance with 5% Dextrose, McGaw Laboratories, Glendale, CA 


91201. 


4 McGaw Laboratories, Glendale, CA 91201. 
5 Prototron, model ILI 1000, Spectrex Corp.. Redwood City, CA 94063. 
6 Isolyte M Maintenance with 5% Dextrose, McGaw Laboratories, Glendale, CA 


91201. 


4.5 


4.01 


3.0 0 0  8" 
0 0  


0 z 


0 


1.5 


0 
0 


0 


0 


standard (+250 particleslml > 3.5 pm) would lie below an arbitrarily 
drawn line ( S )  having a slope of 0.5 and a y  intercept (point G) of 2.5 when 
log N>1 was plotted versus -K. Conversely, most solutions that failed 
this standard would lie above the line. This line (S) in Fig. 1 represents 
a family of straight lines on the log-log plot of N>D versus D (Fig. 2), all 
passing through the common point S' corresponding to 316 particles/ml 
>3.16 pm. Due to the arbitrary manner in which Groves admittedly de- 
veloped the S value and because some solutions examined in this study 
would have failed the Australian standard and yet passed the S value, 
and vice versa, the suitability of using another parameter to assess par- 
enteral cleanliness was investigated. 


The recently developed USP-NF standard (Table I) was examined 
in this context. If the values listed in this standard exhibit the linear re- 
lationship described by Eq. 1, then the slope and they intercept of this 
line shown in Fig. 2 are -2.5126 and 16,280 (log N>1 = 4.2116), respec- 
tively. These values are the coordinates of the point shown as the filled 
square (m) in Fig. 1. This point (m) was plotted and connected to point 
I, which represents a hypothetical particle-size distribution such that the 
log-log plot of N>D versus D (Fig. 2) has a slope of zero and a y  intercept 
of 5 (log N>1= 0.6990). The resultant line, Ci, in Fig. 1 can be described 
by: 


This line represents a family of straight lines on the log-log plot of N>I ,  
versus D, all passing through the common point C,' in Fig. 2 corre- 
sponding to five particledm1 >25 gm. This point was selected since it is 
representative of the USP-NF standard. 


Practically all commercially manufactured solutions examined would 
have passed a more stringent standard (3. Since the most contaminated 
of these solutions contained approximately one-fifth of the level of par- 
ticulate matter allowed by the USP-NF standard, the possibility of using 
a cleanliness factor based upon a fivefold reduction of this standard was 
investigated. A more stringent standard for evaluating parenteral 
cleanliness based upon averaged data is currently used in the BP (Table 
I and Fig. 2). This standard specifies a twofold reduction in allowable 
particles when averaging data from five solutions in contrast to data from 
individual solutions. Increased stringency for evaluating parenteral 
cleanliness when averaging data is reasonable, since the mean of a set of 
samples exhibits much less variability than individual samples. 


When this fivefold reduction of the USP-NF standard was plotted in 
Fig. 2, the slope and they intercept of the line were -2.5126 and 3255 (log 
N>1 = 3.5126), respectively. These values are the coordinates of the point 
(+) plotted in Fig. 1 and connected to point A, which represents a hy- 
pothetical particle-size distribution in Fig. 2 with a slope of zero and a 
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Table 11-Effect of Method of Measurement on the Cleanliness Factors 


Differences 
Cleanliness Factor Critical Method of Measurement in Cleanliness 


(CF) f SE" Value Microscoue Prototron Factor, % 


1.3979 0.8905 f 0.0456 1.1354 f 0.0742 27.5 


1.3979 0.5582 f 0.0571 0.8694 f 0.0619 55.8 


0.5000 -0.2978 f 0.0913 0.1842 f 0.0349 161.9 


a Although the parameters Ci and S were developed to evaluate individual solutions, the data shown were based upon an average of 36 individually calculated cleanliness 
factors to demonstrate clearly the overall effects of the method of measurement. 


y intercept of 1 (log N>1= 0). Line C, in Fig. 1 can be described by: 


(Eq. 4) 


This line represents a family of straight lines on the log-log plot of N > D  
versus D, all passing through the common point C,' in Fig. 2 corre- 
sponding to one particle/ml>25 rm. It is proposed that this cleanliness 
factor, C,, be used to evaluate the cleanliness of parenterals based upon 
averaged data for several solutions. 


Equations 3 and 4 describe the two lines shown in Fig. 1 denoted by 
Ci and C,, respectively, whose slopes are both numerically equal to 
1.3979. This number represents the critical value, i.e., the maximum al- 
lowable value of the cleanliness factors. Therefore, any individual solution 
whose Ci exceeds 1.3979 or a representative sample of a batch of solutions 
whose C, exceeds this critical value would fail the respective standard. 
Effectively, this approach means that any h e  joining point I in Fig. 1 with 
a point depicting an individual parenteral solution, or point A with a point 
depicting the average of several parenteral solutions, whose slope exceeds 
that of the Ci or C ,  lines would fail the respective standard. Since the 
relative distribution of particles is largely independent of the composition 
of the solution (3, lo), the cleanliness factors for the solutions were av- 
eraged without regard to solution type. 
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Figure 2-Particle-size distributions of the official standards and of 
the critical values of the cleanliness factors. Key: -.--.-, USP-NF 
standard; - +-+ -, fivefold reduction of USP-NF standard; -A-A-, 
BPI standard; -v-v-, BP~standard; -V-V-, Australian Istandard; 
-X-X-, Australian I I  standard; and - - -, particle-size distribution of 
the critical value of the respective cleanliness factor. 


The cleanliness factors were calculated as follows. A particle-size dis- 
tribution for a given solution was obtained by measuring the particle 
counts exceeding several diameters (1.000,1.259,1.585,1.995,2.512,3.162, 
3.981, 5.012, and 6.310 pm). These diameters were chosen to facilitate 
data analysis, since their logarithms are equally spaced. Equation 1 was 
fitted to the data points by means of a least-squares procedure. The slope 
( K )  and the intercept (log N>1) were determined and used to calculate 
the cleanliness factors described by Eqs. 2 4 .  The cleanliness factors were 
then compared with the critical values of the respective standards to 
determine whether the solution(s) examined passed or failed. 


As previously noted, one desirable feature of a parameter for assessing 
parenteral cleanliness is that it should be relatively independent of the 
method of measurement. Values for the two cleanliness factors, CF, 
proposed here (i.e., Ci and C,) were calculated using both microscopic 
and instrumental counting data based upon an average of 36 samples 
(Table 11). The percentage differences in the CF values due to the mea- 
suring techniques employed varied considerably and were calculated as 
follows: -- 


% difference = I CF' - CFMl  X 100 
CFM 


where CFI and CFM refer to the CF values based upon data obtained 
using the instrumental and microscopic methods of measurement, re- 
spectively. This method of calculation was used since it was desirable to 
compare differences resulting from the method of measurement with the 
accepted compendial (microscopic) technique (1). Both C; and C, clearly 
exhibited much lower percentage differences resulting from a change in 
the method of measurement than did Groves' S value. 


These observations, together with the standard error values reported 
in Table 11, clearly indicate that the cleanliness factor utilized by Groves 
is much more susceptible to variations resulting from different methods 
of measurement than either Ci or C,. Also, all cleanliness factors calcu- 
lated for the average of 36 solutions were less than their respective critical 
value. Thus, the data shown in Table I1 are indicative of solutions whose 
average cleanliness factor value would have been passed by all three pa- 
rameters (S, Ci, and C,)  using either microscopic or instrumental 
counting techniques. 


Another consideration in selecting a cleanliness factor is that it should 
be relatively independent of the conditions to which the parenteral is 
subjected prior to measurement (8,10,12). Table I11 shows the effect of 
various degrees of agitation on the three cleanliness factors based upon 
averaged data for 18 parenteral solutions. The percentage change in the 
three CF values resulting from different degrees of agitation also varied 
considerably1 and was calculated as follows: 


% change = 1 CFiGcFH( X 100 (Eq. 6a) 


- -  


or: 


where A refers to solutions stored in an undisturbed condition for 65 days, 
B refers to readings taken after these same solutions were inverted 20 
times by hand, and C refers to the same solutions subsequently shaken 
for 30 min at  140 excursions/min on a mechanical agitator7. This method 
of calculation was used since it was desirable to compare the differences 
resulting from the effects of agitation to the degree of agitation recom- 
mended in the compendial standard technique (i.e., 20 hand inver- 
sions). 


7 Model 6O00, Eberbach Corp., Ann Arbor, MI 48106. 
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Table 111-Effect of Agitation on the Cleanliness Factors 


Chance of Cleanliness Factor. % 


Degree of Agitation Stored (A) 30-min Shake (C) 


(CF) f SEa (A) ( B  1 (C) 20 Inversions ( B )  20 Inversions ( B )  
Cleanliness Factor 1 tore 30-mln a e versus versus 


0.9829 f 0.0715 1.0566 f 0.0685 0.9647 f 0.0918 7.0 8.7 


0.7402 f 0.0588 0.7722 f 0.0500 0.7285 f 0.0735 4.1 6.3 


0.0981 f 0.0447 0.1635 f 0.0295 0.1040 f 0.0407 40.0 36.4 


h N > 1  - c, -- 
-K 


-K 
log N>1 - 2.5 


-K 


log N>1 - 0.6990 - 


= S  


- ci 


a Although the parameters C; and S were developed to evaluate individual solutions, the data shown were based upon an average of 18 individually calculated cleanliness 
factors to demonstrate clearly the overall effects of agitation. 


Once again, the two cleanliness factors proposed here (i.e., Ci and C,) 
exhibited less variability (as indicated by the standard error values shown 
in Table 111) and significantly lower percentage changes due to agitation 
effects than did Groves’s value. This finding indicates that the S value 
is also much more affected by the degree of agitation (i.e., the manner 
in which the solution is handled prior to measurement) than either Ci 
or C.. The CF values calculated for the average of 18 solutions were all 
less than the critical values dictated by the respective standard, i.e., 
1.3979 for Ci and C, and 0.5 for S. Thus, the values shown in Table 111 
are indicative of solutions whose average cleanliness factor value would 
have been passed by all three parameters when subjected to any of the 
three agitation conditions. These findings indicate that the large-volume 
parenterals tested here contained considerably fewer particles than the 
USP-NF standard allows. 


For the 179 tests performed on parenteral solutions, perfect agreement 
was observed between the ability of a fivefold reduction of the USP-NF 
standard and the cleanliness factor for averaged data (C,) to pass or fail 
parenteral solutions correctly. A perfect agreement was also observed 
between the USP-NF standard and the cleanliness factor for individual 
solutions (Cc). In contrast, five solutions failed the provisional Australian 
standard from which Groves’ S value was developed, whereas the S value 
failed only one of these solutions. Furthermore, the S value failed one 
solution that would have passed this standard. This apparent inadequacy 
of the S value was likely related to the arbitrary manner in which Groves 
selected it. The Ci and C, values suggested here were based upon the 
USP-NF standard and a fivefold reduction of it, respectively. Thus, the 
correlation (observed here) between the cleanliness factors and the 
standard would be anticipated. 


The ability to obtain nondestructive readings in a short time would 
be advantageous when monitoring the cleanliness of batches of parenteral 
solutions, since a relatively large number of individual bottles could be 
averaged to obtain a representative sampling of the batch. However, the 
appropriate number of samples that should be averaged to ensure sta- 
tistical accuracy is difficult to state unequivocally, since the operational 
factors involved in the manufacturing process may vary from batch to 
batch. 


SUMMARY 


To characterize a particle-size distribution as accurately as possible, 
it is advantageous to obtain counts over a broad range of particle sizes. 
This method enables the particle-size distribution to be determined by 
statistical weighting procedures so that any unusual variation in counts 
at one particle diameter can be effectively “smoothed out” by using a 
least-squares fitting procedure of the entire particle-size distribution. 
When utilizing these techniques, a particle-size distribution can best be‘ 
described by specifying both the slope and the intercept of the log N > D  
versus log D plot (12). A parameter based upon both of these particle-size 
distribution characteristics was developed and is referred to as the 
cleanliness factor. The cleanliness factor for individual soiutions (Ci) 
was based upon the present USP-NF standard; the cleanliness factor for 
an average of solutions (C,) was based upon a fivefold reduction of this 
standard. 


An ideal cleanliness factor would not be affected by differences in the 
measuring technique employed or by the degree of agitation experienced 
by the solution prior to measurement. When the cleanliness factors de- 
veloped here were compared to Groves’s value, Ci and C, were indeed 
affected much less by both the degree of agitation and the measuring 
technique. 


A parameter based upon the total distribution of the particulate matter 
would reflect more accurately the true nature of a parenteral solution’s 
cleanliness than mere statements of the allowable concentration of par- 
ticles exceeding certain sizes. Since Ci and C, appear to be relatively 
independent of the measuring technique utilized, it is desirable that these 
cleanliness factors be used in conjunction with a rapid, nondestructive, 
and easy to operate instrument such as the one described here. The 
proposed cleanliness factors can be regarded as complementary, more 
effective, means of applying the USP-NF standard. 
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Method of Obtaining Drug-Macromolecule Binding Parameters 
Directly from Dynamic Dialysis Data 


PETER VENG PEDERSEN". MICHAEL J. CROOKS, and 
KENNETH F. BROWN 


Abstract A new method of treating dynamic dialysis data to obtain 
binding parameters for drug-macromolecule interactions is presented. 
This method allows the determination of binding parameters directly 
from dialysis data according to a theoretical model. It is not necessary 
to determine the dialysis rate constant accurately in a separate experi- 
ment, and bias is not introduced due to differentiation. The proposed 
method should be applicable where the drug is substantially bound to 
the dialysis membrane. 


Keyphrases 0 Drug-macromolecule binding-parameters obtained 
directly from dynamic dialysis data 0 Binding, drug-macromolecule- 
parameters obtained airectly from dynamic dialysis data Dialysis data, 
dynamic-drug-macromolecule binding parameters obtained directly 


The dynamic dialysis method for characterizing inter- 
actions of small molecules with macromolecules is well 
established (1-15) and has several advantages compared 
to equilibrium dialysis and ultrafiltration. A complete 
binding profile can be obtained rapidly in one experiment, 
and the method utilizes only a small macromolecule sam- 
ple. Since the method is based on a dynamic process, an 
equilibrium state does not need to be defined, and, com- 
pared to ultrafiltration, there is no change in the macro- 
molecule concentration. 


Meyer and Guttman (3) designed a dynamic dialysis 
method to characterize drug-protein interactions, but their 
method has some limitations. The experimental data must 
be differentiated to evaluate binding parameters, which 
may introduce substantial errors, particularly if the 
number of data points is limited. An empirical equation 
was used to fit dialysis data to obtain instantaneous rates. 
A recent publication (13) showed that the various empirical 
equations used can yield substantially different binding 
parameters. 


The technique of Meyer and Guttman (3) requires that 
the rate constant for dialysis be determined in a separate 
experiment in the absence of macromolecules. It is as- 
sumed that the same rate constant will apply in the pres- 
ence of macromolecules. This assumption may be unrea- 
sonable because the rate constant depends on several 
factors, such as the physicochemical state of the dialysis 
membrane (16,17), that may change between runs. 


Several compounds are significantly bound to the 
membrane material (5 , l l ) .  When using previous methods, 
it has not been possible to determine the dialysis rate 
constant and to account for the membrane binding in the 
determination of macromolecule binding parameters of 
such compounds. 


This paper presents a new approach. It rigorously de- 
scribes the total kinetics of the system in a form that en- 
ables binding parameters to be estimated accurately, di- 
rectly from dialysis data. I t  eliminates the need to deter- 
mine an accurate dialysis rate constant separately. The 
method does not rely on differentiation of experimental 
data and should be applicable to membrane-bound com- 
pounds. 


THEORY 


Consider an interaction between small molecules and macromolecules 
that can be described by the general binding expression: 


where U is the number of moles of small molecules bound per mole of 
macromolecule, n; is the number of binding sites in the ith class of sites, 
K ;  is the association constant for the interaction, and Df is the molar 
concentration of unbound small molecules. If a model with two classes 
0' = 2) is assumed, then the total concentration of drug, Dt, in the protein 
compartment is given by (5): 


If sink conditions prevail, the small molecules leave the protein com- 
partment by a first-order process: 


-- dDt - -KeDf 
dt 


where Ke is the dialysis rate constant. 
It is convenient to introduce a variable, s, defined as: 


do t  
dt 


s = - -  (Eq. 4) 


so that Df = SIK,, and Eq. 2 can be written: 


By taking the differential of this equation, noting dDt = -sdt, it be- 
comes: 


which, integrated from t = 0 to t ,  corresponding to s = SO to s, yields: 
1 +-ln ~ t = -1ns + PtnlKl [ K ,  ~ + Kls  Ke ( K ,  K l s )  1 1 1 I Ke 


If the following function is defined: 
1 +-ln - f ( x )  = -In x + PtnlKl  ____ 1 I 


Ke [X, + K ~ x  K ,  (X, :Klx)  1 
then Eq. 7 can be written more simply as: 


t = f(b-0) - f ( s )  (Eq. 9) 


The exact functional relationship describing the change of Dt with t is 
now described by Eqs. 5 and 9 in parametric form where the variable s 
is the parameter. With these equations, each value of s defines a unique 
pair of Dt and t values. 


The quantity SO is the initial (t  = 0)  value of -dDt/dt (Eq. 4), which 
would normally be determined by extrapolation. To avoid the errors and 
problems of such an extrapolation, it is convenient to define t = 0 at the 
first sampling time. In this way, SO is -dDt/dt at  the first sampling. 


To determine the binding parameters by nonlinear regression, it is 
necessary to define the exact functional relationship between Dt and t 
for any values of nl,  K1, n2, Kz, SO, and K,, which are changing during 
the nonlinear fitting procedure. This step can be performed by deter- 
mining the particular values of s that satisfy Eq. 9. These values are then 
used to determine the corresponding values of Dt by Eq. 5. 
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However, Eq. 9 cannot be expressed explicitly in terms of s, so some 
iterative procedure is needed to solve for s. The Newton-Raphson algo- 
rithm is particularly suitable because it is computationally compact and 
exhibits quadratic convergence. If 


ds )  = t - f(5-o) + f ( s )  (Eq. 10) 


then Eq. 9 can be solved by the Newton-Raphson method using the fol- 
lowing iteration': 


where the functions @ and 6' are defined by: 


(Eq. 12) 


and: 


For the algorithm (Eq. 11) to converge within a given number_of itera- 
tions, the initial estimates of s must not be too far from the s values for 
which Eq. 9 is satisfied. These initial estimates can, according to Eq. 4, 
be obtained as the (positive) values of -dDJdt estimated from the ob- 
served values of D, versus t .  Any simple technique for slope estimation 
can be used since the actual accuracy of the estimates is of no importance 
for the final result. 


These derivations for two binding classes can easily be extended to any 
number (j) of classes for which then: 


and 


t = -1ns 1 +P* k n i ~ ,  [ - + L l n ( L ) ] l s o  (Eq.15) I K ,  i = i  K ,  + K i s  K ,  K , + K , s  
and the iteration, Eq. 11, can still be used with 


1 P,K,  ' niKi $'(s) = - + - i (Eq. 16) K ~ s  s i = l  ( K e +  K ~ s ) ~  
and: 


Binding of Small Molecules by Dialysis Membrane-The outlined 
treatment is based on the assumption that binding occurs only to protein. 
However, some drugs, particularly those strongly protein bound, can 
become significantly bound to the dialysis membrane. This fact means 
that K ,  cannot be estimated from plots of In Dt versus t in the absence 
of protein using previous techniques because of curvature (Fig. 1). 


A special technique is required to estimate the dialysis rate constant, 
and the membrane binding must be taken into account in the treatment 
of the dialysis behavior of the small molecule-macromolecule system. 


Determination of K, and Membrane Binding Parameters in 
Absence of Macromolecules-The binding of small molecules to the 
membrane can often be considered as a Langmuir-type adsorption 
phenomenon (5), which is mathematically analogous to binding to a single 
class of sites, and can be described by: 


The function + is not defined for s 6 0. Therefore, it is necessary during the it- 
eration procedure to prevent s from taking a nonpositive value by defining s , + ~  = 
sJ2 if s,+ d 0 since + is a monotone increasing function of s because +' = f' > 0 (s 
> 0). 


-4-0 F\! 


C - 
-5.0 


-5.5 - 


HOURS 


Figure 1-Dynamic dialysis of glyburide in 0.067 M phosphate buffer 
in the absence of macromolecules at p H  7.4 and 37'. The tangents i l -  
lustrate a difference in the slope at t = 0 and t = 3 hr of 15%. 


where P is the amount of small molecules bound per amount of available 
membrane material, and K* is the association constant for membrane 
binding. The quantity n* does not have the same meaning as n previously 
defined but is introduced to establish a mathematical analogy leading 
to the following relationship between Dt and t ,  similar to Eqs. 14 and 15 
0' = 1): 


K's D t = L + -  
K ,  K , + K * s  (Eq. 19) 


and 


+-ln- 1'' (Eq. 20) t =  --Ins+----- 
1 K' K' I Ke K , + K * s  K, K , + K * s  


where: 
Mn*K* 


wv K' = - (Eq. 21) 


and M is the amount of membrane material available for binding, W is 
the molecular weight of the small molecule, and V is the volume of the 
protein compartment. Equations 19 and 20 can then be used to determine 
K ,  and the membrane binding parameters K* and K' in the absence of 
protein using the described technique. 


Determination of Drug-Macromolecule Binding Parameters in 
Presence of Membrane Binding-Once K,, K', and K* have been 
determined using this approach, it is possible to account for membrane 
binding and to determine parameters for binding to the macromole- 
.cule. 


Simultaneous binding to the membrane and the macromolecule leads 
to the following expressions: 


1 t =  ____ +-ln- +- lns  
( K , F K * s  i: K, ;K*s  K ,  


which enables the Dt,  t functional-relationship to be evaluated using the 
iterative procedure discussed. 


By comparing Eqs. 22 and 23 with Eqs. 14 and 15, it is seen that, in the 
presence of membrane binding, the dialysis behavior is mathematically 
analogous to a system where the small molecule is binding to two mac- 
romolecular species. 


EXPERIMENTAL 


The dynamic dialysis technique was described previously (3). TO 
evaluate the new method of data treatment, chlorpropamide was dialyzed 
from 1% bovine serum albumin in 0.067 M phosphate buffer, pH 7.4, at 
37' in the presence of a fixed free concentration of warfarin (1.6 X 
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Table I-Chlorpropamide-Bovine Serum Albumin Binding 
Parameters  Obtained in the  Presence of 1.6 X 
Warfarin bv the  New Method and Two Derivative Methods 


M Free 


Derivative Method 
Parameter New Method I” I1 b 


nl 2 1.94 5.28 
K1, M-’ 2.64 x 104 1.09 x 104 2.92 X lo3 
ne 9 9.14 7.77 
g2, M-l 1.94 X lo2 1.86 X lo2 3.61 x 10-5 


SSC, m ~ z  2.60 x 10-3 15.0 x 10-3 5 . 5 0 ~  10-31 
K,, hr-l 0.714 0.711 0.711 


A fourth-order least-squares polynomial was used to estimate -dDt /d t .  The 
binding parameters were calculated by the method of Hart (19) as used by Crooks 
and Brown (9). * The binding parameters were estimated by nonlinear regression 
analysis of U on D f ,  obtained by the method of Meyer and Guttman (3) from a 
three-exponential fittin of Dt uersus t data. c Sum of s uared differences (Figs. 
3-5) between observed f i t  values and exact theoretical va?ues calculated according 
to Eqs. 5 and 9 for the estimated values of nl, K I ,  n2, K I ,  and K,. 


M) maintained to within ~ W O  as described previously (12). Although 
warfarin displaces some chlorpropamide, the latter still appears t o  bind 
to two classes of sites (12). This system was selected so that such a model 
of two classes of sites could be appraised by the new data treatment 
method. 


M ,  and 
the external compartment was sampled at  0.25,0.5,1, 1.5,2,2.5,3,4,5, 
6, and 7 hr. Chlorpropamide and warfarin were estimated by differential 
UV spectrophotometry at  231 and 310 nm using simultaneous equations. 
Absorbances of each component were additive at  both wavelengths. 


Glyburide was dialyzed from 0.067 M phosphate buffer, pH 7.4, a t  37”. 
14C-Labeled material was used and assayed by liquid scintillation 
counting. All calculations were made to an accuracy of a t  least eight sig- 
nificant digits using a digital computer. 


The starting concentration of chlorpropamide was 3.62 X 


RESULTS AND DISCUSSION 


Data for the dialysis of chlorpropamide from bovine serum albumin 
in the presence of 1.6 X M free warfarin were treated according to 
the proposed method. Binding parameters nl, K1, n2, and Kz  and the 
dialysis rate constant K ,  were estimated using the function relating Dt 
and t given in Eqs. 5 and 9. This function was evaluated using Eqs. 11-13 
and 5, programmed in a subroutine that was executed with the highly 
interactive time-sharing Fortran program, FUNFIT, written for general 
nonlinear least-squares regression (18). 


The least-squares fit of the model with two classes of binding sites (Fig. 
2) agreed well with the experimental data ( r  = 0.99986). The binding 
parameters estimated by the method are summarized in Table I. The 


I 
0 2 4 6 


HOURS 


Figure 2-Dynamic dialysis data for the binding of chlorpropamide 
to 1 % bovine serum albumin at p H  7.4 and 37” i n  the presence of 1.6 X 
10-5 M free warfarin. The  curve fitted by least squares is the function 
relating Dtand t (Eqs. 5 and 9), which provides estimates of  nl, K1, n2, 
Kz, and K,. 


5.0 z 


3 
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-2 .5 0 L___ 2 HOURS 4 6 


Figure 3-Differences between observed Dt values and exact theoretical 
values calculated according to  Eqs. 5 and 9 for the values of nI, K1, n2, 
Kz, and K, (Table I )  estimated by the derivative method of Crooks and 
Brown (9). 


values for the number of binding sites, nl and n2, were so close to 2 and 
9 in a preliminary computation that their values were fixed as integers. 
Such a model has greater conceptual value, and the slight change in nl 
and n2 did not substantially alter the values of the other parameters. 


Also included in Table I are values for binding parameters estimated 
by fitting dialysis data to a fourth-order polynomial and then evaluated 
using a modification of the method of Hart (19) (Method I) as described 
elsewhere (9). Method I1 was that of Meyer and Guttman (3), where a 
three-exponential expression: 


3 


i = l  
Dt = C Ale-aat (Eq. 24) 


is used to fit dialysis data. By differentiation a t  various t values, a V versus 
Df  profile was constructed; the binding parameters were estimated by 
a nonlinear regression technique using Eq. 1. 


The dialysis rate constant, K,, used for the derivative methods of data 
treatment was determined in a separate experiment. 


There was good agreement between binding parameters determined 
using the new method and Method I, particularly for nl, n2, Kz, and K,, 
although K1 determined by the new method was somewhat greater. 
However, entirely different binding parameters were determined by 
Method 11, probably because of the choice of the empirical equation, Eq. 
24. The selection of this equation probably was based on a requirement 
for “smoothness” of the fitted curve and its first derivative. Although this 
requirement is satisfied, Eq. 24 does not have the same flexibility as a 
polynomial, which could be just as important. The flexibility of polyno- 
mials to approximate arbitrary functions is explained by the well-known 
Taylor series theorem. 


The  difference in flexibility is clearly demonstrated by fitting a 
fourth-order polynomial and Eq. 24 to exact dialysis data generated using 
the least-squares binding parameter estimates obtained using the new 
method (Table I)2. For the polynomial fitting, the Dt residuals (expressed 
as percent of calculated values) were 0.286, -0.217, -0.519, -0.0609, 
0.466, 0.779, 0.381, -1.49, -1.42, 3.14, and -1.12. For the triexponential 
fit, the values were 1.73,1.91,1.46,3.38,-1.19, -2.65, -3.91, -4.55, -2.19, 
3.10, and 10.7. 


These results show that the polynomial is considerably more flexible. 
The triexponential fitting resulted in significant systematic deviation 
in residuals, leading to a bias in the slope values and Dt values and, 
therefore, a bias in the final results. The residual sum of squares (mM2) 
were 5.85 X for the polynomial and triexponential 
fittings, respectively. 


A further disadvantage of using Eq. 24 is that multiple solutions are 
possible; this equation is nonlinear (in a)  and may result in several 
sum-of-squares minima. This is not the case with a polynomial, which 
has a unique least-squares solution. 


The fitting of Eq. 24 to the generated exact Dt, t data was repeated 
several times with different initial estimates for A; and a,, but the same 
solution was obtained each time, suggesting that this fit is the best pos- 


and 1.04 X 


The exact theoretical data used were simply the values calculated from the curve 
using the new method. Any other arbitrary values of the binding ammeters could 
have been used. Theoretical Dt, t data can readily be calculateffor given values 
of (01 )t=o, 11.1, K I ,  n2, KP ,  Pt, and K ,  by first employing Eq. 5 to get so and then using 
Eqs. 11-13 and 5. 
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Table 11-Binding Parameters Obtained from Exact Generated 
Dialysis Data Using Two Derivative Methods 


- I .  
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Figure I-Differences between observed Dt values and exact theoretical 
values calculated according to Eqs. 5 and 9 for the values of nl, K1, n2, 
K2, and K, (Table I )  estimated by the derivatiue method of Meyer and 
Guttman (3) .  


sible using the triexponential equation. However, the use of a least- 
squares polynomial to represent dialysis data is expected to be less 
suitable than the triexponential when experimental errors are large or 
significant “gaps” exist between observation points because the ordinary 
least-squares polynomial fitting completely disregards derivative values. 
The derivative values are commonly in large error a t  the first and last 
observation points and just before or after gaps in the data. 


This disadvantage of polynomials can be reduced considerably by 
imposing constraints on the derivative values by using least-squares 
spline polynomials. Such polynomials compete favorably with Eq. 24 on 
data with large errors and gaps, particularly considering the fact that the 
problem of multiple minima, using Eq. 24, is much larger for large residual 
problems. However, no matter which empirical equation is used, the re- 
sults obtained will theoretically never be as exact as those obtained using 
the true equation as in the proposed method. 


To investigate the bias introduced by Methods I and 11, the exact D t ,  
t profile was calculated for the parameter values (Table I) obtained with 
the two methods. The differences between the observed and calculated 
Dt values (Figs. 3 and 4) show that the residuals are significantly larger 
for those methods than for the new method (Fig. 5). The residuals from 
Method I are particularly biased in a positive direction (Fig. 3), although 
the pattern resembles that from the new method (Fig. 5). The residuals 
from Method I1 (Fig. 4) show an entirely different pattern, consistent with 
the fact that the binding parameters obtained using Method I1 fepresent 
an entirely different solution. 


A final check on the bias introduced by Methods I and I1 was made by 
applying them to exact Dt,  t data generated from the parameter values 
(Table I) obtained using the new method. Method I found binding pa- 
rameters relatively close to the true values, although K1 seems to be 
somewhat different (Table 11). Method I1 found an entirely different 
solution, similar to the one obtained using the real experimental data. 


The value for the dialysis rate constant, K,, estimated by the new 
method agrees very well with the value determined experimentally (Table 
I). As stated previously, this result may not always be true since the 
permeability of the membrane may change between experiments. 


Chlorpropamide does not appear to be significantly membrane bound. 
Figure 1 shows the kinetics of dialysis of glyburide in the absence of bo- 
vine serum albumin. The curvature indicates significant membrane 
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Figure 5-Differences between observed Dt values and exact theoretical 
values calculated according to Eqs. 5 and 9 for the values of nl, K1, n2, 
K2, and K, (Table I )  estimated by the proposed method. 


Estimated Values 
Parameter Exact Values Method I Method I1 
n ,  2 1.96 5.02 


3.04 x 103 Kl, M-1 2.64 x 104 1.21 x 104 


K2, M-’ 1.94 X lo2 1.74 X lo2 3.16 x 10-5 
n2 9 8.78 12.5 


K ,  = 0.714 hr-l, and Pt = 1.45 X M .  


binding. For this drug, it would not be possible to determine K, and the 
binding parameters using previous approaches. However, they can be 
determined by the new method in two ways: 


1. The membrane binding parameters K’ and K*, the dialysis rate 
constant K,, and the drug-macromolecule binding parameters ni and 
Ki can all be determined simultaneously and directly from experimental 
Dt,  t data by applying Eqs. 22 and 23. 


2. Since many parameters are involved in the first approach, it would 
be more reliable to determine K,, K’, and K* in a separate experiment 
in the absence of the macromolecule and then to use the K ,  value as an 
initial estimate with K’ and K* fixed as constants in the second experi- 
ment where ni and Ki are determined. 


As a result of these findings, the question naturally arises as to whether 
earlier reported binding parameters determined using previous tech- 
niques are valid. For certain combinations of binding parameters yielding 
a Dt versus t profile, some previous methods may give sufficiently ac- 
curate results. However, an excessively large number of simulation studies 
would be required to establish for which parameter combinations and 
sampling times previous methods are deficient. In general, the observer 
should not be too confident about the accuracy of the results obtained 
by previous approaches. 


Studies on the use of dynamic dialysis for membrane-bound drugs are 
in progress. 
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GLC Microanalyses of 
Phenacetin and Acetaminophen Plasma Levels 


M. A. EVANS and R. D. HARBISON” 


Abstract 0 A GLC method utilizing a flame-ionization detector is de- 
scribed for the simultaneous analysis of acetaminophen and phenacetin 
in plasma. p-Bromoacetanilide is used as an internal standard. The drugs 
are extracted with ether from plasma diluted with 1 M phosphate buffer 
(pH 7.4). The ether extract is evaporated to dryness under nitrogen, and 
the residue is dissolved in 300 pl of ethyl acetate. The ethyl acetate is 
transferred to a microcentrifuge tube (0.4 ml), and the sample is evapo- 
rated in a vacuum centrifuge. Then the residue is redissolved in 0.2 M 
trimethylanilinium hydroxide in methanol for GLC analysis. Extraction 
efficiency of added phenacetin and acetaminophen in plasma a t  con- 
centrations of 1-10 pg/ml was complete, and the limit of detection in 
plasma was less than 0.1 pg. 


Keyphrases 0 Phenacetin-GLC analysis in presence of acetamino- 
phen, plasma Acetaminophen-GLC analysis in presence of phenac- 
etin, plasma GLC-simultaneous analyses, phenacetin and acetami- 
nophen in plasma Analgesics-phenacetin and acetaminophen, si- 
multaneous GLC analyses in plasma 


Acetaminophen (I) and phenacetin (11) are commonly 
used analgesics available without prescription. Acute 
overdose with either compound can produce a dose-de- 
pendent, potentially fatal hepatic necrosis (1). Renal tu- 
bular necrosis and hypoglycemic coma also can occur (2). 
Chronic overdosage of I or I1 has been reported to produce 
blood dyscrasia including methemoglobinemia, hemolytic 
anemia, and thrombocytopenia (3). Thus, toxicity coupled 
with widespread use necessitates specific and rapid de- 
tection of the compounds in biological specimens. 


A sensitive and specific method for the estimations of 
I and I1 in plasma and urine by a GLC technique using 
trimethylsilyl derivatives was reported recently (4). 
However, it has a significant time requisite and absolute 
dryness is required to achieve effective silylating reactions. 
Furthermore, the continued use of silylating agents leads 
to rapid detector contamination. A GLC method for I 


NHCOCH, NHCOCH,, 
I I 


I I 
OH OC,H, 


I I1 


I11 


based on sequential alkylation, followed by on-column 
derivatization with trimethylanilinium hydroxide, also was 
demonstrated (5). This method is time consuming and 
specific only for I (5). 


Other reported methods for the estimation of I or I1 in 
biological specimens are nonspecific, lack sensitivity, or 
require a large sample volume (6-9). Therefore, a GLC 
method was developed for the rapid analysis of small 
amounts of I and I1 in plasma using an internal standard 
for quantitation. The sensitivity of this method was greater 
than 0.1 pg/ml of plasma for both compounds, and no in- 
terference was observed with peak identification. 


EXPERIMENTAL 


Apparatus-A gas chromatograph’ equipped with a flame-ionization 
detector was maintained with gas flows of 5,30, and 150 ml/min for ni- 
trogen, hydrogen, and air, respectively. A column oven temperature of 
165’ was used; the injection port and detector were maintained at  
300’. 


Column-A glass column, 2 m X 2 mm, was packed with 3% SP 2250 
on 80-100-mesh Chromosorb W, AW/DMCS2. Before packing, the col- 
umn was rinsed with methanol and acetone, dried, and conditioned 6 hr 
with a 10% solution of dimethyldi~hlorosilane~ in toluene to silylate re- 
active sites. Following silylation, the column was again rinsed with ace- 
tone and dried. 


Analytical Procedures-Plasma, 0.1-0.5 ml, was transferred to  a 
13-ml glass-stoppered centrifuge tube, mixed with the internal standard 
p-br~moacetanil ide~ (111) (10 pg/ml), and diluted with an equal volume 
of 1 M phosphate buffer (pH 7.4). The plasma was extracted with reagent 
grade ether (7 ml) by stirring on a vortex mixer (30 sec). The ether was 
transferred by disposable pipet to a dry, clean, 12-ml centrifuge tube and 
evaporated to dryness in a water bath (45’) using a nitrogen flow. Then 
the residue was dissolved in 300 pl of spectrophotometric grade ethyl 
acetate5 and transferred to a microcentrifuge tube6 (0.4 ml). 


The sample was taken to dryness under vacuum in a rotary vacuum 
centrifuge’ and redissolved in 4-8 p1 of trimethylanilinium hydroxide 
(0.2 M in methanolIs. Samples of 1-3 pl were injected into the gas chro- 


Varian model 2100. 
Supelco, Bellefonte, Pa. 
A 
AKich  Chemicals, Atlanta, Ga. 
Mallinckrodt Chemicals, St.  Louis, Mo. 
Brinkmann Instruments, Westbury, N.Y. 
Speed Vac concentrator, Savant Instruments, Hicksville, N.Y. 
Methulate, Pierce Chemicals, Rockford, 111. 


lied Science Laboratories, State College, Pa. 
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Figure 1-Gas chromatograms of human plasma (0.5 ml) .  Key: left, 
control plasma containing 5 pg of internal standard b e a k  B);  and right, 
plasma containing 2.5 p g  of I (peak A )  and I I  (peak C )  with 5 pg of I I I .  
Compounds I-III were chromatographed as methylated derivatives. 


matograph for analysis. A total of 30 samples was analyzed for the de- 
termination of the standard curve. Extraction efficiency was determined 
by GLC peak height comparison of plasma extracts and standards pre- 
pared in ethyl acetate. 


RESULTS AND DISCUSSION 


The GLC retention times for the N,O-dimethyl derivative of I, the 
N-methyl derivative of 111, and the N-methyl derivative of I1 were about 
7.0,8.0, and 9.0 min, respectively. A gas chromatogram from a control 
human plasma (0.5 ml) containing 10 pg of III/ml and plasma (0.5 ml) 
containing 5 pg of I-III/ml is shown in Fig. 1. Peaks for all three agents 
were symmetrical, so quantitation was made by comparison of peak 
heights. The detector response and calibration curve were linear for all 
three compounds over the 0.1-10-pg range. Blanks were prepared from 
plasma of drug-free subjects, and no peaks were observed that would 
interfere with the measurements of the compounds. 


Linear regression analysis of the individual data points from the 
standards plotted as the ratio of peak height drug/peak height internal 
standard versus plasma drug level gave computed slopes of 0.274/pg of 
I and 0.172/pg of 11. The correlation coefficient for I based on analysis 
of 30 samples was 0.990; for 11, it was 0.998. The intercept for both com- 
pounds within the regression analysis was less than 0.02. 


The extraction of both drugs from plasma was essentially complete 
within the 0.1-10-pg/ml range, and the reproducibility of the assay was 
good down to concentrations of less than 0.1 pg/ml of plasma. The mean 
recovery from 10 samples containing 0.1-10 pg of both compounds/ml 
was 97.8% (SE 4.2). No interference in peak height measurements was 
noted from plasma samples spiked with aspirin, caffeine, codeine, or 
barbiturates, allof which are likely to bein taken combination with I and 
11. 


The use of the rotary vacuum centrifuge allows the efficient concen- 
tration of the sample. Previous use of this instrument was primarily re- 
stricted to a radioenzymatic assay for neurotransmitters where sample 
size was necessarily limited (10). Application to routine drug analysis by 


GLC allowed up to a 20-fold increase in sensitivity of the assay. Fur- 
thermore, the instrument is designed for routine, multisample use, and 
the total assay time from plasma extraction to GLC was less than 1.5 
hr. 


GLC analysis of I was reported previously ( l l ) ,  but in the present 
studies the drug could not be chromatographed directly in low concen- 
trations without peak tailing and absorption losses. Flash heater meth- 
ylation with trimethylanilinium hydroxide gave a complete reaction for 
the internal standard and both drugs under the described conditions 
without degradation peaks. On-column methylation to a less polar de- 
rivative results in a much more volatile compound suitable for quanti- 
tative GLC analysis in the submicrogram range (12). The use of tri- 
methylanilinium hydroxide as a derivatizing agent also allows for rapid 
analysis without excessive detector contamination. 


Maximum plasma concentrations for six normal adults following in- 
gestion of 1 g of I ranged from 5.7 to 13.3 pglml. Acute ingestion of toxic 
amounts of I can produce a blood concentration above 100 pg/ml of 
plasma (13). Chronic intoxication with I and 11, however, can produce 
intermediate plasma concentrations, necessitating specific quantitative 
analysis. Additionally, in the normal individual, 75-80Y0 of administered 
I1 is rapidly metabolized to I, with peak plasma concentration of un- 
changed I1 occurring in about 1 hr and that of I occurring in 1-2 hr (1). 
This rapid method of analysis may be useful in correlating plasma levels 
with the prognosis of cases of intoxication and may be applied to the study 
of dosage regimens for both I and 11. 
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Urinary Excretion of Hydromorphone and 
Metabolites in Humans, Rats, Dogs, Guinea Pigs, and Rabbits 


E. J. CONEX, B. A. PHELPS, and C. W. GORODETZKY 


Abstract Hydromorphone was administered as a single dose to hu- 
mans, rats, dogs, guinea pigs, and rabbits, and timed urinary collections 
were made. GLC-mass spectrometric and GLC analyses of the samples 
revealed the presence of the parent compound and both 6-hydroxy ep- 
imers as metabolites in the urine of all species. Free or conjugated parent 
drug predominated, while levels of free or conjugated 60-hydroxy me- 
tabolite were higher than or equal to those of the 6a-form. The time 
courses of excretion of drug and metabolites were similar for all species, 
with the major portion being excreted in the first 24 hr. Generally, free 
and conjugated drug were undetectable in human urine after 8 and 48 
hr, respectively. 


Keyphrases Hydromorphone and metabolites-urinary excretion 
in humans, rats, dogs, guinea pigs, and rabbits 0 Excretion, urinary- 
hydromorphone and metabolites, humans, rats, dogs, guinea pigs, and 
rabbits Metabolites-hydromorphone, urinary excretion in humans, 
rats, dogs, guinea pigs, and rabbits 0 Narcotic analgesics-hydromor- 
phone and metabolites, urinary excretion in humans, rats, dogs, guinea 
pigs, and rabbits 


Hydromorphone (I) (dihydromorphinone) is a potent 
narcotic analgesic widely used for pain relief orally and 
parenterally. Its metabolism in rabbits is by conjugation 
and reduction to dihydromorphine (1). However, little is 
known regarding its metabolism and excretion in humans 
and other mammalian species. 


Since hydromorphone is structurally related to the 
narcotic antagonists naltrexone (11) and naloxone (111) 
whose metabolic profiles include C-6 reduction to both a- 
andlor P-hydroxy metabolites, depending on species, it was 
of interest to determine if analogous pathways existed for 
hydromorphone. This report describes the determination 
of free and conjugated hydromorphone and the 6-hydroxy 
metabolites dihydromorphine (Ia) and dihydroisomor- 
phine (Ib) in the urine of humans, rats, dogs, guinea pigs, 
and rabbits given single doses of hydromorphone. 


EXPERIMENTAL 


Reagents and  Chemicals-Reagent grade chloroform, 2-propanol, 
and methanol were used as received. Ethyl acetate was dried over calcium 


R, 
I 
I 


2 1  


HO R, 
I R1=CH,$=H,Rg=O 


11: R1= CHZ-, R2 = OH, R3 = 0 
111: R, 9 CHKH-CH2, R2 OH, R3 0 
Ia: R1 = CHa, R2 -H, R3 = .( H 


'OH 
Ib: R, P CH,,, R2 = H, R3 =(OH 


'H 


Table  I-Protocol for Animal Experiments 


Average Dose of I 
Species n Weight Hydrochloride, mg 


Guinea 6 998 g 
Pig 


Rat 5 462 g 
Dog 2 7.75 kg 
Rabbit 4 4.15 ke 


5 


5 
10 
5 


hydride. Compounds I', Ia2, and Ib2 were used as received. The drug 
purity was determined prior to the study by TLC, GLC, and GLC-mass 
spectrometry (2). 


GLC-A gas chromatograph3, equipped with a flame-ionization de- 
tector, was used with a 1.83-m X 2-mm glass column packed with 3% 
OV-225 on 100-120-mesh Gas Chrom Q. The injector, detector, and 
column oven were maintained a t  250, 260, and 215O, respectively. The 
air, hydrogen, and nitrogen carrier gas flows were 300,30, and 26 mllmin, 
respectively. The retention times (in minutes) of the trifluoro derivatives 
were 2.60 for I, 2.94 for Ia, 2.13 for Ib, and 3.56 for the internal standard, 
morphine. 


GLC-Mass Spectrometry-Chemical-ionization mass spectral data 
were obtained on a quadrupole gas chromatograph-mass spectrometer4 
equipped with a glass column (1.52 m X 2 mm) packed with 3% OV-225 
on 100-120-mesh Gas Chrom Q. The gas chromatograph was coupled to 
the mass spectrometer by a 0.31-cm glass-lined stainless steel tube and 
a venting valve. The electron energy was 80 ev. Methane, with a flow rate 
giving an ion source pressure of 1000 pm, was used as the carrier and re- 
agent gas. 


The temperatures of the injector, column, and ion source were 230,215, 
and looo, respectively. After sample injection, the venting valve was 
opened for 20 sec, allowing solvent and highly volatile substances to es- 
cape without entering the ion source. Selected ion recording was per- 
formed while focusing on mle 480,478, and 366 using a 1.8-kv multiplier 
setting. 


TLC-Compounds I, Ia, and Ib were applied to glass fiber sheets5 and 
eluted in a saturation-type chamber containing chloroform saturated with 
aqueous ammonia. Conditions in the chamber were allowed to equilibrate 
for approximately 10 min prior to elution. The Rf values for I, Ia, and Ib 
were 0.26,0.08, and 0.04, respectively. 


Sample Collections-The animals were housed individually in 
stainless steel metabolic cages equipped with urine collectors. Predrug 
control urine was collected the day before drug administration. A single 
dose of I hydrochloride was administered subcutaneously, and the urine 
was collected in 24-hr aliquots for 2 days. At the end of each collection 
period, the cages were rinsed with water, which was then added to the 
urine collection. Feces remained separated from the urine during col- 
lection and were discarded. The samples were centrifuged, decanted, and 
frozen until analyzed. The animal species, number in each experiment 
(n), average weight, and dose used are summarized in Table I. 


The human subjects were healthy, adult male, federal prisoners from 
whom informed consent was obtained. Their ages ranged from 25 to 46 
years. All were former narcotic addicts incarcerated a t  the National In- 
stitute on Drug Abuse Addiction Research Center. The subjects were drug 
free. Control urine from five subjects was collected for 24 hr before drug 
administration. Compound I hydrochloride (4 mg PO) was administered, 
and all urine waa collected for 144 hr, with collection periods ending a t  
2,4,8,12,24,48,72,96,120, and 144 hr after drug administration. 


All samples for each individual were pooled for each collection period. 


Knoll Pharmaceutical Co., Whippany, N.Y. 


Varian model 2700. 


Gelman I.T.L.C. type SG, Gelman Instrument Co., Ann Arbor, Mich. 


* Druk Addiction Laboratory, University of Virginia. 


' Finnigan model 3300 equipped with a Finnigan model 6000 interactive data 
system. 
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Figure 1-GLC-chemical-ionization mass spectral (methane) analysis of  drug in  human urine. Key: A, integrated total ion current chromatogram 
of urine extract derivatized with trifluoroacetic anhydride; IS, internal standard (morphine); B, spectrum 100 identified as the 6B-hydroxy metabolite 
of  1; C, spectrum 124 identified as I; and D, spectrum 143 identified as mixture of I and la. 
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During the first two collection intervals (postdrug), the subjects were 
requested to drink at least 240 ml of liquid to ensure adequate urine 
volume. No special food or water intake conditions were maintained 
thereafter. The urine volume was measured, and the samples were frozen 
until assayed. 


Extraction of Samples-Urine samples were acid hydrolyzed for 30 
min in 10% HCl in an autoclave at 1.27 kg/cm2 in a manner similar to that 
reported (3) for the acid hydrolysis of morphine. The free and acid- 
hydrolyzed samples were extracted as previously described for the 


100 200 300 
SCAN NUMBER 


Figure 2-Selected ion 
recordings (m/e 480, 478, 
and 366) of urine extracts 
f rom rat, guinea pig, dog, 
and rabbit as well as ex- 
tracted standards Ib, I ,  and 
la. 


analysis of I1 (4), with chloroform-2-propanol (91) substituted for the 
extracting solvent. The sample pH during extraction was maintained at  
10.0 f 0.02. 


The extract was evaporated to dryness in an acylation tubee, and 100 
p1 of trifluoroacetic anhydride’ was added. The tube was sealed and 


Re is Chemical Co., Morton Grove, Ill. ’ Adrich Chemical Co., Milwaukee, Wis. 
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Table 11-Recovery of Drug  and 6-Hydroxy Metabolites f rom Urine of Animals Given Hydromorphonea 


Ib 


I Ib Ia 


IS 


1 
Ia 


Free Conjugated Free Conjugated Total Free Conjugated 


Species(n) Day1 Day2 D a y l  Day2 Day1  Day2 D a y l  Day2 D a y l  Day2 Day 1 Day2 Day l  Day2 


Guinea pig (6) 33.2 0.8 10.7 0.6 18.7 0.4 0 0.2 8.1 0.2 0 0 70.7 2.2 
Rat (5) 8.4 0.7 17.0 2.4 0.6 0.1 0.8 0.3 0.7 0.4 0.2 nx 3 7 7  4 7  
Dog (2) 10.5 


2.0 0.2 3.8 0.9 0.2 0.1 0.7 6.1 21.8 6.8 Rabbit (4) 6.0 1.6 9.1 3.9 
36.6 6.9 Human (5) 5.6 0 29.9 6.9 - b -  b 1.0e o c  


""." 7." 


0 0 0.ld 0 


~ -.- _.I 
0.7 46.6 3.9 0.9 0.2 1.0 0 0.5 o 1 1 n n G O 6  A 9  


~ 


Values represent the means of triplicate determinations and are expressed as the percent of the administered dose. Levels of con.ugated drug and metabolites were 
determined by subtraction of free from total concentrations after acid hydrolysis. * Not determined. Value is based on one subject. Estimated by GLC-mass spectral 
determination. 


heated in an oil bath at 90-95O for 1-2 hr. After heating, the tube was 
cooled under tap water, and the mixture was evaporated to dryness under 
dry nitrogen a t  room temperature. Ethyl acetate (50 pl), dried over cal- 
cium hydride, was added; then the tube was resealed, shaken, and ana- 
lyzed by GLC or GLC-mass spectrometry immediately. Each sample was 
worked up just prior to analysis to prevent sample hydrolysis. 


pH Study-The effect of pH in the 8-12 range on the extraction of I, 
Ia ,  and I b was determined by extracting triplicate samples of each drug 
with chloroform and adding the internal standard in the final step prior 
to analysis. A pH range of 9.5-10.5 was optimum. 


Extraction Efficiency Study-The efficiency of chloroform uersus 
chloroform-2 propanol(S1) for extraction of I, Ia, and Ib at pH 10.0 was 
determined in a manner similar to that for the pH study. Peak height 
ratios of the extracted sample were compared to those of the unextracted 
substances. Percent recoveries f SE (n  = 6) for chloroform and chloro- 
form-2-propanol were 64.1 f 20.7 and 49.2 f 6.8 for I, 39.3 f 11.8 and 
64.0 f10.7 for Ia ,  and 25.8 f 8.2 and 66.8 f 8.1 for Ib, respectively. 


GLC Qiiantitation-Standard curves for I ,  Ia, and Ib were prepared 
by adding known amounts (0-50 pg of I and Ib and 0-12.5 pg of Ia as the 
free base) to predrug control urine containing morphine (40 pg) added 
as the internal standard. The samples were extracted with or without acid 
hydrolysis, derivatized, and analyzed by GLC. Linear relationships of 
peak height ratios of I, Ia, and Ib were observed for this concentration 
range. The standard curves for I, Ia ,  and I b  can be described by R = 
0.0374C - 0.0420, R = 0.0399C - 0.0032, and R = 0.0541C t 0.0017, re- 
spectively, where R is the peak height ratio of drug to internal standard 
and C is the concentration. 


Prediction limits were constructed from these data as generally de- 
scribed (5). Day-to-day variability of the analysis procedure was moni- 
tored by inclusion of standard control samples. Analyses in which the 
standard control samples fell outside the 95% prediction intervals were 
rejected. The samples from the untreated and acid-hydrolyzed urine were 
analyzed on the same curve since the standard controls taken through 
the hydrolysis and extraction procedures were within the prediction in- 
tervals. The reported values represent the mean of a t  least three deter- 
minations. 


RESULTS AND DISCUSSION 


Qualitative identification of hydromorphone ( I )  and the 6-hydroxy- 
metabolites in the urine of humans and animals was made by a series of 
GLC-mass spectral studies. Figure 1 contains a typical GLC-chemical- 
ionization mass spectral (methane) chromatogram and associated spectra 
obtained for a human urine extract. Compounds I (spectrum 124) and 
Ib  (spectrum 100) were identified by comparison of their retention times 
and chemical-ionization spectra with analytical standards. Small amounts 
of Ia (spectrum 143) also could be detected. 


Table 111-Order of Urinary Excretion of Hydromorphone and  
Metabolites within Species 


Species Relative Amount in Urine 


Guinea 
Pig 


Rat 


Dog 


Rabbit 


I > Ib  > conjugated I > Ia >> conjugated Ib 


Conjugated I > I >> conjugated Ib = Ia > Ib  > conjugated 


Conjugated I >> I >> Ib 2 conjugated I b  = conjugated Ia > 
Conjugated I > I > conjugated Ib > Ib  > conjugated Ia > 


Ia 


Ia 


la 
Human Conjugated I >> I >> conjugated Ib > conjugated Ia 


Screening of the animal urines (Fig. 2) for these metabolites was 
achieved by selected ion recordings of m l e  480 (M + 1 ion of Ia and Ib), 
478 (M + 1 ion of I), and 366 (M t 1 ion - CF&OOH of Ia and lb ) .  A 
detector response a t  these settings a t  scan numbers 200 (3.40 min), 250 
(4.23 min), and 285 (4.84 min) was characteristic of Ib, I, and la, respec- 
tively. Both Ib and Ia as well as I were present in the urine of all 
species. 


Quantitative studies on the urinary excretion of these compounds were 
performed using GLC. Figure 3 shows a sample chromatogram for a 
guinea pig urine extract, demonstrating the separation of I and the ep- 
imeric 6-hydroxy metabolites (Ia and Ib). By using the GLC method 
described, near baseline resolution was achieved for each component on 
the relatively polar OV-225 liquid phase. This method was used for the 
quantitative determination of these substances in urine as free and 
acid-hydrolyzable conjugates of I, Ia ,  and Ib in several animal species. 


Resolution problems were encountered only in human samples, where 
caffeine presented serious interference in the determination of the small 
amounts of Ib present. For these samples, prior elimination of the in- 
terfering peak was necessary and was accomplished by elution of the 
sample extract on glass fiber TLC with chloroform saturated with 


A 
GUINEA PIG 


CONTROL URINE 


B 
GUINEA PIG 


DRUG URINE 


I 


I I 1 I I I 


0 2 4 0 2 4 
MINUTES MINUTES 


Figure 3-Gas chromatograms of unhydrolyzed guinea pig urinary 
extracts derivatized with trifluoroacetic anhydride ( IS  is the  internal 
standard morphine.) 
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Table IV-Timed Urinary Excretion of Free and Conjugated Hydromorphone in Five Human Subjects" 
Subject J Subject W Subject I Subject M Subject D 


Hours Free Conjugated Free Conjugated Free Conjugated Free Conjugated Free Conjugated 


2 1.7 
4 
8 2.1 


- 


12 0 
24 0 
48 0 
72 0 


Total 3.8 


6.7 


16.8 
3.3 
6.0 
8.4 
0 


41.2 


- 
- b 


2.2 
2.1 
0 
0 
0 
0 
4.3 


- 0.5 
17.7 6.3 11.9 0.8 
6.3 1.0 4.4 0 


0 4.2 
3.5 0 19.7 0 


11.0 0 15.1 0 
0 0 0 0 


42.7 7.3 51.1 1.3 


- __ 


- - 


3.2 4.6 4.5 
4.6 5.7 4.8 
8.1 0 10.9 
1.8 0.7 0.8 
7.4 2.2 1.0 
0 0 0 
0 0 0 


25.1 13.2 22.0 


Values represent the means of triplicate determinations and are expressed as the percent of the administered dose. Levels of conjugated drug and metabolite were 
determined by subtraction of free from total concentrations after acid hydrolysis. * Sample was not produced. 


aqueous ammonia. The zone containing Ib  (Rf  0-0.1) was removed and 
extracted with methanol. Evaporation followed by derivatization and 
injection of the extract produced a chromatogram of Ib free of interfer- 
ences. No interferences were encountered in the determination of I and 
Ia . 


Solvent and pH effects on the extractability of the drug and metabo- 
lites were determined prior to the metabolic study. Optimal extraction 
efficiency was found for a chloroform-2-propanol mixture (91)  where 
about 50 and 65% recoveries were observed for I and the 6-hydroxy me- 
tabolites, respectively. The optimal pH for extraction was 9.5-10.5. 


The results of the urinary excretion study of single doses of I in animals 
and humans are shown in Table 11. Both free and conjugated I and the 
6-hydroxy metabolites Ia and Ib were detected in the urine of all species. 
As shown in Fig. 4, I was excreted predominantly as an acid-hydrolyzable 
conjugate (presumably glucuronide); in the guinea pig, however, free I 
(34.0%) was highest in amount followed by free Ib (19.1%) and conjugated 
I (11.3%). The order of excretion of drug and metabolites is illustrated 
in Table 111. 


Levels of free or conjugated Ib  were generally higher than or equal to 
those of the epimeric la  for all species. This result was reversed only for 
the rat, where levels of free Ia exceeded those of Ib in the Day 1 and 2 
samples (Table 11). Apparently, the reduction pathway leading to for- 
mation of 6-hydroxy metabolites of hydromorphone is relatively minor 
for the rat, dog, and human. Greater amounts of free and conjugated Ib 
were encountered for the rabbit (2.2 and 4.7%) and guinea pig (19.1 and 
0.2%). Levels of Ia were also highest for the guinea pig (8.3%). Overall total 
recoveries of drug and metabolite from urine ranged from lows of 28.6 
and 31.9% for the rabbit and rat to 65.4 and 72.9% for the dog and guinea 
pig. Total recovery of drug from humans was intermediate a t  43.5%. 


The time course of urinary excretion of drug and metabolite was similar 
for all species, with the major portion being excreted in the first 24 hr. 
Levels of drug and metabolite in the Day 2 samples were generally lower, 
ranging from 10 to 50% of the levels in Day 1 samples. The rat was an 
exception; levels of conjugated Ia ,  unlike Ib ,  increased in the Day 2 
sample. The apparent longer half-life of Ia versus Ib in the rat might be 
a result of enterohepatic recirculation of Ia. 


Excretion of free and conjugated I in human subjects was examined 
at timed intervals during Day 1 through Day 5. Table IV contains the 
excretion data for free and conjugated I for five subjects. Considerable 
intersubject variability existed. The initial urine sample of all subjects 
contained the highest drug concentration. Levels dropped rapidly, and 
I was undetectable in the free form after 8 hr for four of five subjects. The 
remaining subject had free I through 24 hr. Conjugated I was detectable 
in Day 2 samples for three of five subjects. 


With TLC for the elimination of the interfering substance, Ib was 
quantitatively determined for one subject. Only 1.0% of the administered 
dose was found. GLC-mass spectral screening of the human samples 
indicated that both Ia and Ib were present in all Day 1 pooled urine 
samples. The levels of Ia were consistently below the lower limits of 
sensitivity of the GLC met.hod (Fig. 1) and were estimated to represent 
approximately 0.1% of the administered dose. 


The relatively small amounts of la  and Ib (Fig. 4) found in rat, dog, 
rabbit, and human urine suggest that the contribution to pharmacological 
activity from these active metabolites would be minimal (Ia and Ib are 
approximately two-thirds and one-fifth as potent as I in producing an- 
algesia) (6). However, the amounts of free Ib and Ia in the guinea pig were 
considerably higher, and some pharmacological contribution by these 
metabolites is likely. This study demonstrated that the species studied 


CONJUGATED 
60- 0 DRUG 


50- FREE DRUG 
t 


GUINEA PIG R A T  DOG RABBIT 


Ib I a  
HUMAN 


Figure 4-Overall mean urinary excretion levels of f ree  and conjugated hydromorphone and 6-hydrowy metabolites in humans  and animals. 
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have the capability of metabolic reduction of I to both epimeric 6-hydroxy 
metabolites. However, considerable stereospecificity by the drug-me- 
taholizing enzyme(s) favoring formation of the 6B-hydroxy metabolite 
was observed for all species. This result is consistent with metabolic data 
reported for other 6-ox0 compounds containing the hydromorphone 
structure (2,4). 
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Abstract  0 Plasma level data on two investigational capsule formula- 
tions of propoxyphene with similar physicochemical parameters dem- 
onstrate that the formulations have different in uiuo bioavailabilities. 
The potential for bioavailability problems with water-soluble drugs and 
the lack of correlation of i n  uitro and in uiuo parameters for equivalent 
drug formulations are discussed. 


Keyphrases Propoxvphene hydrochloride-different formulations, 
hioavailability compared Bioavailability-propoxyphene hydrochlo- 
ride, different formulations compared 0 Analgesics-propoxyphene 
hydrochloride, different formulations, bioavailability compared 


With the recent expiration of the propoxyphene hy- 
drochloride patent, several pharmaceutical manufacturers 
have marketed a generic formulation of this drug. These 
manufacturers were required to assess i n  uitro parameters 
such as drug content and dissolution rate to assure 
equivalence to the innovator’s product. To date, no in uitro 
dissolution rate standard that has been shown to correlate 
with in vivo bioavailability has been developed. 


However, with digoxin, for which in vitro standards were 
used to assure product equivalence (through batch certi- 
fication), the Food and Drug Administration (FDA) clearly 
recognized that in uitro testing alone often does not ensure 
bioequivalence (1). This knowledge recently resulted in 
written bioavailability requirements for marketed digoxin 
products by the FDA (2). 


Propoxyphene hydrochloride is a readily soluble drug. 
A simple capsule formulation of this drug would generally 
be considered as having a very low potential for bioavail- 
ability problems. Usually, only drugs with low water sol- 
ubility are considered potential problems in formulating 
a readily available dosage form (3-5). The converse of this 
hypothesis ( i e . ,  soluble drugs have low potential for bio- 
availability problems) has not been investigated ade- 
quately. To ascertain possible bioavailability problems of 


drugs with high risk potential, the low risk potential drugs 
are rarely studied (6). 


Although propoxyphene hydrochloride is a very soluble 
drug, comparative bioavailability data should be obtained 
prior to marketing any new formulation. Even the finding 
of equivalent in vitro parameters should not be sufficient 
justification for assuming bioequivalence of two different 
formulations of the same parent drug without i n  vivo 
data. 


This paper reports the results of two bioequivalence 
studies in which two proposed marketed formulations with 
nearly identical i n  vitro parameters of potency and dis- 
solution rate were compared to the recognized standard 
propoxyphene product. 


EXPERIMENTAL 


Bioavailability Studies-The design for both studies was identical. 
In Study 1, 21 healty adult volunteers’ (14 males and seven females), 
averaging 23 years of age (range of 22-33 years) and weighing 68.6 kg 
(range of 52.2-86.4 kg), were selected. In  Study 2,24 healthy adult male 
volunteers, averaging 24.5 years (range of 19-51 years) and weighing 77.5 
kg (range of 61.4-89.1 kg), were selected. 


All subjects had normal screening vital signs (blood pressure, pulse, 
respiration, and temperature) and laboratory parameters (complete blood 
count, urinalysis, blood urea nitrogen, serum alkaline phosphatase, serum 
glutamic-oxaloacetic transaminase, serum bilirubin, and glucose). No 
subject received any barbiturates or other enzyme-inducing drugs for 30 
days, or any other medication for 7 days, preceding the start of the study. 
All subjects received only the medication prescribed in the protocol for 
the duration of the study. 


A t  zero time of each treatment period, each subject received single oral 
doses of medication2 as follows: Treatment A, one 65-mg hard-filled 
capsule of propoxyphene hydrochloride (test formulation); or Treatment 


1 Study was initiated with 22 subjects, but one subject was dropped before 


2 Identity of products is available from authors upon request. 
completion of the clinical phase. 
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Factors Influencing Decomposition Rate of 
Amitriptyline Hydrochloride in Aqueous Solution 


R. P. ENEVER", A. LI WAN PO, and E. SHOTTON 


Abstract The degradation rate of amitriptyline hydrochloride in 
buffered aqueous solution containing various additives was determined. 
The oxidation was a free radical-mediated process, and the rate was ac- 
celerated by the presence of metal-ion contaminants. Glass ampuls, 
particularly amber ones, in which the solutions were stored were the major 
source of these contaminants. Edetate disodium stabilized the solution, 
but the primary antioxidants propyl gallate and hydroquinone were less 
effective. Sodium metabisulfite accelerated the decomposition, and it 
is postulated that there was direct attack by metabisulfite a t  the olefinic 
double bond in the drug molecule. 


Keyphrases 0 Amitriptyline hydrochloride-degradation in aqueous 
solution, effect of metal-ion contaminants, edetate disodium, and anti- 
oxidants Degradation-amitriptyline hydrochloride in aqueous so- 
lution, effect of metal-ion contaminants, edetate disodium, and antiox- 
idants Metal-ion contaminants-effect on degradation of amitriptyline 
hydrochloride in aqueous solution 0 Edetate disodium-effect on deg- 
radation of amitriptyline hydrochloride in aqueous solution Antioxi- 
dants, various-effect on degradation of amitriptyline hydrochloride in 
aqueous solution 


A previous study (1) showed that amitriptyline hydro- 
chloride decomposes in aqueous solution, with the pro- 
duction of dibenzocycloheptanone, 3-(propa-1,3-dienyl)- 
1,2:4,5-dibenzocyclohepta-l,4-diene, and 3-(2-oxoethyli- 
dene)-1,2:4,5-dibenzocyclohepta-1,4-diene. Subsequent 
work concerned the identification of factors influencing 
the rate of this oxidative process. The present report out- 
lines this work and describes the use of chelating agents 
and antioxidants in stabilizing the system. 


EXPERIMENTAL 


Materials-The following chemicals were used: amitriptyline hy- 
drochloride', citric acid2, dibasic sodium phosphate dihydrate2, potassium 
chloride2, sodium hydroxide2, hydroquinone2, edetate disodium2, ferric 
chloride2, ether2, propyl gallate2, sodium metabisulfite2, and chlorpro- 
mazine hydrochloride3. 


The purity of amitriptyline hydrochloride was checked by the British 
Pharmacopoeia (BP) method (2), and the drug was used without further 
purification. The pH 3.0 and 5.0 McIlvaine citric acid-phosphate buffers4 
(3) were prepared with double-distilled water and adjusted to an ionic 
strength of 0.5 with potassium chloride. 


Assay of Amitriptyline Hydrochloride Solutions-The drug con- 
centration was determined by GLC5 using a 1.5-m (5-ft) X 0.6-cm 
(0.25-in.) i.d. glass column packed with 3% (w/w) SE-306 on 80-100-mesh 
Chromosorb W AW/DCMS6. The column temperature was 250° (injec- 
tion port setting 6.5); the flow rates of hydrogen, air, and nitrogen were 
80,300, and 50 ml/min, respectively. 


To produce a calibration curve for the assay, 1 ml of a 2-mg/ml solution 
of amitriptyline hydrochloride in the appropriate pH 3.0 or 5.0 buffer 
was pipetted into a 10-ml volumetric flask and 1 ml of a 2-mg/ml chlor- 
promazine hydrochloride solution (internal standard) was added. One 
milliliter of a 0.5-g/ml sodium hydroxide solution was added to liberate 
the bases, and the mixture was allowed to equilibrate with 7 ml of ether 


1 Merck Sharp and Dohme, Hoddesdon, Herts, England. 
Analar grade reagents, B.D.H. Chemicals Ltd., Poole, Dorset, England. 


3 May and Baker Ltd., Dagenham, Essex, England. 
The pH was checked with a model 290 Mk. 2 pH meter, Pye Unicam, Cam- 


5 Modes105 gas chromato raph equipped with flame-ionization detector, Pye 


6 Perkin-Elmer Ltd., Beaconsfield, Bucks, England. 


bridge, En land. 


Unicam, Cambridge, Englani 


overnight in a stoppered flask previously flushed with nitrogen. Subse- 
quently, 2 pl of the ethereal extract was injected into the chromato- 
graph. 


The procedure was repeated with amitriptyline hydrochloride solutions 
of 0.2,0.4,0.6,0.8,1.2, 1.4,1.6, and 1.8 mg/ml. A linear response (slope 
1.635) was obtained when the peak height ratio of amitriptyline to 
chlorpromazine was plotted against amitriptyline hydrochloride con- 
centration. The test solutions of amitriptyline hydrochloride were assayed 
in a similar manner. 


Assay of Iron in Aqueous Solution-The ferric content of the 
aqueous solutions was determined by atomic absorption spectroscopy7 
using an iron lamp and a wavelength of 2483 nm. A calibration curve was 
produced using freshly prepared solutions containing 1,2,3,4,  and 5 ppm 
of ferric ions in double-distilled water. Test solutions were assayed 
without further dilution. 


Degradation of Amitriptyline Hydrochloride Solutions-Aliquots 
of 2 ml of 0.2% (w/v) solutions of amitriptyline hydrochloride in pH 3.0 
or 5.0 buffer containing the appropriate additive were distributed into 
10-ml clear and amber glass ampulss and stored at  80' in constant-tem- 
perature water bathsg in the dark. Samples were withdrawn at  intervals 
up to 30 days and assayed for amitriptyline hydrochloride content. 


RESULTS AND DISCUSSION 


Figure 1 shows the results obtained for an amitriptyline solution sealed 
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Figure 1-Znfluence of metallic ions and edetate disodium on the de- 
composition rate of 0.2% ( w / u )  amitriptyline hydrochloride in p H  3.0 
buffer at 80'. Key: 0, containing 2 X loa4 M ferric ions; ., containing 
0.1 % (w/v) edetate disodium; A, containing 2 X M cupric ions; and 
0, control solution in amber ampuls (Batch BE242). 


7 Model 103 atomic absorption spectrometer, Perkin-Elmer, Beaconsfield, 


SNeutral glass, type Q (B.S.795:1961), Adelphi Tubes Ltd., London, En- 


9 SX 10, Grant Instruments, Cambridge, England. 


Bucks, England. 


gland. 
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Figure 2-Influence of glass type  and batch of ampuls on decomposi- 
t ion of 0.2% (wIu) amitriptyline hydrochloride in p H  3.0 buffer at 80'. 
Key: 0, clear glass ampuls (Batch 5018110R); 0, amber glass ampuls 
(Batch Hp65); A, amberglass ampuls (Batch Hp67); and V, amber glass 
ampuls (Batch BB242). 


under air in amber ampuls. An initial slow decomposition rate was fol- 
lowed by a relatively faster rate (k - 4.99 X day-'). Decomposition 
was not measurable when a similar solution was sealed under nitrogen. 
Thus, the data are consistent with a free radical oxidation mechanism, 
since such a reaction normally exhibits an initial lag phase during which 
free radicals accumulate. To confirm the process, the sensitivity of the 
reaction to catalysts and inhibitors was investigated. 


Addition of cupric acetate or ferric chloride (2 X M) to ami- 
triptyline hydrochloride solutions accelerated the decomposition rate 
(Fig. 1). The lag phase was removed with the ferric ions and greatly re- 
duced with the cupric ions. The rate constants for the rapid phase of the 
reaction were increased to 0.0564 and 0.0854 day-' with cupric and ferric 
ions, respectively. A reduction in the apparent activation energy of au- 
toxidation processes by metal ions is well known (4), and such a positive 
catalytic effect on the decomposition of pharmaceutical compounds also 
was reported (5,6). 


The decomposition rate of amitriptyline hydrochloride solutions was 
reduced significantly by the addition of 0.1% (wlv) edetate disodium prior 
to storage (Fig. 1). The results obtained with this chelating agent confirm 
that metallic-ion impurities are a major cause of degradation. The source 
of impurities was at first thought to be the buffer salts, since they can 
contain significant amounts of metallic-ion contaminants (6). However, 
in the present work, metallic impurities leached from the containers were 
more important. 


The iron content of amber glass ampuls is probably considerably 
greater than that of clear ampuls (7). Since amitriptyline is photolabile 
(8), however, such solutions probably would be stored in amber con- 
tainers. The effect of different batches of such ampuls on the degradation 
rate is shown in Fig. 2; the rate was much greater in amber ampuls than 
in clear glass and there was considerable batch-to-batch variation. The 
amounts of iron leached from one batchlo of amber ampuls into a 0.2% 
(wlv) amitriptyline hydrochloride solution in pH 3.0 buffer at 80° after 
1,8,16,19,23, and 30 days were 0.8,1.10,1.35,1.40,1.58, and 1.80 ppm, 
respectively. There was a linear increase in iron concentration with time 
(rate of 0.034 ppm/day). 


lo Batch HP65. 


1088 I Journal of Pharmaceutical Sciences 


'0 


I 
0 6 12 


DAYS 


Figure 3-Influence of addition of a decomposing solution or hydrogen 
peroxide to 0.2% (wlu) amitriptyline hydrochloride in  p H  5.0 buffer 
at 80' i n  amber ampuls (Batch HP65). Key: A, 2 ml of 0.2% (wIu) 
amitriptyline hydrochloride solution; 0 , 2  ml of solution prepared by 
adding 1 ml o f  decomposing solution to 99 ml of fresh 0.2% (wlu) ami- 
triptyline hydrochloride solution; and 0 , 2  ml of solution prepared by 
adding 5 gl  o f  30% (wlw) hydrogen peroxide to 100 ml of fresh 0.2% 
(wlu) amitriptyline hydrochloride solution. 


Further support for the postulated free radical oxidation was obtained 
by adding a small volume of a partially decomposed solution to a fresh 
amitriptyline hydrochloride solution. Figure 3 shows that the lag phase 
was removed, although the chain propagation rate changed little. A 
similar result was obtained by adding 5 pl of a 30% (wlw) hydrogen per- 
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Figure 4-Effect of antioxidants and sodium metabisulfite on the de- 
composition rate of 0.2% (w/u) amitriptyline hydrochloride in  pH 3.0 
buffer at 80°. Key; 0, control solution; A, containingO.0596 (wlu) propyl 
gallate; 0, containing 0.01 % (wlu) hydroquinone; and A, containing 
0.121 % (w/u) sodium metabisulfite. 







oxide solution to 100 ml of fresh 0.2% (w/v) amitriptyline hydrochloride 
solution. The hydrogen peroxide content was insufficient to cause this 
marked degree of decomposition by direct oxidation. 


Addition of 0.05% (w/v) of the antioxidant propyl gallate to an ami- 
triptyline hydrochloride solution initially caused a 10% fall in drug con- 
centration but subsequently completely stabilized the solution (Fig. 4). 
Hydroquinone, 0.01% (w/v), was less effective, since it abolished the lag 
phase and only appeared to slow the reaction after 15 days. The antiox- 
idants appeared to break the chain reaction. With propyl gallate at least, 
however, there was evidence of a direct reaction with amitriptyline hy- 
drochloride. 


The reducing agent sodium metabisulfite was not effective in stabi- 
lizing the solution. Figure 4 shows that 0.121% (w/v) sodium metabisulfite 
produced an immediate fall in the drug concentration and a subsequent 
acceleration in the decomposition rate. This process did not follow 
first-order kinetics a t  any stage. The concentration of sodium meta- 
bisulfite was equimolar with amitriptyline hydrochloride (6.37 X 
M), and the data fit a simple second-order kinetic plot. 


Bisulfite-mediated reactions were reported previously (9-13), and a 
reaction mechanism similar to the thiamine cleavage shown previously 
(14,15) is possible in the drug’s side chain. However, using the isolation 
and identification techniques outlined previously (l), dibenzocyclo- 
heptanone was the only decomposition product present, suggesting that 
direct attack at  the olefinic double bond in the molecule is more likely. 
Such an affinity for these bonds by sodium bisulfite was demonstrated 
and explained (16) on the basis of a free radical mechanism. 
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Polyamine Metabolism I: 
Synthesis of Dansyl Derivatives of 
N -  (Monoaminoalkyl) - and N -  (Polyaminoalky1)acetamides and 
Elucidation in Urine of a Cancer Patient 


MAHMOUD M. ABDEL-MONEMX and KOSEI OHNO 


Abstract 0 The dansvl derivatives of N-(monoaminoalkv1)- and N- outrescine in human urine. 
(polyaminoalky1)acetamides were synthesized and unequivkally char- 
acterized. TLC of the dansyl derivatives obtained from human urine 
indicated the presence of N-[3-[(4-aminobutyl)amino]propyl]acetamide 
(N’-acetylspermidine), N-[4-[(3-aminopropyl)amino]butyl]acetamide 
(N8-acetylspermidine), and N-(4-aminobutyl)acetamide (N-acetylpu- 
trescine) in appreciable amounts. The dansyl derivatives of N1-acetyl- 
spermidine, N8-acetylspermidine, and N-acetylputrescine were isolated 
and purified using various chromatographic methods. The mass spectra 
of these compounds were similar to those of authentic samples, which 
confirmed the identity of these compounds and established the presence 
of N8-acetylspermidine as well as N1-acetylspermidine and N-acetyl- 


The diamine l,$-butanediamine (putrescine) (I) and 
the polyamines N-(3-aminopropyl)-l,4-butanediamine 
(spermidine) (11) and N,N’-bis(3-aminopropy1)-1,4-b~- 
tanediamine (spermine) (111) are present in all animal and 
plant tissues, and at  least one of these is present in all mi- 
croorganisms (1). Studies of both normal and neoplastic 
rapid growth systems indicate that the synthesis and ac- 


Keyphrases 0 Polyamines-N-(monoaminoalky1)- and N-(polyami- 
noalkyl)acetamides, determined in human urine, dansyl derivatives 
synthesized 0 N-(Aminoalky1)acetamides-determined in human urine, 
dansyl derivatives synthesized 0 Dansyl derivatives-of N-(monoami- 
noalky1)- and N-(polyaminoa1kyl)acetamides synthesized TLC- 
determination, dansyl derivatives of N-(monoaminoalky1)- and N-  
(polyaminoalkyl)acetamides, human urine O High-pressure liquid 
chromatography-determination, dansyl derivatives of N-(monoami- 
noalky1)- and N-(polyaminoalkyl)acetamides, human urine 


cumulation of polyamines are elevated shortly after a 
stimulus inducing proliferation. Furthermore, the levels 
of these amines were elevated in the urine of cancer pa- 
tients (2-10). These amines are excreted in human urine 
mainly as conjugates, which yield the free amines after 
hydrolysis (2). 


Although several studies determined the levels of total 
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Isolation and Identification of 
Morphine 3- and 6-Glucuronides, 
Morphine 3,6-Diglucuronide, Morphine 3-Ethereal 
Normorphine, and Normorphine 6-Glucuronide as 
Morphine Metabolites in Humans 


S. Y. YEHX, C. W. GORODETZKY, and H. A. KREBS 


Abstract Morphine metabolites were isolated with column chroma- 
tography on a resin and neutral aluminum oxide and TLC from the urine 
of morphine-dependent subjects maintained on morphine sulfate at a 
dose of 240 mg/day. These metabolites were characterized as morphine 
%glucuronide, morphine 6-glucuronide, morphine 3,6-diglucuronide, 
morphine 3-ethereal sulfate, normorphine, normorphine 6-glucuronide, 
and, possibly, normorphine 3-glucuronide by free phenol and glucuronide 
tests, envymatic hydrolysis, GLC, TLC, UV spectroscopy, and GLC-mass 
spectrometry. 


Keyphrases 0 Morphine metabolites, various-column chromato- 
graphic and TLC isolation from human urine 0 Chromatography, col- 
umn-isolation of various morphine metabolites from human urine 0 
TLC-isolation of various morphine metabolites from human urine 0 
Narcotic analgesics-various morphine metabolites, column chromato- 
graphic and TLC isolation from human urine 


Studies with animals and humans have shown metab- 
olism of morphine by the following pathways: (a) conju- 
gation to give morphine 3-glucuronide, morphine 6-glu- 
curonide, and morphine 3-ethereal sulfate (1-8); ( b )  N -  
demethylation to yield normorphine, which was then 
conjugated (9-15); (c) 0-methylation to form codeine (16, 
17); and ( d )  oxidation to form dihydromorphinone (18). 
Recently, a minor metabolite, tentatively identified as 
morphine 2,3-quinone, was reported in the urine of rats 
given morphine and after incubation of morphine with rat 
brain homogenates (19). Also, one study was unable to 
confirm the conversion of morphine to codeine (20). 


Only morphine 3-glucuronide has been isolated as a 
marphine metabolite in humans (2), and a small amount 
of morphine 6-glucuronide was detected by TLC (5). The 
present paper reports the isolation and identification of 
morphine 3- and 6-glucuronides, morphine 3,g-diglucu- 
ronide, morphine 3-ethereal sulfate, normorphine, nor- 
morphine 6-glucuronide, and, possibly, normorphine 3- 


Sulfate, 


glucuronide from the urine of morphine-dependent human 
subjects. 


EXPERIMENTAL 


Materials and Subjects-The morphine sulfate USP used was a 
commercial product; normorphine hydrochloride was used as received1. 
Pseudomorphine and morphine N-oxide were synthesized according to 
the procedures of Fulton (21) and Freund and Speyer (22), respectively. 
Morphine 3-glucuronide, codeine 6-glucuronide, and morphine 3-ethereal 
sulfate were isolated from the urine of dogs and cats given morphine and 
codeine, respectively (3,9, 23). 


Four adult postaddict males2 were judged to be in good health from 
recent history and physical and laboratory examinations, including tests 
of hematological, renal, hepatic, and cardiac functions. The subjects had 
an average age of 33 years (range of 27-41) and an average weight of 66 
kg (range of 61-71). All subjects were given morphine sulfate injections 
in gradually increasing doses from 10 to 60 mg sc four times daily. Urine 
was collected from subjects during maintenance on morphine sulfate a t  
60 mg after several months and stored in a refrigerator. 


Extraction of Morphine and Its Metabolites-Morphine, nor- 
morphine, and other possible metabolites were extracted from samples 
according to the procedure described previously (14). Samples were ad- 
justed to about pH 10, buffered at pH 10.4 with 2 ml of 40% phosphate 
buffer (37% KzHPO4 and 3% KaPOd), salted, and extracted with 1,2- 
dichloroethane (glass distilled) containing 30% (v/v) 2-propanol. 


The organic phase was shaken with 1 N HCI; then the acidic aqueous 
phase was separated and adjusted to pH 10.4, buffered, salted, and ex- 
tracted again with the organic solvent. The residue obtained upon 
evaporation of the organic phase to dryness was used for TLC and GLC 
identification of morphine metabolites. For GLC identification, a de- 
rivative was prepared using 25% trimethylsilylimidazole in pyridine3. 


TLC-TLC was performed with either 250-pm silica gel plates with 
a preadsorbent area4 or instant TLC sheets impregnated with silica gel5. 


~ ~- 


I Courtesy of Dr. E. L. May, National Institutes of Health. 
Federal prisoner volunteers, incarcerated at  the National Institute on Drug 


Abuse Research Center. Informed consent was obtained in writing in the presence 
of a witness. 


3 Pierce Chemical Co., Rockford, 111. ' Quantum Industries, Fairfield, N.J. 
Gelman Instrument Co., Ann Arbor, Mich. 
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When silica gel plates with a preadsorbent area were used, samples were 
spotted on the preadsorbent area. The R j  value was calculated using the 
beginning of the silica gel section as the origin. Two solvent systems were 
used for development of the chromatograms: A, 1-butanol-acetic acid- 
water (35:3:10); and B, ethyl acetate-methanol-ammonium hydroxide 
(17:2:1). Chromatograms were visualized by spraying with iodoplatinate 
reagent. 


GLC-A gas chromatograph6 equipped with dual columns and dual 
flame-ionization detectors was used. A 0.9-m X 2-mm glass column was 
packed with 3%0V-17 coated on 60-80-mesh Gas Chrom Q. A 1.5-m X 
2-mm stainless steel column was packed with 3% SE-30 coated on 
100-120-mesh Varaport. The temperatures of the injector, column, and 
detector were 255, 220, and 295O, respectively; gas flow rates were 30 
ml/min for nitrogen and hydrogen and 300-400 ml/min for dried com- 
pressed air. 


GLC-Mass Spectrometry-Chemical-ionization mass spectral data 
were obtained on a gas chromatograph-mass spectrometer7 equipped 
with an interactive data systems and a glass column (1.5 m X 2 mm) 
packed with 3% OV-17 coated on Gas Chrom Q. The gas chromatograph 
was coupled to the mass spectrometer by a 0.31-cm (0.125-in.) glass-lined 
stainless steel tube and a venting valve. The electron energy was 80 ev, 
and the ion repeller voltage was 3 v. 


Methane with a flow rate giving an ion chamber pressure of about lo00 
pm was used as the carrier gas as well as the chemical-ionization reagent 
gas in the ion source. The temperatures of the injector, column, and ion 
source were 230,210, and looo, respectively. Aliquots of 3-5 r l  of the si- 
lylated sample were injected. After injection, the venting valve was 
opened for the first 30 sec, allowing excess derivatizing reagent and sol- 
vent to escape without entering the ionization chamber. 


Hydrolysis of Conjugated Metabolites-Conjugated morphine 
metabolites were hydrolyzed to free base alkaloids by acid hydrolysis, 
incubation with P-glucuronidase (type 11, bacterial powder)S, or incu- 
bation with @-glucuronidase-sulfatase10 according to a procedure de- 
scribed previously (14). After hydrolysis, the samples were adjusted to 
about pH 10, buffered, and extracted according to the described proce- 
dure. 


Glucuronic Acid Determination-The content of glucuronic acid 
in the conjugated morphine metabolites was determined according to 
the procedure of Dische (24). 


Free Phenol Test-Free phenol was determined by a modified pro- 
cedure of Volterra (25) using the reagent of Folin and Ciocalteu (using 
one-tenth of the volume of samples and reagents stated). 


Purification of Morphine Metabolites with Column Chroma- 
tography-Aliquots (200 mi) of urine from each subject were centrifuged 
to remove the insoluble material and passed at a flow rate of 2-4 ml/min 
through a resin'l column (2.1 X 40 cm) previously washed with methanol 
and water. The column was washed with 150 ml of distilled water and 
eluted with 300 ml of methanol. The first 100 ml of washing was dis- 
carded. The remaining washing and methanol eluate were collected 
separately and concentrated separately to about 2 ml under reduced 
pressure in an evaporator12 in a water bath at about 50". (All evaporations 
in these studies were done in this manner.) A total of 6 liters of urine was 
thus chromatographed through the resin. 


An aliquot of the methanol eluate was chromatographed on an instant 
TLC sheet, and the eluate was diluted with 15 ml of 5% NHIOH. Each 
5-ml aliquot of eluate was extracted three times with 15 ml of 1,2-di- 
chloroethane containing 30% 2-propanol. The organic and aqueous phases 
were separately evaporated to dryness, and the residue of the organic 
phase was dissolved in methanol. 


Organic Phase-An aliquot of the organic phase was chromatographed 
on an instant TLC sheet impregnated with silica gel, and the chromato- 
gram was developed with System B. The region with Rj 0.4 (0.3-0.5), 
corresponding to morphine 3-ethereal sulfate and morphine N-oxide, 
was eluted with methanol and water (Fraction I). The region with Rj 0.85 
(0.7-1.0), corresponding to morphine and normorphine, was eluted with 
methanol (Fraction 11). 


Another aliquot was concentrated, adsorbed on 10 g of neutral alumina, 
and added on a neutral alumina (50 g) column (2.1 X 150 cm). The column 
was sequentially eluted with 100 ml each of benzene, chloroform, acetone, 


6 Varian model 2700. 
7 Finnigan model 3300. 
8 Finnigan model 6000. 
9 Sigma Chemical Co., St. Louis, Mo. 


10 Glusulase, Endo Laboratories, Garden City, N.Y. 
l 1  Amberlite XAD-2, Rohm & Haas Chemical Co., Philadelphia, Pa. 
12 Buchler Instruments, Fort Lee, N.J. 


w 


Figure 1-Chromatogram of the methanol eluate obtained from a resin 
column on an instant TLC sheet impregnated with silica gel and de- 
veloped with I-butanol-acetic acid-water (35:3:10). 


acetone-methanol (5050), and 500 ml of methanol, and the eluate was 
collected in 20-ml fractions. Morphine and its metabolites in each fraction 
were monitored by chromatographing an aliquot (100 pl) on TLC silica 
gel plates with System B. Spots with Rj 0.4, corresponding to morphine, 
were observed in fractions 21-35. In addition to morphine, spots with Rf 
-0.2, corresponding to normorphine, were observed in fractions 26-30. 
Other spots whose Rf values did not correspond to any hypothesized 
morphine metabolites, probably due to nicotine and caffeine and their 
metabolites, were observed in fractions 15-19. 


The eluates collected in fractions 21-25, 26-30, and 31-35 were 
streaked on TLC silica gel plates, and the chromatograms were developed 
with System B. The regions with Rf 0.2 and 0.4 were separately eluted 
with methanol to yield Fractions 111 and IV, respectively. 


Aqueous Phase-The residue of the aqueous phase was triturated with 
methanol to yield methanol-soluble and methanol-insoluble portions. 
The methanol-insoluble material was recrystallized in aqueous methanol 
to yield Fraction V and a mother liquid, which was combined with the 
methanol-soluble portion. This portion was again evaporated to a syrupy 
residue and triturated with methanol to yield new methanol-soluble and 
methanol-insoluble portions. These processes were repeated several times 
to separate the maximum of the methanol-insoluble material from the 
methanol-soluble portion. 


The methanol-soluble portion was adsorbed on neutral alumina and 
placed on a 50-g neutral alumina column (2.1 X 150 cm). The column was 
sequentially eluted with 100 ml each of methanol and methanol-water 
(in proportions of 75:25, 5050, and 25:75) and, finally, with 500 ml of 
water. The eluate was collected in 20-ml fractions, and morphine and its 
metabolites were monitored by chromatographing 100-pl aliquots of each 
fraction on instant TLC sheets impregnated with silica gel. The chro- 
matograms developed with System A showed that fractions &9 contained 
one spot with Rj 0.85, corresponding to morphine; fractions 11-14 showed 
two spots with R/ 0.4 and 0.65; and fractions 17-35 showed four spots with 
Rf0.1,0.3,0.5,and0.6. 


The eluates collected in fractions 17-35 were evaporated to syrupy 
residues and triturated with methanol to yield methanol-soluble and 
methanol-insoluble fractions. The methanol-insoluble fractions were 
combined with Fraction V. The methanol-soluble fractions were chro- 
matographed on instant TLC sheets impregnated with silica gel (20 X 
20 cm), and the chromatogram was developed with System A. The zones 
corresponding to the spots with Rj 0.1,0.3,0.5, and 0.6 were horizontally 
cut off and eluted with aqueous methanol. The eluates were evaporated 
to dryness and crystallized from aqueous methanol to yield Fractions VI, 
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Table I-TLC, GLC, and Chemical-Ionization GLC-Mass Spectrometric Characterist ics of Morphine Metabolites Isolated from 
Human Urine 


~~ 


As Trimethylsilyl Derivative 
Chemical-Ionization GLC- 


Mass Spectrometry, m/e Glucu- 
Instant TLC, Rf  TLC, Phenol ronide GLC Rt ,  


Sample Solvent A Solvent B Solvent B, R, Test Test min M - 1 5  M + 1  M + 2 9  
Authentic: 


Morphine 
Normorphine 
Morphine 3-glucuronide 
Morphine 3-ethereal sulfate 
Codeine 6-glucuronide 


Fraction I 
Hydrolyzed 1 
Fraction I1 


Fraction 111 
Fraction IV 
Fraction V 
Hydrolyzed V 


Isolated: 


Fraction VI 
Hydrolyzed VI 
Fraction VII 
Hydrolyzed VII 


Fraction VIII 
Hydrolyzed VIII 


Fraction IX 
Hydrolyzed IX 


Fraction X 
Fraction XI  


0.85 
0.85 
0.3 
0.6 
0.5 


0.6 
0.85 
0.85 


0.85 
0.85 
0.3 
0.85 


0.1 
0.85 
0.3 
0.85 


0.5 
0.85 


0.6 
0.85 


0.4 


0.9 
0.85 
0 
0.4 
0 


0.4 
0.9 
0.9 


0.8 
0.9 
0 
0.9 


0 
0.9 
0 
0.9 


0 
0.8 


0 
0.85 


0.4 
0.2 
0 
0 
0 


0 
0.4 
0.2" 
0.4b 
0.2 
0.4 
0 
0.2" 
0.4 
0 
0.4 
0 
0.20 
0.4 
0 
0.4 


0 
0.2 


+ + - 
- 
- 
- 
+ + + + + 
+ + 
+ 
t + + + 
+ + 


- 


- 
- 


- 


6.0 
7.2 


6.0 


6.0 
6.0 


6.0 
7.2 
6.0 


7.2 
6.0 


6.0 


7.2 
6.0 


6.0b 
7.2" 


6.0" 
7.2b 


414 
400 


414 


414 
414 


414 
400 
414 


400 
414 


414 


400 
414 


414 
400 


414 
400 


430 458 
416 444 


430 458 


430 458 
430 458 


430 458 
416 444 
430 458 


416 444 
430 458 


430 458 


416 444 
430 458 


430 458 
416 444 


430 458 
416 444 


6.0 414 430 458 - - 0.6 0.4 0 
Hydrolyzed XI 0.85 0.9 0.4 + 6.0 414 430 458 - 


Minor. b Major. 


VII, VIII, and IX, respectively. The metabolite with R f  0.1, Fraction VI, 
could not be crystallized from methanol. After evaporation to dryness, 
this residue was triturated with ether and dried under vacuum to yield 
about 10 mg of hygroscopic material. 


The eluates collected in fractions 11-14 were concentrated and 
streaked on instant TLC sheets impregnated with silica gel and the 
chromatogram was developed with System A. The zones corresponding 
to R/ 0.4 and 0.65 were horizontally cut off and eluted with aqueous 
methanol. The eluates were separately evaporated to dryness, and the 
residues were dissolved in water to yield Fractions X and XI, respec- 
tively. 


RESULTS 


The chromatogram of the methanol eluate from a resin column de- 
veloped with System A showed five iodoplatinate positive spots with Rf 
values equal to 0.1 (unknown), 0.3 (corresponds to morphine 3-glucuro- 
nide), 0.5 (unknown), 0.6 (corresponds to morphine 3-ethereal sulfate), 
and 0.85 (corresponds to morphine) (Fig. 1). Results of TLC, GLC, 
GLC-mass spectrometry, and phenolic and glucuronide tests for all 
fractions are shown in Table I. 


Identification of Morphine 3-Glucuronide-A major morphine 
metabolite, located in Fractions V and VII, was isolated in crystalline 
form in a yield of 600 mg. The metabolite on TLC had the same RI values 
as authentic morphine 3-glucuronide and was negative in the free phenol 
test. Its UV spectrum in an alkaline medium did not show a bathochromic 
shift. This metabolite was positive in the glucuronide test and hydrolyzed 
with 6-glucuronidase to yield morphine, identified by TLC, GLC, and 
GLC-mass spectrometry. The ratio of glucuronic acid to morphine was 
about 1:l. Based on these data, the identity of this metabolite was es- 
tablished as morphine 3-glucuronide. 


Identification of Morphine 6-Glucuronide-The metabolite located 
in Fraction VIII was isolated in crystalline form in a yield of 40 mg. This 
metabolite was positive in both the free phenol and glucuronide tests. 
Its UV spectrum in an alkaline medium showed a bathochromic shift (Fig. 
2). After hydrolysis with acid or j3-glucuronidase, it yielded morphine and 
a small amount of normorphine (3-5%), identified by TLC, GLC, and 
GLC-mass spectrometry (Fig. 3). The ratio of morphine to glucuronic 
acid was about 1:l. The identity of this metabolite was thus established 
as morphine 6-glucuronide. 


Identification of Morphine 3,6-Diglucuronide-The metabolite 
located in Fraction VI was positive in the glucuronide test and negative 
in the free phenol test. After hydrolysis with acid or 6-glucuronidase, it 
yielded morphine, identified by GLC and GLC-mass spectrometry (Fig. 
4). The ratio of morphine to glucuronic acid was about 1:2. The metabolite 
was thus identified as morphine 3,6-diglucuronide. 


Identification of Morphine 3-Ethereal Sulfate-The metabolite 
located in Fraction XI  on TLC had the same Rf value as authentic mor- 
phine 3-ethereal sulfate, was negative in the free phenol and glucuronide 
tests, and was not hydrolyzed with 0-glucuronidase, but it was hydrolyzed 
with arylsulfatase to yield morphine, identified by TLC. The metabolite 
prior to or after hydrolysis and derivatization with 25% trimethylsilyl- 
imidazole in pyridine showed a peak having the same retention time and 


I FRACTION Pm IN 0.1 NHCL 
2. FRACTION IT IN 0.1 NHCL 
3. FRACTION Pm IN 0.1 NNaOH 
4, FRACTION R IN 0.1 NNaOH 


\\ 


01 . . . .  
230 240 250 260 210 280 290 300 310 320 330 


WAVELENGTH, nrn 


Figure 2-UV spectrum of Fractions VIII and I X  in 0.1 N HC1 and 0.1 
N NaOH. 
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Figure 3-Integrated total ion current chromatogram ( top )  of a n  ex- 
tract of hydrolyzed Fraction VIII as the trimethylsilyl derivative and 
mass spectra No. 119, identified as morphine, and No. 143, identified 
as normorphine. 


mass fragmentation pattern as morphine. Authentic morphine 3-ethereal 
sulfate, derivatized with 25% trimethylsilylimidazole in pyridine, also 
showed a peak with the same retention time as morphine. The result 
indicated that morphine 3-ethereal sulfate was probably hydrolyzed to  
morphine during the derivatization. 


The metabolite located in Fraction I on TLC had the same Rf value 
as morphine 3-ethereal sulfate as well as morphine N-oxide, was not re- 
duced with sodium bisulfite, was negative in the free phenol and glucu- 
ronide tests, and was tentatively identified as morphine 3-ethereal sul- 
fate. 


Identification of Normorphine-The metabolite located in Fraction 
111 on TLC had the same R/ value as authentic normorphine (Fig. 5). After 
derivatization with 25% trimethylsilylimidazole in pyridine or acetic 
anhydride, it showed a peak on GLC with the retention time and mass 
fragmentation pattern of normorphine (Fig. 6, lower panel). 


Identification of Normorphine 6-Glucuronide-The metabolite 
located in Fraction IX was positive in the free phenol and glucuronide 
tests. Its UV spectrum in an alkaline medium showed a bathochromic 
shift (Fig. 2). After hydrolysis with acid or P-glucuronidase, it yielded 
mainly normorphine and a small amount of morphine (5%), identified 
by GLC and GLC-mass spectrometry (Fig. 7). The ratio of normorphine 
to glucuronic acid was about 1:l. The Rf value of the metabolite (0.6) on 
instant TLC sheets, impregnated with silica gel and developed with 
System A, was close to that of morphine 3-ethereal sulfate (0.65). How- 
ever, when these two metabolites were cochromatographed, the chro- 
matogram showed two definite spots. The metabolite was identified as 
normorphine 6-glucuronide. 


Identification of Normorphine 3-Glucuronide-Fractions V and 
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Figure 4-Integrated total ion current chromatogram ( top )  of an er -  
tract of hydrolyzed Fraction VI as the trimethylsilyl deriuatiue and mass 
spectrum No. 118, identified as morphine. 


VII were hydrolyzed and extracted. The extract was chromatographed 
on T I C  and developed with System B. The chromatogram showed a 
major spot of morphine and a minor spot of normorphine (Fig. 5). The 
normorphine conjugate, crystallized together with morphine 3-glucu- 
ronide, had a different R/ value than that of normorphine 6-glucuronide 
and was enzymatically hydrolyzed with 0-glucuronidase. I t  was tenta- 
tively identified as normorphine 3-glucuronide. 


Analysis of Fraction X did not reveal any hypothesized morphine 
metabolites. 


DISCUSSION 


The finding of morphine 3- and 6-glucuronides in the urine of mor- 
phine-dependent subjects confirmed previous observations (2, 5). In 
addition to morphine 3- and 6-glucuronides, morphine 3,6-diglucuronide 
was isolated. In an earlier study on the metabolism of morphine in the 
dog (l), one morphine conjagate was crystallized from aqueous methanol 
and was identified as morphine 3-glucuronide dihydrate, but another 
conjugate was more polar and could not be obtained in crystalline form. 
It  was postulated to be morphine 3-ethereal sulfate 6-glucuronide. The 
amount of morphine conjugates was reported to account for 55-64% of 
the administered dose (14). 


Morphine 6-glucuronide could result from enzymatic conjugation in 
uiuo or hydrolysis of morphine 3,6-diglucuronide either i n  uiuo or during 
analysis, since the glucuronide conjugate a t  the 3-position hydrolyzes 
easier than that a t  the 6-position (26). Although the Rf value of isolated 
morphine 6-glucuronide on instant TLC sheets, impregnated with silica 
gel and developed with System A, was close to that of codeine 6-glucu- 
ronide, after hydrolysis of the isolated material followed by extraction 
and derivatization, analysis by GLC and GLC-mass spectrometry indi- 
cated only morphine and a small amount of normorphine but no co- 
deine. 


A previous study demonstrated that the administered morphine sulfate 
sample contained about 0.04% codeine (20), which could be biotrans- 
formed to morphine and norcodeine, which could then be conjugated (27). 
However, no codeine or norcodeine was found in the present study. The 
amount of these conjugates was probably too small to be detectable. The 
amount of morphine 6-glucuronide and morphine 3,6-diglucuronide was 
estimated to be about 1% that of morphine 3-glucuronide. 


Morphine 3-ethereal sulfate was isolated from the urine of humans and 
located in Fractions I and XI. The Rf value of the spot of Fraction I cor- 
responded to the values of both morphine N-oxide and morphine 3- 
ethereal sulfate. However, it was not reduced with sodium bisulfite, ruling 
out morphine N-oxide. Use of an authentic standard confirmed that 
morphine 3-ethereal sulfate could be extracted into the organic phase 
under the experimental conditions. The ethereal sulfate group of mor- 
phine 3-ethereal sulfate, like dopamine 3- and 4-ethereal sulfates (28), 
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Figure 5-Thin-layer chromatogram of the  organic phase, the  meth-  
anol-soluble and the  acid-hydrolyzed methanol-insoluble fractions on  
TLC silica gel plates developed with Sys tem B. T h e  methanol eluate 
of nicotine metabolites was obtained by chromatographing 200 ml o f  
drug-free cigarette smoker's urine through a resin column and treating 
it as for the  isolation of morphine metabolites. 


can be hydrolyzed during derivatization with 25% trimethylsilylimidazole 
in pyridine. The amount of morphine 3-ethereal sulfate was estimated 
to be about 1% that of morphine 3-glucuronide. 


Although N-demethylation of morphine in humans was reported using 
radioisotopes (9,15) and GLC (14), no report on the isolation of free and 
conjugated normorphine appears in the literature. The amount of free 
and conjugated normorphine was reported to account for about 1 and 496, 
respectively, of the administered dose (14). Normorphine conjugates, like 
morphine glucuronides, could exist in two forms: one conjugated as glu- 
curonide a t  the 3-position and the other conjugated a t  the 6-position. 
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Figure 6-Upper panel: mass spectrum (No. 34) of GLC peak for 
Fraction IV, identified as morphine. Lower panel: mass spectrum (No. 
126) of GLC peak for Fraction 111, identified as normorphine. 
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Figure 7-Integrated total ion current chromatogram ( t o p )  of a n  ex- 
tract of hydrolyzed Fraction I X  as t h e  trimethylsilyl derivative and 
mass spectra No. 116, identified as morphine, and No. 142, identified 
as normorphine. 
Normorphine 3-glucuronide was probably less soluble in methanol and 
crystallized together with morphine 3-glucuronide in aqueous methanol; 
normorphine 6-glucuronide, like morphine 6-glucuronide, was more 
soluble in methanol and was isolated from the methanol-soluble fraction. 
The present study was performed in morphine-dependent subjects. The 
extent of N-demethylation of morphine after acute administration in 
nondependent humans needs further study. 


Although dihydromorphinone was detected in the urine of various 
animal species given morphine (18, 29), dihydromorphinone was not 
detected in the urine of morphine-dependent subjects in the present 
study. 


The existence of morphine 2,3-quinone or 2-hydroxymorphine in the 
urine of humans is inconclusive. Samples were derivatized with 25% tri- 
methylsilylimidazole in pyridine and scanned for morphine 2,3-quinone 
or 2-hydroxymorphine by GLC-mass spectrometry, and no evidence of 
their presence was found. In the organic phase, an iodoplatinate positive 
spot with Rf 0.1 was observed on instant TLC sheets impregnated with 
silica gel and developed with both Systems A and B. This spot was dif- 
ficult to elute with methanol or water but could be eluted with 2.5% acetic 
acid in methanol. After derivatization with trifluoroacetic anhydride or 
25% trimethylsilylimidazole in pyridine, it did not show any peak on GLC 
at a high column temperature (275' for 30 min). No peak was observed 
with the solid probe of the mass spectrometer a t  300'. The chromato- 
graphic characteristics of this spot were similar to those of an authentic 
morphine 2,3-quinone sample13 (19). 


15 Obtained from Dr. Misra, New York State Office of Drug Abuse Services 
Testing and Research Laboratory, Brooklyn, N.Y. 
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Polymer Sorption of Nitroglycerin and Stability of 
Molded Nitroglycerin Tablets in Unit-Dose Packaging 


M. J. PIKALX, D. A. BIBLER, and B. RUTHERFORD 


Abstract The sorption of nitroglycerin by thermoplastic polymers 
and the stability of molded nitroglycerin tablets in strip packaging were 
studied. The polymers investigated varied greatly in their affinity for 
nitroglycerin, the order of decreasing affinity being: vinyls >> low density 
polyethylene > ionomers > high density polyethylene. With the proper 
choice of packaging, molded nitroglycerin tablets stabilized with povidone 
maintained acceptable potency for up to 2 years a t  26’ when strip 
packaged in unit doses. Chemical decomposition (hydrolysis) of nitro- 
glycerin also was investigated. Povidone accelerated the decomposition 
of nitroglycerin; at high temperature, decomposition was a significant 
factor in tablet stability for tablets containing povidone. 


Keyphrases Nitroglycerin-sorption by thermoplastic polymers and 
stability of molded tablets in various strip packages, effect of povidone 
0 Sorption-nitroglycerin by thermoplastic polymers in various pack- 
aging materials Stability-molded nitroglycerin tablets in various strip 
packages, effect of povidone 0 Packaging materials, various-sorption 
by thermoplastic polymers and stability of molded nitroglycerin tablets, 
effect of povidone Povidone-effect on stability of molded nitroglyc- 
erin tablets in various strip packages Tablets, molded-nitroglycerin, 
sorption by thermoplastic polymers and stability in various strip packages 
0 Dosage forms-molded nitroglycerin tablets, sorption by thermoplastic 
polymers and stability in various strip packages 0 Vasodilators, coro- 
nary-nitroglycerin, sorption by thermoplastic polymers and stability 
of molded tablets in various strip packages, effect of povidone 


Recently, the stability of nitroglycerin tablets has been 
studied extensively (1-4). Nitroglycerin tablets potentially 
can lose potency in four ways: chemical decomposition, loss 


to the atmosphere by vaporization, intertablet migration, 
and sorption by packaging materials. Nitroglycerin 
undergoes thermal decomposition at  elevated temperature 
(5) and may undergo basic hydrolysis (6). However, ni- 
troglycerin decomposition in tablets has not been dem- 
onstrated. 


At  2 5 O ,  the air space above nitroglycerin tablets contains 
1-7 pg of nitroglycerinfliter (41, the exact figure depending 
on the formulation. Thus, when nitroglycerin tablets are 
exposed to adequate circulation of room air, measurable 
losses in potency occur within a few days via vaporization 
(1, 2). Intertablet migration of nitroglycerin, resulting in 
decreased content uniformity upon aging, is a serious 
problem with conventional molded tablets (1,4). Because 
of the migration problem, stabilizing additives have been 
incorporated into tablets (1, 4). The stabilizing additive 
lowers the vapor pressure of nitroglycerin sufficiently to 
prevent most of the migration that would otherwise occur 
(4). 


Sorption of nitroglycerin by packaging materials may 
also have serious consequences for tablet stability (2-5,7, 
8). Conventional tablets strip packaged in an aluminum 
foil-low density polyethylene laminate lost 90% of their 
nitroglycerin to the package (7). Sorption losses were less 
for stabilized tablets (2). However, none of the strip 
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Influence of Granulation Liquid Flow Rate on 
Particle-Size Distribution in Spray-Granulated Products 


ASHOK MEHTA, KENNETH ADAMS, M. A. ZOGLIO", and 
J. T. CARSTENSEN* 


Abstract Granulations were made at  various air speeds and various 
rates of addition of granulating liquid in a spray-granulating assembly. 
The ensuing particle sizes were log-normal, and the data substantiate 
that the process is of the nature previously described. The mean diameter 
obtained was approximately proportional to the liquid flow rate squared 
but was independent of air rate. The standard deviation was independent 
of both parameters. 


Keyphrases Granulations, spray-effect of liquid flow rate on par- 
ticle-size distribution Particle-size distribution-spray granulations, 
effect of liquid flow rate Flow rate, liquid-effect on particle-size 
distribution in spray granulations [7 Dosage forms-spray granulations, 
effect of liquid flow rate on particle-size distribution 


The advantage of producing tablets from wet granula- 
tions was demonstrated previously (1,2). Wet granulations 
are traditionally batch processes (3), although some 
products are successfully produced by continuous pro- 
cesses (3-7). In general, batch processes lend themselves 
to better process control than do continuous processes, but 
this is not the case with wet granulations. The kneading 
action present in sigma-type mixers (and to some extent 
in V-type blenders) necessitates close time control, since 
overkneading produces granules that are denser (less po- 
rous) than optimum (8, 9). Granulations formed in a 
fluid-bed drier (4,7,10-12) are not subject to the kneading 
action, and dried granules are not particularly affected by 
attrition (13). Therefore, aside from the economic aspects 
of fluid-bed drying (whether batch or continuous), this 
process seems to be of great advantage. 


Zoglio et al. (13) described the dynamics of the fluid-bed 
drier. The particle-size distributions obtained by wet 
granulation and subsequent milling also were described 
(14,15). Some descriptions were published of distributions 
from a continuous drier (4,7). Dimensional and air kinetic 
parameter effects on several qualities of the spray-gran- 
ulated product were discussed (16,17). The purpose of this 
study was to explain the phenomena leading to experi- 
mental particle distributions (18,19) obtained in a batch 
fluid-bed granulator. 


EXPERIMENTAL 


Granulations were made of the following composition: 17.5% sucrose, 
69.9% lactose USP, 12.2% starch USP, and 0.4% pregelatinized starch. 
The powders (500 g) were placed in the basket of a spray granulator' and 
mixed for 5 min by air flow. The granulating liquid (water) was added 
at  various rates, and addition was continued for 5 min. The granulated 
material was then dried for 8 min. 


The temperature of the inlet air was 70" and the temperature of the 
outlet air was 36-44" for the first 6 min of drying. Drying was continued 
for 8 min, and the outlet temperature a t  that point was 44-46'. The 
moisture content of the granulations was determined by Karl Fischer 
moisture test and was 6-8% at  that point. 


1 Aeromatic spray granulator model STREA-I, Aeromatic AG, Farnsburger- 
strasse 6, CH-4132 Muttenz, Switzerland. 


Sieve analysis of the granulations was performed, and the percent 
undersize was caIculated. Several samples were discontinued after 2,4, 
and 6 min of drying; their particle size was determined and did not differ 
from that a t  8 min (Table 1). 


The water pressure and the nozzle setting can be changed to give dif- 
ferent granulation liquid flow rates; three such flow rates were employed 
at an air velocity close to the minimum fluidization velocity (48 ft3/min) 
and close to the entrainment velocity (58 ft3/min). 


Hardness of granules was tested as described previously (8,9). 


RESULTS AND DISCUSSION 
An experiment was run in which the material was wet granulated and 


the semiwet granulation was dried by a method comparable to that of 
Bhutani and Bhatia (20). The material was in the first falliig rate period, 
showing that an essential part of the drying (as expected) already was 
accomplished (3,9). 


Because the dilution of the binder solution has some effect when so- 
lutions are added (10-12,21,22), it was decided to add water to a mixture 
containing the binders (sucrose and pregelatinized starch) in the dry 
powder blend. 


Since wrong conclusions could be drawn if the particle-size distribu- 
tions were to change during the drying step, i.e., after the water addition 
is complete, this point was checked by stopping the process after 2,4,6, 
and 8 min of drying. The results shown in Table I indicate that the par- 
ticle-size distribution does not change during the drying step. The 
hardness (of a 14-mesh fraction) of granules made at a liquid flow rate 
of 23 ml/min after 2 min of drying was 80 f 40 g/mg and increased to a 
plateau level of 230 f 80 glmg after 4,6, and 8 min. 


Figures 1 and 2 show the particle-size distributions achieved at the 
various granulation liquid flow rates a t  the two different fluidization air 
rates. All distributions can be characterized as being log-normal. The 
least-squares f i t  parameters are shown in Table 11; the ordinate in this 
case is the normal standard deviate ( t )  corresponding to the cumulative 
percent over the diameter, and the abscissa ( x )  is the log of the diameter 
in micrometers. 


The mean diameter, as expected, increased with increasing fluid ad- 
dition rate; since the liquid was added over a certain time (5 min), a higher 
fluid rate essentially implies a larger total addition of water. Furthermore, 
although larger amounts of granulating liquid increased the diameter, 
the standard deviation of the population (the slopes of the plots in Figs. 
1 and 2) remained the same regardless of liquid and air velocities. 


These distributions may be explained by the model proposed by Irani 
and Callis (18); the growth is assumed to be such that the particle size, 
M, starts as a minimum close to zero, Mo, and grows to a maximum, M,. 
At the end of the process, any agglomerate is characterized by the fact 
that it has been exposed to growth for a length of time, t ,  at a unit spray 
rate, R. There is an average time of growth, t ,  and the times are normally 
distributed around this average; defining the time: 


r = t - t  (Eq. 1) 
- 


allows expression of time by: 


f ( r )  = ( 1 6 )  exp(-r2/2) (Eq. 2) 


where f is the Gaussian frequency function, with unit variance (see Ap- 
pendix). 


The conditions of growth are such that (see Appendix): 


d M l d t  = @ ( M )  = Mlb 


t = a + b In (MI@) 


T = b In (MI%) 


0%. 3) 


0%. 4) 


(Eq. 5 )  


or: 


Equations 4 and 1 may be combined to read 
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Table I-Sieve Analysis of a Granulation at 23 ml/min of Liquid 
Addition as a Function of Drying Time 
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v) 60- 
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5 -  
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I I I I I I 111  
100 200 400 1000 


2 4 15 49 27 4 1 0 
4 5 14 48 27 5 1 0 
6 4 14 49 28 4 1 0 
8 3 14 50 28 4 1 :  0 


where the condition that T = 0 when M = % dictates that: 
- 
t = a  (Eq. 6) 


Inserting Eq. 5 into Eq. 2 then yields: 


f [ b  In (MI@)] = ( 1 1 6 )  exp{-[b In (M/M)l2/21 (Eq. 7) 


which shows2 that b(ln M - ln a) is normally&stributed with mean zero 
and unit standard deviation; i.e., In M - In M is normally distributed 
with mean zero and a standard deviation of In u = l lb  or In M is normally 
distributed with mean In M and a standard deviation of In u = l lb .  


From the development of Eq. 1, increasing the spray rate, R, increases 
the time elements t and t by an (added) constant but leaves T unaltered. 
This result is compatible with the fact that b (e.g., in Eqs. 3-5) is a con- 
stant. Hence, the standard deviation of the distributions should be in- 
dependent of the spray rate; examination of Table I1 shows this to be the 
case. 


The value of a must increase with incsasing R, and M and B must 
increase in the same fashion (so that MIM is rate independent); other- 
wise, t - a could not remain constant as described. The only way this can 
be accomplished is by M (and M )  being proportional to R or to a power 
of R, i.e.: 


In % = q(1n R )  t p (Eq. 8) 


The data are plotted in this fashion in Fig. 3; the exponent is close to 2 
(2.221 = 4). The correlation is good ( r  = 0.96). Therefore, the spray 
granulation follows Iran-Callis kinetics in producing log-normal particle 
distributions, the standard deviation is spray rate independent, and the 
mean particle diameter is approximately proportional to the square of 
the spray rate. The mean diameter is not a function of the fluidization 
air rate (since both sets of data fit the same line). 


Some stochastic models are attractive at first sight; their development 
and the reasons for their rejection are shown in the Appendix. This de- 


g51 90 
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1L- / 


I I I 1 1 1 1 1  
100 200 400 1000 
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Figure 1-Particle-size distributions (cumulatiue undersize) of gran- 
ulations made at low fluidization air rate. Liquid flow rates are: 0,23 
mllmin; a, 26 mllmin; and a, 30 mllmin. Least-squares parameters are 
shown in  Table II. 


If d is normally distributed with standard deviation u' and mean x ,  then (d - 
x )  is normally distributed with standard deviation u' and mean zero and b(d  - x )  
is normally distributedwith standard deviation bu' and mean zero. In the above, 
d = In M and f: = In M, so bo' = 1; i.e., u' = l / b .  Traditional1 ,the standard de- 
viation for a log-normal distribution is denoted u' = In o; i.e., rn u = l/b. 


Table 11-Least-Squares Fit Parameters of t a  versus In d for Six 
Granulations 


Liquid 
Air Flow, Mean, 


Flow mllmin Slope Intercept Irm 
Low 23 -1.98 f 0.02 12.52 f 0.02 557 
Low 26 -2.01 f 0.02 13.22 f 0.03 718 
Low 30 -1.99 f 0.02 13.24 f 0.02 775 
High 20 -1.90 f 0.04 10.82 f 0.06 297 
High 26 -1.86 f 0.10 11.81 f 0.08 634 
High 33 -2.60 f 0.10 18.02 f 0.02 1023 


a Normal standard deviate. 


velopment implies the necessity of employing a kinetic rather t,han a 
stochastic model. 


APPENDIX 


Distribution of Time of Exposure-To show that the times of ex- 
posure of particles to liquid, t ,  are normally distributed, consider the 
situation where N particles are exposed to a flow of liquid. 


In a time element, 6t, a fraction, f ,  of the solid mass will be wetted and 
there will be N ( l  - f )  unwetted particles and Nf wetted particles. After 
26t, there will be N ( l  - f ) 2  unwetted particles and N f 2  particles that have 
been wetted twice (i.e., a fraction, f ,  of the Nf once wetted particles will 
be wetted again). The amount of once wetted particles will be the original 
N f  less the N f 2  that became wetted twice plus the N ( 1  - f ) f  particles that 
were wetted during the second (but not the first) interval. The total is: 


Nf  - N f 2  + N ( 1  - f ) f  = 2N(1 - f ) f  (Eq. A l l  


A combination of this argument will show that after ndt the number of 
particles that have received i application of liquid will be: 


NI = , f ' ( 1  - f)"--'N (Eq. A21 


Equation A2 is obviously a binomial distribution which, for large n, 
approaches a normal distribution. The "number of applications" in the 
discrete sense, At, is equivalent to the time, t ,  of exposure on a continuous 
sense so that the time of exposure is normally distributed. 


Growth Rate of Agglomerate-The growth rate of an agglomerate 
is related to its size, M, in the sense that the larger it is the higher the 
collisional cross-section, i.e., the higher the probability of growth. If one 
assumes that: 


dMldt  = (l /b)M (Eq. A3) 


then: 


In M = ( l / b ) ( t  - t) + g (Eq. A4) 


where ( l l b )  is a constant and q - ( t / b )  is an integration constant. 


90 g5L- 
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Figure 3-Plot of the mean diameters from Figs. 1 and 2plotted versus 
- the spray rate i n  log-log fashion. The  least-squares fit equation is In 
d = 2.221 In R - 0.8. 


AggloEerates characterized by the average time exposure, t, will have 
a size M so that: 


h 7 i ; i = o + q  (Eq. A5) 


0%. A61 


Inserting Eq. A5 into Eq. A4 gives: 


In ( M m )  = ( l / b ) ( t  - t) = r / b  


which is equivalent to Eq. 5. 
It is recalled that t -I= T is normally distributed with mean zero, so 


that as t - --,In ( M / M )  - -a, i.e., M - 0, which is compatible with 
the process. As t - -, M - m; but, because of truncation, M will reach 
R maximal size. 


The limit sizes can be introduced formally by expressing Eq. A3 as 
dM/dt = ( l / b ) ( M  - Mo) and imposing boundary conditions if desired. 


Other Models-There are other hypothetically feasible models, but 
they fail to adhere to the experimental data. These models are all based 
on collision and “sticking” probabilities; the most encompassing of these 
is exemplified here. If it is assumed that there are {collisions per second 
and a sticking probability oft, then the overall probability of forming a 
j-mer from a (j - m)-mer and an m-mer at  time t is: 


Pr = yCj-,(t)C,(t) (Eq. A7) 


where y = t[ is the overall reaction probability. 


W 


v) 
n 
W 
D z 
3 
i- z 
W 
0 
IT 
w a 


N 


If the largest particle is an l-mer, then j ’ s  are formed by Eq. A7 in 
summation of all m’s smaller than j ,  and j-mers are lost in forming (j + 
1)-mers, 0’ + 2)-mers, and so on up to and including 1-mers; i.e., the j-mer 
population between time t and t + 6 t  increases by: 


3-1 I-‘ 


m=l q=l 
ac j ( t )  = E yCj-m(t)Cm(t) - 9 yCj ( t ) cq ( t )  (Eq. AS) 


Simulated data by this model with a value of y = 0.3 and an initial 
population of N = 10,000 particles after 6 t  = 3 and 6t = 4 are shown in 
Fig. 4; the distribution is normal (i.e., not log-normal). The failure of this 
model to adhere to the data probably lies in assuming that y is inde- 
pendent of the size of j, q, m, and 1. If the probability is a function of the 
size of the agglomerate, then the best approach is the kinetic one dis- 
cussed in the body of the paper. 
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Molecular Connectivity and Retention Indexes 


Y. MICHOTTE and D. L. MASSART" 


Abstract The molecular connectivity indexes, x ,  of some alcohols, 
ethers, esters, and ketones did not correlate very well with their retention 
volumes in some GLC systems. It was concluded that the utility of x for 
the prediction of biological activities could prove rather limited. 


Keyphrases Molecular connectivity indexes-attempted correlation 
with GLC retention indexes of various alcohols, ethers, esters, and ketones 
0 GLC retention indexes-attempted correlation with molecular con- 
nectivity indexes of various alcohols, ethers, esters, and ketones To- 
pological indexes-molecular connectivity indexes correlated with GLC 
retention indexes of various alcohols, ethers, esters, and ketones 


Recently, the molecular connectivity index, x, was used 
to predict several parameters related to biological activities 
of drugs (1). One of these parameters was log P ,  the par- 
tition coefficient between octanol and water, which is one 
of the three principal parameters in the Hansch equations 
(2) that are used to predict (or rationalize) biological ac- 
tivities of drugs. The authors concluded (1) that direct 
correlation of molecular connectivity to biological activity 
is possible. 


If the biological activity of a substance is to be predicted 
from x, then this property must be correlated with the 
magnitude of the diverse physicochemical interactions the 
substance is subjected to from resorption to receptor. 
These interactions are often very specific in nature. Even 
log P is a rather complex quantity, since it is determined 
by interactions with two different phases. Therefore, if x 
is to have some general value, it should be sufficiently 
correlated with interactions of diverse natures. 


To have a more precise idea of the potential value of x, 
it was of interest to study interactions with some simpler 
systems. Since large compilations of GLC data exist (3) and 
since GLC retention is the result of a relatively simple 
equilibrium between a liquid phase and a gas, the corre- 
lation of x with retention indexes (R.I.) was investi- 
gated. 


EXPERIMENTAL 


The connectivity index, x ,  is calculated in the following way (1). The 
chemical formula is written down in the skeletal form, and each atom is 
assigned a number corresponding to the number of atoms attached. 
Hydrogen atoms are suppressed. For carbon atoms, the number equals 
1,2,3, or 4. An ether oxygen is assigned the number 2; the N-atoms of the 
amines RNH and R2N are assigned the numbers 2 and 3, respectively. 
The product of the numbers associated with the two atoms of one bond 
is then found. The sum of the reciprocal square root of these products 
is calculated to give a number, called the connectivity index. 


For example, for 2-methyl-2-pentanol (I): 
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1 1 1 1 1 x=- + - + + - + - + -=3.061 (Eq.1) f i Z f i Z Z @  
Retention indexes are the logarithms of the adjusted retention volume 
(log VR') relative to those of normal paraffins. Correlations between x 


Table I-Correlation Coefficients between the Retention Index 
and x 


Compound Diethylene Gly- Polyethylene 
Family Squalane col Succinate Glycol 300 I1 


Alcohols 0.95 0.76 0.78 0.92 
Esters 0.99 0.91 0.96 0.98 
Ketones 0.99 0.94 0.96 0.98 
Ethers 0.97 0.71 0.82 0.71 
All compounds 0.91 0.55 0.56 0.73 


and the retention index were obtained for four stationary phases, namely 
the apolar squalane, the polar diethylene glycol succinate and polyeth- 
ylene glycol 300, and one rather special phase1 (II), which has unique 
properties (4,5) and interacts strongly with ketones. 


Four groups of substances were studied. The first included methanol, 
ethanol, 1-propanol, 1-butanol, 1-pentanol, 3-pentanol, 1-hexanol, 2- 
hexanol, 3-hexanol, 1-heptanol, 1-octanol, 2-methyl-2-butano1, 3- 
methyl-2-butanol, 2,2-dimethyl-l-propanol, 2-methyl-2-pentano1, 3- 
methyl-2-pentanol, 4-methyl-2-pentano1, 2-methyl-3-pentano1, 3- 
methyl-3-pentanol, 2,4-dimethyl-3-pentanol, 3-ethyl-3-pentano1, and 
cyclohexanol. 


The second group included acetone, 2-butanone, 2-pentanone, 3- 
pentanone, 3-methyl-2-butanone, 2-hexanone, 3-hexanone, 3-methyl- 
2-pentanone, 4-methyl-2-pentanone, 2-heptanone, 3-heptanone, 2,4- 
dimethyl-3-pentanone, 2-nonanone, and 5-nonanone. 


The third group consisted of ether, methyl butyl ether, methyl propyl 
ether, isobutyl methyl ether, tert-butyl methyl ether, dipropyl ether, and 
isopropyl propyl ether. And the fourth group included ethyl formate, 
propyl formate, methyl acetate, ethyl acetate, propyl acetate, isopropyl 
acetate, butyl acetate, see-butyl acetate, methyl propanoate, ethyl pro- 
panoate, methyl butanoate, ethyl butanoate, and pentyl acetate. 


The x values for these substances were taken from Murray et al. (l), 
and the retention index values were taken from the data of McReynolds 
(3). 
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Figure 1-Plot of x versus retention indexes obtained using 11 as the 
stationary phase. Key: 0, straight chain alcohols; 0, branched chain 
alcohols; 0,  esters; 0 ,  ketones; and X, ethers. 
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Figure 2-Plot of x versus retention indexes obtained using squalane 
as the stationary phase. Key: 0, straight chain alcohols; 0, branched 
chain alcohols; 0, esters; 0 ,  ketones; and X, ethers. 
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Figure 4-Plot of x versus retention indexes obtained using polyeth- 
ylene glycol 300 as the stationary phase. Key: 0, straight chain alcohols; 
0, branched chain alcohols; 0, esters; 0, ketones; and X, ethers. 


chain alcohols do not fall on this straight line; cyclohexanol is a point by 
itself, apparently unrelated to the other alcohols. 


The ethers, esters, and ketones fall on other lines rather distant from 
that of the straight chain alcohols. This result leads to correlation coef- 
ficients for all compounds on the two polar phases of 0.5-0.6. 


The interactions on the two polar phases may be unrepresentative of 
what happens in biological systems; but if the molecular connectivity is 
a fundamental property, as advocated by Murray et al. ( l ) ,  a better 
correlation should be expected. From the results obtained with the two 
polar phases, one can anticipate that rather bad results will be obtained, 
at least in some cases, for the prediction of biological activities. 


The correlation on squalane is better but less than would be expected 
from the performance of x for the parameters studied previously (1). 
Squalane is a hydrocarbon, and its interactions resemble those of octanol 
or the lipid phase for which the latter is representative in the Hansch 
equations. Here again, the clear segregation of the four families of com- 
pounds results in a correlation coefficient of 0.91. This segregation points 
out that the primary defect of x is that the role of functional groups such 
as hydroxyl and carhonyl is not sufficiently taken into account. This fact 
is demonstrated by the results with 11. Where, on other phases, the ketone 
line is found before (at a lower retention index) or at about the same re- 
tention index as the alcohol line, it lags rather considerably behind on 
11. As stated before, I1 is known to interact with ketones. 


The object of this report is not to say that x is useless. It is a topological 
quantity which, as shown conclusively (I), allows prediction or ration- 
alization of some interesting parameters. However, it may be of more 
limited use than can be expected from the previous conclusion (1)  and, 
in any case, the results obtained should be used with caution, particularly 
when there is reason to believe that functional groups play a determining 
role in the biological activity. 


Kier and coworkers altered the way of calculating the molecular con- 
nectivity index2. They developed extended connectivity functions, which 
encode additional information about multiple paths in a molecule. They 
also developed nonempirical self-consistent parameters, which can be 
used to treat heteroatoms of interest in biology. The improved connec- 
tivity calculations might allow a better prediction of retention indexes 
than was obtained here with the simple x parameter. 


DISCUSSION 


The correlation coefficients are given in Table I, and the results are 
shown in Figs. 1-4. While some correlations are good, many correlation 
coefficients are lower than 0.976, the lowest correlation found between 
x and log P for a class of compounds (the ether family) by Murray et al. 
(1). 


Of particular interest is the behavior of the alcohols. The retention 
index values of the straight chain alcohols are perfectly correlated with 
X. This result was, of course, to be expected since the retention index 
values of these substances plotted as a function of the number of carbon 
atoms fall on a straight line and since x is-also a linear function of the 
number of carbon atoms. On the two polar phases, however. the branched 
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Fluorometric Determination of Methyldopa in 
Biological Fluids 


BONG K. KIM and ROBERT T. KODA” 


Abstract A fluorometric method for the analysis of methyldopa, based 
on the formation of a fluorophore after oxidation and rearrangement, is 
described. The drug is isolated from biological fluids by adsorption on 
alumina and elution with an organic solvent. Fluorescence is linear from 
0.1 to 1.5 pg of methyldopa/ml. The assay has a lower limit of sensitivity 
of 100 ng/ml and is suitable for pharmacokinetic studies following ther- 
apeutic doses in animals and humans. 


Keyphrases 0 Methyldopa-fluorometric analysis, biological fluids 0 
Fluorometry-analysis, methyldopa in biological fluids 0 Antihyper- 
tensive agents-methyldopa, fluorometric analysis in biological fluids 


Methyldopa is a widely used antihypertensive agent 
with sedative and aromatic L-aminodecarboxylase-in- 
hibiting properties (1-7). Methods to analyze the drug in 
pharmaceutical preparations and biological fluids have 
utilized visible spectrophotometry (8,9), GLC (lo), high- 
pressure liquid chromatography ( l l ) ,  and fluorometry (12, 
13). In addition, tracer methodology has been used for 
metabolic and disposition studies (14,15). 


Fluorometric methods have been primarily based on the 
production of a fluorescent indole derivative (lutin) by 
oxidation and subsequent rearrangement. This technique 
has also been applied to estimate catecholamines and re- 
lated compounds (16). Existing fluorometric methods 
appear to be insufficiently sensitive for the determination 
of drug levels in biological fluids. 


This paper describes an improved analytical method in 
which methyldopa is adsorbed on alumina, eluted with an 
organic solvent, and then oxidized to form the fluorophore, 
dihydroxyindole. The establishment of optimal conditions 
for maximal fluorescence resulted in an increased sensi- 
tivity for estimating methyldopa in biological fluids. The 
method has provided increased sensitivity, consistency, 
and reproducibility. 
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Figure 1-Stability of methyldopa oxidation product. 
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Figure %-Stability of fluorophore of methyldopa fotlowing oxidation 
and rearrangement. 


EXPERIMENTAL 


Apparatus-All fluorescence measurements were made using a 
spectrophotofluorometerl. Microphotometer sensitivity was set at 30 with 
multiplier positions ranging from 0.01 to 0.1. 


Reagents-All chemicals and solvents were analytical reagent grades, 
and freshly distilled water was used. All glassware was rinsed with 10% 
nitric acid and distilled water. Alumina2 was reactivated by refluxing in 
2 N HC1, washing with distilled water until the pH was 3.5-4, and drying 
at  250-300’. Methyldopa was used as received&. 


The phosphate buffer was prepared by adding 0.1 M dibasic sodium 
phosphate containing 0.1% edetate sodium to 0.1 M monobasic sodium 
phosphate containing 0.1% edetate sodium. 


Analytical Procedure-Blood samples were collected in heparinized 
tubes containing 15 mg of sodium metabisulfite. The blood was centri- 
fuged immediately, and the plasma was separated and frozen until as- 
sayed. Aliquots of biological fluids (0.1-1.0 ml) were placed in screw- 
capped test tubes, and 4-5 ml of 0.4 N perchloric acid was added. After 
shaking for 5 min, the precipitated protein was separated by centrifu- 
gation. 


A specific volume (1-5 ml) of the supernate was transferred to a 
screw-capped test tube containing 0.5 g of activated alumina and 0.25 
g of edetate sodium. The mixture was adjusted to pH 8.5-8.6 with 1 N 
sodium carbonate with constant stirring, and shaking was continued for 
an additional 5 min. The alumina was allowed to settle, and then the 
supernate was aspirated and discarded. The alumina was washed twice 
with 5 ml of distilled water, and the washings weTe discarded. The ad- 
sorbed methyldopa was eluted by vigorously shaking the washed alumina 
for 15 min with 6 ml of acetone-formic acid (8515). 


The alumina suspension was centrifuged, and 5.0 ml of the supernate 
was transferred to a test tube and evaporated under a nitrogen stream 
at 40°. The dried residue was dissolved in 1 ml of pH 6.5 phosphate buffer. 
Then 0.1 ml of ethanol, 0.05 ml of 0.2% zinc sulfate, and 0.05 ml of 0.1% 


1 Aminco-Bowman, American Instrument Co. 


3 Courtesy of Merck Sharp & Dohme Laboratories 
Woelm Neutral Activity Grade 1. 
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have the capability of metabolic reduction of I to both epimeric 6-hydroxy 
metabolites. However, considerable stereospecificity by the drug-me- 
taholizing enzyme(s) favoring formation of the 6B-hydroxy metabolite 
was observed for all species. This result is consistent with metabolic data 
reported for other 6-ox0 compounds containing the hydromorphone 
structure (2,4). 
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Generic Propoxyphene: 
Need for Clinical Bioavailability Evaluation 
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Abstract  0 Plasma level data on two investigational capsule formula- 
tions of propoxyphene with similar physicochemical parameters dem- 
onstrate that the formulations have different in uiuo bioavailabilities. 
The potential for bioavailability problems with water-soluble drugs and 
the lack of correlation of i n  uitro and in uiuo parameters for equivalent 
drug formulations are discussed. 


Keyphrases Propoxvphene hydrochloride-different formulations, 
hioavailability compared Bioavailability-propoxyphene hydrochlo- 
ride, different formulations compared 0 Analgesics-propoxyphene 
hydrochloride, different formulations, bioavailability compared 


With the recent expiration of the propoxyphene hy- 
drochloride patent, several pharmaceutical manufacturers 
have marketed a generic formulation of this drug. These 
manufacturers were required to assess i n  uitro parameters 
such as drug content and dissolution rate to assure 
equivalence to the innovator’s product. To date, no in uitro 
dissolution rate standard that has been shown to correlate 
with in vivo bioavailability has been developed. 


However, with digoxin, for which in vitro standards were 
used to assure product equivalence (through batch certi- 
fication), the Food and Drug Administration (FDA) clearly 
recognized that in uitro testing alone often does not ensure 
bioequivalence (1). This knowledge recently resulted in 
written bioavailability requirements for marketed digoxin 
products by the FDA (2). 


Propoxyphene hydrochloride is a readily soluble drug. 
A simple capsule formulation of this drug would generally 
be considered as having a very low potential for bioavail- 
ability problems. Usually, only drugs with low water sol- 
ubility are considered potential problems in formulating 
a readily available dosage form (3-5). The converse of this 
hypothesis ( i e . ,  soluble drugs have low potential for bio- 
availability problems) has not been investigated ade- 
quately. To ascertain possible bioavailability problems of 


drugs with high risk potential, the low risk potential drugs 
are rarely studied (6). 


Although propoxyphene hydrochloride is a very soluble 
drug, comparative bioavailability data should be obtained 
prior to marketing any new formulation. Even the finding 
of equivalent in vitro parameters should not be sufficient 
justification for assuming bioequivalence of two different 
formulations of the same parent drug without i n  vivo 
data. 


This paper reports the results of two bioequivalence 
studies in which two proposed marketed formulations with 
nearly identical i n  vitro parameters of potency and dis- 
solution rate were compared to the recognized standard 
propoxyphene product. 


EXPERIMENTAL 


Bioavailability Studies-The design for both studies was identical. 
In Study 1, 21 healty adult volunteers’ (14 males and seven females), 
averaging 23 years of age (range of 22-33 years) and weighing 68.6 kg 
(range of 52.2-86.4 kg), were selected. In  Study 2,24 healthy adult male 
volunteers, averaging 24.5 years (range of 19-51 years) and weighing 77.5 
kg (range of 61.4-89.1 kg), were selected. 


All subjects had normal screening vital signs (blood pressure, pulse, 
respiration, and temperature) and laboratory parameters (complete blood 
count, urinalysis, blood urea nitrogen, serum alkaline phosphatase, serum 
glutamic-oxaloacetic transaminase, serum bilirubin, and glucose). No 
subject received any barbiturates or other enzyme-inducing drugs for 30 
days, or any other medication for 7 days, preceding the start of the study. 
All subjects received only the medication prescribed in the protocol for 
the duration of the study. 


A t  zero time of each treatment period, each subject received single oral 
doses of medication2 as follows: Treatment A, one 65-mg hard-filled 
capsule of propoxyphene hydrochloride (test formulation); or Treatment 


1 Study was initiated with 22 subjects, but one subject was dropped before 


2 Identity of products is available from authors upon request. 
completion of the clinical phase. 
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Table I-Physicochemical Parameters  Obtained fo r  the Different 65-mg Propoxyphene Hydrochloride Capsule Formulations 


Study 1 Study 2 


Treatment B Treatment B 
Treatment A Recognized Treatment A Recognized 


Property Formulation I Standard I Formulation I1 Standard I1 


Assay potencya 63.7 f 0.85 mg 62.9 f 1.4 mg 68.2 f 1.7 mg 65.1 f 0.6 mg 
Dissolution rateb 96.5 f 8.9 89.9 f 1.3 99.80 f 1.0 99.68 f 3.1 


at 10 min. % 


Assay 10 capsules and report average of three or more assays for each lot. * Mean f SD for six capsules. Unpublished assay procedure. 


Table 11-Average Plasma Propoxyphene Concentrations and Related Parameters  Obtained from 21 Normal Volunteers a f t e r  
ReceivinP: Sinele Oral  Doses (65 ma) of Two ProDoxvDhene Formulations 


Average Plasma Propoxyphene Level, 
n d m l  


Hours Treatment A Treatment B Significance 


0.0 0.20 (0.2010 0.0 ( 0 ) a  N.S. 
0.5 10.12 (2.40) 6.29 (2.43) N.S. 
1.0 32.11 (4.45) 48.84 (12.45) N.S. 
2.0 44.09 (4.51) 53.05 (3.84) p < 0.025 
3.0 40.75 (5.01) 44.52 (4.23) N.S. 


7.0 12.98 (1.47) 20.84 (3.43) p < 0.05 
9.0 8.85 (1.02) 13.25 (2.10) p < 0.025 


12.0 5.77 (1.02) 8.46 (1.19) p < 0.005 


5.0 17.87 (1.61) 24.88 (2.47) p < 0.001 


Average of individual peak 51.58 (4.99) 69.81 (11.46) N.S. 


Average AUC, ng hr/ml (O-12 hr) 226.9 (19.95) 296.87 (25.39) 0.001 < p < 0.005 
Average of individual peak times, hr 1.95 (0.21) 2.14 (0.28) N.S. 


plasma concentrations, ng/ml 


The ( ) represents the standard error of the mean 


B, one 65-mg hard-filled capsule of propoxyphene hydrochloride (rec- 
ognized standard). Individual subjects were assigned treatments ac- 
cording to a randomized two-way crossover design. The studies were 
separated by 7 days. 


Subjects were required to fast overnight and for 4 hr immediately after 
the medication was administered. The medication was taken at zero time 
with 180 ml of water. No beverages (except water) were permitted during 
the fasting period. The subjects were not permitted to engage in any 
strenuous or athletic activities during the days of drug administration. 


Blood, 20 ml, was taken from each subject a t  zero time, i.e., just before 
dosing with each medication and a t  0.5,1.0,2.0,3.0,5.0,7.0,9.0, and 12 
hr. In Study 2, a 16-hr postadministration sample also was drawn. Plasma 
was harvested from all samples as soon after drawing as possible and 
immediately frozen. 


Assay Methodology-All plasma specimens were extracted using the 
procedure described by Wolen and Gruber (7). The extract residues were 
reconstituted in carbon disulfide for GLC analysis. All samples were 
chromatographed on U-shaped glass columns (0.31 m X 3 mm i.d.1 of 3% 
(w/w) Apiezon-L and 2% (w/w) potassium hydroxide on 80-100-mesh 
Gas Chrom Q3. All newly prepared columns were preconditioned a t  225’ 
for 6 hr without carrier gas flow and for 16 hr with carrier gas flow of 10 
ml/min. 
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Figure I-Average plasma proponyphene concentrations obtained from 
21 normal volunteers after receivtnp a siqgle 65-mg oral dose of prc- 
poxyphene. Key: m, Treatment A;aad A, Trentment B. 
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During analysis, the column, injection port, and flame-ionization de- 
tector were maintained a t  170, 175, and 205”, respectively. Helium, hy- 
drogen, and air flow rates were 40,50, and 350 ml/min, respectively. The 
retention times for propoxyphene, pyrroliphene, and norproxy- 
pheneamide were 3.2,7.4, and 12 min, respectively. 


Physical and Chemical Characterist ics of Medication-The 
physical and chemical characteristics of the two formulations are pre- 
sented in Table I. The test formulations and recognized standards were 
nearly identical in potency and dissolution rates. 


Statistical Analysis-In both studies, the plasma data were sub- 
mitted to a computer4 programmed with an analysis of variance 
(ANOVA) program for crossover design. The variance components due 
to subjects, subjects per group (equal or unequal groups), time period, 
and treatments were estimated. The results of these estimations for 
plasma concentrations and the related parameters of peak concentration, 
peak time, and area under the plasma concentration-time curve are re- 
ported in Tables I1 and 111. 


RESULTS AND DISCUSSION 


With any product, the rate and extent parameters of drug delivery to 
the general circulation are important in obtaining the desired pharma- 
cologic or therapeutic response. If the drug is “absorbed” from two for- 
mulations a t  the same rate and to the same extent, the bioequivalence 
of these formulations is assured. The peak concentration, time of peak 
concentration, and area under the blood (plasma or serum) concentra- 
tion-time curve are three parameters that  allow estimation of the rate 
and extent of bioavailability. 


Study 1-As shown in Fig. 1, both the test5 and reference6 formulations 
had measurable plasma levels a t  the 0.5-hr sampling time, with the av- 
erage plasma propoxyphene curves peaking a t  2 hr. Throughout the 12-hr 
sampling period, plasma levels of the test formulation were below those 
of the reference product. The statistical analysis from Table I1 indicates 
that the test formulation plasma levels were significantly lower than the 
recognized standard plasma levels a t  the 2-, 5-, 7-, 9-, and 12-hr sampling 
times. 


The averages of the individual peak plasma concentrations for the test 
and reference products were 51.58 and 69.81 ng/ml, respectively, a 26% 
difference in peak concentration. The times of peak concentration were 
1.95 hr for the test formulation and 2.14 hr for the recognized standard. 


IBM 360-50. 
Research lot 17,015-4. 
Lot 5HR70A. 







Table 111-Average Plasma Propoxyphene Concentrations and Related Parameters Obtained from 24 Normal Volunteers after 
Receiving Single Oral Doses of Two Different Propoxyphene Formulations 


Average Plasma Propoxyphene Level, 
ne/ml 


Hours Treatment A Treatment B Significance 
0.0 0.00 (0)” 0.00 (0)” N.S. 
0.5 2.22 (1.25) 0.32 (0.32) N.S. 
1.0 44.65 (4.44) 43.24 (5.23) N.S. 
2.0 
3.0 
5.0 
7.0 
9.0 


12.0 
16.0 


Average of individual peak 
Dlasma concentrations. nelml 


64.36 (5.24) 
57.32 (4.39) 
35.58 (3.02) 
24.69 (2.98) 
17.22 (2.24) 
10.33 (1.84) 
5.52 (1.72) 


69.03 (5.11) 


64.59 i4.63j 
52.81 (3.99) 
34.73 (3.41) 
22.06 (3.03) 
14.75 (2.66) 
4.88 (1.47) 
2.29 (1.30) 


68.67 (5.03) 


N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
p = 0.001 
p = 0.01 
N.S. 


AGerage AUC, ng hrlml, 6-72 hr 364.02 (30.8) 334.17 (32.8) p < 0.05 
0-16 hr 395.73 (33.9) 348.51 (35.28) p < 0.05 


Average of individual peak times, hr 1.96 (0.15) 2.04 (0.11) N.S. 


0 The ( ) represents the standard error of the mean 


Neither the peak nor peak time differences were statistically signifi- 
cant. 


The average areas under the plasma concentration-time curve (AUC) 
were 226.9 ng hr/ml for the test formulation and 296.87 ng hr/ml for the 
reference standard; this 24% difference was statistically significant ( p  
< 0.005). A difference in this parameter indicates that the test formula- 
tion has approximately 76% the extent of availability of the reference 
standard. As previously noted, the in vitro parameters of assay potency 
and dissolution rate were quite similar for the test and reference for- 
mulations and did not detect the observed difference in bioavailabili- 
tY. 


For the recognized standard, the plasma propoxyphene levels, peak 
concentration, peak time, and AUC for Studies 1 and 2 were quite similar 
to reported data (8,9). 


Study 2-As a result of the bioavailability findings of the first test 
formulation, the product was reformulated and tested for bioequivalence. 
As shown in Fig. 2 and Table 111, test Formulation7 11 produced plasma 
levels essentially identical to a second lot of the recognized standard8. 


The averages of the individual peak plasma concentrations for the test 
and reference products were 69.03 and 68.67 ng/ml, respectively, while 
the averages of the individual peak times were 1.96 and 2.04 hr, respec- 
tively. The average AUC values (0-16 hr) were 395.73 ng hr/ml for the 
test formulation and 348.51 ng hr/ml for the recognized standard. This 
12% difference in the AUC means tested statistically significant, but the 
formulations were judged equivalent. 


The finding of statistically significant differences in the means of 
bioavailability parameters does not necessarily demand the declaration 
of bioinequivalence, nor does the lack of statistical significance imply 
bioequivalence. In many instances, small differences in mean values test 
statistically significant or large differences do not test statistically dif- 


0.5 3.0 5.0 7.0 9.0 12.0 16.0 
HOURS AFTER DRUG ADMINISTRATION 


Figure %-Average plasma propoxyphene concentrations obtained from 
24 normal uolunteers after receiving a single 65-mg oral dose of pro- 
poxyphene hydrochloride. Key: m, Treatment A; and A, Treatment 
3. 


7 Research lot 17,320-1. 
8 Lot 5KL89C. 


ferent. This result, of course, is related to the coefficient of variation (CV) 
observed in the individual studies and the power of the statistical analysis. 
In the first study, the test formulation produced plasma levels consis- 
tently lower than those of the recognized standard (as seen in the mean 
plasma levels of Fig. 1). This result was reflected in significant AUC 
differences despite high coefficients of variation for plasma level means 
and peak concentration. 


In Study 2, the plasma level and bioavailability parameter coefficients 
of variation were generally lower than those of Study 1, and a much 
smaller (12 versus 24%) difference tested significant. The plasma levels 
in Study 2 were practically identical for test and standard formulations. 
The AUC differences were due to plasma level differences at the extreme 
tail-points of the serum level curve. It is very doubtful that these differ- 
ences would have any clinical meaning. 


Current federal regulations (10) for capsule formulations of propoxy- 
phene hydrochloride require submission of an abbreviated NDA and 
proof of biological availability. However, the biological availability re- 
quirements were deferred for capsule formulations of propoxyphene 
hydrochloride when not in combination with aspirin or aspirin, phen- 
acetin, and caffeine (11). Both the test formulations and the recognized 
standards were practically identical in the in uitro specifications of assay 
potency and dissolution rate. Although the lack of predictability of the 
in vitro parameters was unexpected, this point must be considered in the 
overall evaluation of propoxyphene formulations. Clearly, in vitro 
product equivalence does not assure in uivo bioequivalence. Thus, in uitro 
test parameters should not be used as the sole criterion in determining 
product bioequivalence. Confirmatory in uivo bioavailability testing 
should not be deferred for single-entity propoxyphene capsules in light 
of the data presented. 
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Thebaine Content of Selections of 
Papaver bracteatum Lindl. at Different Ages 


P. G. VINCENTx, C. E. BARE, and W. A. GENTNER 


Abstract 0 Approximately 200 accessions of Papauer species were 
evaluated for identification as P. bracteaturn Lindl. and for thebaine 
content. Fifteen authentic P. bracteaturn accessions were selected on the 
basis of chromosome count. Statistical analyses of variation in alkaloid 
content were made for these accessions. Four of the 15 warranted further 
study based on the vigor of the plant and the total thebaine present in 
the tissue. Significant variability in thebaine content was found in wild 
strains of P. bracteatum, thus requiring genetic selection studies. The 
data showed that total yield potential of thebaine should be considered 
in selecting P. bracteaturn strains for commercial growth rather than 
concentrating on strains that produce the highest thebaine concentra- 
tions. A method for the quantitative estimation of thebaine from P. 
bracteaturn is presented. 


Keyphrases 0 Thebaine-GLC analysis, root and aboveground portions 
of various strains of Papauer bracteatum Papaver bracteaturn- 
various strains, root and aboveground portions, GLC analysis of thebaine 
0 GLC-analysis, thebaine in root and aboveground portions of various 
strains of Papaver bracteaturn Alkaloids-thebaine, GLC analysis in 
root and aboveground portions of various strains of Papauer bracteaturn 


Narcotics-thebaine, GLC analysis in root and aboveground portions 
of various strains of Papaver bracteaturn 


Plants in the family Papaveraceae have been analyzed 
for alkaloids for more than a century. The genus Papauer 
and specifically P. somniferum, the opium poppy that 
produces thebaine, codeine, morphine, and other alkaloids, 
has received the most attention (1). 


With the growing shortage of medically useful codeine, 
an alternative source has been sought. P. bracteatum, a 
potential source of thebaine, reportedly contains as much 
as 3.5% of this alkaloid in mature capsules a t  a purity of 
95% or greater (2, 3). Treating thebaine with hydrogen 
bromide results in a 76% yield of codeinone. Codeinone is 
reduced to codeine by the Meerwein-Pondorff process or 
by sodium borohydride in commercial preparations (4). 


Extraction from P. bracteatum of reliable supplies of 
thebaine and chemical transformation to codeine and re- 
lated derivatives for legitimate medical needs might reduce 
dependency on morphine. Morphine from opium now 
supplies about 95% of the codeine used in the United 
States ( 5 )  as well as 100% of the heroin, the most abused 
illicit drug in the United States'. 


Dr. Quentin Jones, Staff Scientist in charge of Narcotics Program, National 
Program Staff, Agricultural Research Service, U.S. Department of Agriculture, 
personal communication. 


EXPERIMENTAL 


Plant Source-The origin of collections and chromosome numbers 
of the 15 accessions of P. bracteaturn used are shown in Table I. The 
initial genetic stock of the Papauer species consisted of about 200 ac- 
cessions from the Middle East and were reduced to the 15 accessions on 
the basis of chromosome counts of root tip cells, floral characteristics, 
and alkaloid profile. The remaining accessions (-185) were found not 
to be P. bracteatum. Chromosome counts were made2 on immature plants 
to separate three closely related species found in the same geographic area 
where the seeds were collected from stands with no apparent prior cul- 
tivation, i.e., l'. orientale (2n = 28), P. pseudo-orientale (2n = 42), and 
P. bracteaturn (2n = 14). 


Plant Culture-Seeds from accessions were planted in 7.6-cm peat 
pots? in the greenhouse in composted potting soil with about 4.2% organic 
matter and 33% pit washed sand; the pH was 6.2-6.5. Greenhouse con- 
ditions were: illumination, ambient (September-November); tempera- 
ture, 20-25'; fertilizer, none; and insecticides (applied once each month), 
(5-benzyl-3-furyl)methyl cis-trans-(+)-2,2-dimethyl-3-(2-methylpro- 
peny1)cyclopropanecarboxylate for white fly control and tricyclohex- 
ylhydroxystannane for spider mite control. 


Seedlings were successively thinned to five, three, and one per pot. 
Plants were sampled for thebaine content at  5, 7, and 11 months of 
growth. In September, after 11 months, the plants were transferred to 
the field; field soil was Elkton silt loam (typic ochraquult), pH 5.8. Soil 
analysis showed: magnesium, 143 kghectare; phosphate, 280 kghectare; 
and potash, 77 kg/hectare. Fertilizer amendments were: limestone, 840 
kg/hectare, ammonium nitrate (34% N), 84 kg/hectare; phosphate (46% 
PzO5), 90 kg/hectare; and potash (60% K20 in KCl), 269 kg/hectare. 


Immature plants were analyzed for the thebaine content, fresh and dry 
weight yields of roots, and aboveground parts at  time of harvest. The leaf, 
stem, capsule, and sometimes root tissue of mature plants were analyzed 
on a fresh and dry weight basis the following May, 2 weeks after petal fall. 
Approximately 80-90% of plants transferred to the field flowered. All 
plant harvesting was done a t  the same time of day to eliminate effects 
of diurnal variation on alkaloid concentrations. 


Analytical-Analysis of variance was made of 1 I-month-old immature 
plants. 


Thebaine yields from root, aboveground part, stem, and capsule tissues 
oven dried a t  60' or freeze dried were compared. All tissues were ground 
to pass a 40-mesh sieve. Three 100-mg samples of each tissue dried by 
each method were taken. One sample was oven dried a t  110" overnight 
for the determination of residual water content; the second was extracted 
in 50 ml of methanol-ammonium hydroxide (98:2 v/v) by rotation for 1 
hr at 120 rpm; the third was extracted with 5% aqueous acetic acid, the 
reference extraction solvent, and purified as recommended by the United 
Nations (6). Routine analyses were from samples extracted in metha- 


M. L. Stiff, U S .  Department of Agriculture. 
Jiffy pots. (Mention of a trademark or proprietary product does not constitute 


a guarantee or warranty of the product by the U.S. Department of Agriculture and 
does not imply its approval to the exclusion of other products that  may also be 
suitable.) 
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oxide solution to 100 ml of fresh 0.2% (w/v) amitriptyline hydrochloride 
solution. The hydrogen peroxide content was insufficient to cause this 
marked degree of decomposition by direct oxidation. 


Addition of 0.05% (w/v) of the antioxidant propyl gallate to an ami- 
triptyline hydrochloride solution initially caused a 10% fall in drug con- 
centration but subsequently completely stabilized the solution (Fig. 4). 
Hydroquinone, 0.01% (w/v), was less effective, since it abolished the lag 
phase and only appeared to slow the reaction after 15 days. The antiox- 
idants appeared to break the chain reaction. With propyl gallate at least, 
however, there was evidence of a direct reaction with amitriptyline hy- 
drochloride. 


The reducing agent sodium metabisulfite was not effective in stabi- 
lizing the solution. Figure 4 shows that 0.121% (w/v) sodium metabisulfite 
produced an immediate fall in the drug concentration and a subsequent 
acceleration in the decomposition rate. This process did not follow 
first-order kinetics a t  any stage. The concentration of sodium meta- 
bisulfite was equimolar with amitriptyline hydrochloride (6.37 X 
M), and the data fit a simple second-order kinetic plot. 


Bisulfite-mediated reactions were reported previously (9-13), and a 
reaction mechanism similar to the thiamine cleavage shown previously 
(14,15) is possible in the drug’s side chain. However, using the isolation 
and identification techniques outlined previously (l), dibenzocyclo- 
heptanone was the only decomposition product present, suggesting that 
direct attack at  the olefinic double bond in the molecule is more likely. 
Such an affinity for these bonds by sodium bisulfite was demonstrated 
and explained (16) on the basis of a free radical mechanism. 
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Polyamine Metabolism I: 
Synthesis of Dansyl Derivatives of 
N -  (Monoaminoalkyl) - and N -  (Polyaminoalky1)acetamides and 
Elucidation in Urine of a Cancer Patient 


MAHMOUD M. ABDEL-MONEMX and KOSEI OHNO 


Abstract 0 The dansvl derivatives of N-(monoaminoalkv1)- and N- outrescine in human urine. 
(polyaminoalky1)acetamides were synthesized and unequivkally char- 
acterized. TLC of the dansyl derivatives obtained from human urine 
indicated the presence of N-[3-[(4-aminobutyl)amino]propyl]acetamide 
(N’-acetylspermidine), N-[4-[(3-aminopropyl)amino]butyl]acetamide 
(N8-acetylspermidine), and N-(4-aminobutyl)acetamide (N-acetylpu- 
trescine) in appreciable amounts. The dansyl derivatives of N1-acetyl- 
spermidine, N8-acetylspermidine, and N-acetylputrescine were isolated 
and purified using various chromatographic methods. The mass spectra 
of these compounds were similar to those of authentic samples, which 
confirmed the identity of these compounds and established the presence 
of N8-acetylspermidine as well as N1-acetylspermidine and N-acetyl- 


The diamine l,$-butanediamine (putrescine) (I) and 
the polyamines N-(3-aminopropyl)-l,4-butanediamine 
(spermidine) (11) and N,N’-bis(3-aminopropy1)-1,4-b~- 
tanediamine (spermine) (111) are present in all animal and 
plant tissues, and at  least one of these is present in all mi- 
croorganisms (1). Studies of both normal and neoplastic 
rapid growth systems indicate that the synthesis and ac- 


Keyphrases 0 Polyamines-N-(monoaminoalky1)- and N-(polyami- 
noalkyl)acetamides, determined in human urine, dansyl derivatives 
synthesized 0 N-(Aminoalky1)acetamides-determined in human urine, 
dansyl derivatives synthesized 0 Dansyl derivatives-of N-(monoami- 
noalky1)- and N-(polyaminoa1kyl)acetamides synthesized TLC- 
determination, dansyl derivatives of N-(monoaminoalky1)- and N-  
(polyaminoalkyl)acetamides, human urine O High-pressure liquid 
chromatography-determination, dansyl derivatives of N-(monoami- 
noalky1)- and N-(polyaminoalkyl)acetamides, human urine 


cumulation of polyamines are elevated shortly after a 
stimulus inducing proliferation. Furthermore, the levels 
of these amines were elevated in the urine of cancer pa- 
tients (2-10). These amines are excreted in human urine 
mainly as conjugates, which yield the free amines after 
hydrolysis (2). 


Although several studies determined the levels of total 
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polyamines in urine of normal subjects, cancer patients, 
and noncancer patients after hydrolysis, few studies ad- 
dressed the identification of the polyamine conjugates 
present in urine. N-(4-Aminobutyl)acetamide (N-ace- 
tylputrescine) (IV) was identified in the urine of nor- 
mal subjects (ll), and N-(5-aminopentyl)acetamide 
(N-acetylcadaverine) (V) was found in the urine of 
schizophrenic patients (12). N-[3-[(4-Aminobutyl)- 
amino]propyl]acetamide (N1-acetylspermidine) (VI), but 
not N -  [4- [ (3-aminopropyl)amino] butyl] acetamide (N8- 
acetylspermidine) (VII), also was detected in urine of 
healthy children (13) and a patient with acute myelocytic 
leukemia (14). Both VI and VII were formed in Esche- 
richia coli on storage of a culture in the cold or growth in 
medium containing high concentrations of spermidine 
(15). 


The present paper reports the synthesis and unequivocal 
characterization of the dansyl [5-(dimethylamino)-1- 
naphthalenesulfonyl] derivatives of N-(monoaminoalkyl) - 
and N-(polyaminoalky1)acetamides and the isolation and 
unambiguous elucidation of the N-(monoaminoalky1)- and 
N-(polyaminoalky1)acetamides from the urine of one 
cancer patient who had not received therapy. The ap- 
proach used in identifying the polyamine conjugates in 
human urine involved the separation and identification 
of their dansyl derivatives. This approach has several ad- 
vantages: (a )  the dansyl derivatives of the polyamines and 
their conjugates are fluorescent, which permits the de- 
tection of minor components; ( b )  chromatographic sepa- 
ration of the dansyl derivatives of polyamines is easier than 
the separation of the free amines; and ( c )  the use of the 
dansyl derivatives permits the quantitation of the identi- 
fied polyamines. 


EXPERIMENTAL 


Synthesis of Dansyl Derivatives of N-(Monoaminoalky1)acet- 
amides (VIII-XI)-The diamines were treated with dansyl chloride 
according to the method of Nilsson et al. (16) to provide the monodansyl 
derivatives in 60-80% yields (Scheme I). 


A solution of the monodansyl derivative in a mixture of chloroform (10 
ml) and pyridine (2 ml) was cooled in an ice bath and treated dropwise 
with acetic anhydride (1.5 molar equivalents) in chloroform (8 ml) and 
pyridine (2 ml). The reaction mixture was stirred for 1 hr a t  room tem- 
perature and then treated with ice water. The chloroform layer was 
separated, washed with water, dried, and evaporated in uacuo. The yellow 
residue was purified by column chromatography on silica gel with chlo- 


I + CH,=CHCN -+ H,N(CH,),NHCH,CH,CN (CHJ)2NC10H6So~C'~ 


XI1 
Bi Hs (CHJzNC ,oHsSO,HN(CH,),NCH,CH,CN __t 


I 
SO,Ga HeN(CHJ2 


XI I1 


(CHJ), NC IoHGSOQHN(CHJ~ N (CHz),NH, A (CH CO) 0 


I 
SO,CloHe,N (CHj)z 


XIV 


(CH& NC ,oH$O,HN(CH,) 4 N(CH&NH COCH, 


SOzCio Hd(CH3)z 
I 


XV 
Scheme I I  


roform-ethanol (97:3) to provide pure VIII-XI in 90-95% yields. The 
products were recrystallized from benzene-chloroform. 


Synthesis of Dansyl Derivative of N-[3-[ (4-Aminobutyl)amino]- 
propyllacetamide (XV)-N-2-Cyanoethylbutane-1,4-diamine (XII) 
was prepared according to  the method of Israel et al (17) (Scheme If). 
The mixture of products was fractionally distilled three times in U ~ C U O  


to provide XII, bp 87-92'/0.01 mm Hg [lit. (17) bp 88'10.02 mm Hg]. A 
solution of triethylamine (10 mmoles) and XI1 (0.688 g, 4.88 mmoles) in 
chloroform (15 ml) was treated with a solution of dansyl chloride (2.69 
g, 10.0 mmoles) in chloroform (25 ml), and the reaction mixture was 
stirred a t  room temperature for 4 hr. The usual workup of the reaction 
mixture provided a yellow oil (3.7 g), which was purified by column 
chromatography on silica gel. Elution with chloroform-benzene (73) gave 
an uncharacterized oil (0.21 g), and elution with chloroform provided 2.58 
g (yield 87%) of XIII. The nitrile group of XI11 was reduced with diborane 
using the method of Brown et al. (18). 


A solution of crude XIV (0.6 g, 1.13 mmoles) in a mixture of chloroform 
(10 ml) and triethylamine (2 ml) was treated dropwise with acetic an- 
hydride (1.5 ml) in chloroform (10 ml) and stirred for 2 hr. The usual 
workup of the reaction mixture provided a crude product, which was 
purified by column chromatography on silica gel using chloroform-eth- 
anol(98:2). The first fraction provided XV as a yellow oil, 63% yield based 
on the amount of XI11 used. 


Synthesis of Dansyl Derivative of N-[4-[(3-Aminopropyl)- 
amino]butyl]acetamide (XIX)-N-(4-Aminohutyl)acetamide hy- 
drochloride (IV) was obtained using the method of Taboret al. (19), mp 
135-138' [lit. (19) mp 136-139' and (20) 140-141']. TLC of the product 
on silica gel plates, using 1-butanol-acetic acid-pyridine-water (4l:l:Z) 
and visualization with ceric sulfate, indicated two major products in a 
21 ratio. A solution of the crystalline product (10 g) in water was adjusted 
to pH 8.0 with ammonium hydroxide and added to an ion-exchange 
column'. The water eluate was evaporated to dryness in U ~ C U O  to provide 
diacetylputrescine (2.39 g), mp 137-138'. The column was washed with 
1 M ammonium hydroxide, the eluate was concentrated and treated with 
ethanolic hydrochloric acid, and the product was recrystallized from 
2-propanol to provide IV (5.0 g), mp 141-143' [lit. (20) mp 140-141' and 
(19) 135-138'1. 
N-[4-[(2-Cyanoethyl)amino]butyl]acetamide (XVI) was obtained from 


crude IV using the method of Taboret al. (19) (Scheme 111). The crude 
product, XVI hydrochloride, was dissolved in water, made basic with 
sodium bicarbonate, and extracted with chloroform. The chloroform 
extract was concentrated to dryness, and the residue was applied to a 
silica gel column and eluted with chloroform containing different amounts 
of ethanol. A fraction eluted with 2-5% ethanol in chloroform contained 
5.4 g of N-[4-[bis(2-cyanoethyl)amino]butyl]acetamide, mp 55-58". The 
second fraction, eluted with 5-15% ethanol in chloroform, contained a 
mixture of diacetylputrescine and XVI. The crude fraction was extracted 
with hot benzene; the benzene solution, on concentration, provided XVI, 
mp 35-37'. The benzene-insoluble solid was recrystallized from chloro- 
form to provide diacetylputrescine, mp 137-138'. 


A solution of XVI (1.83 g, 10 mmoles) and triethylamine (1.8 g, 17.8 
mmoles) in chloroform (30 ml) was treated with a solution of dansyl 
chloride (2.8 g, 10.4 mmoles) in chloroform (20 ml), and the mixture was 


Amberlite IR-120 (H+). 
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(CH,CO),O CH,=CHCN 
I +IV- 


stirred at  room temperature for 2 hr (Scheme 111). The reaction mixture 
was filtered, the filtrate was washed with saturated sodium carbonate 
and then brine, dried over anhydrous sodium sulfate, and concentrated 
to dryness. The residue was purified by column chromatography on silica 
gel with chloroform to afford N-[4-[N'-(2-~yanoethyl)-N'-dansyI- 
amino]butyl]acetamide (XVII), 0.12 g (yield 99%). 


Compound XVII was catalytically reduced using the method of Frei- 
felder (21) (Scheme 111). A solution of XVII (2.08 g, 5 mmoles) in ethanol 
(30 ml) containing ammonia (1.5 g) was hydrogenated with rhodium- 
on-alumina (10 g) catalyst. The catalyst was removed by filtration, and 
the filtrate was concentrated to dryness in U ~ C U O  to provide crude XVIII. 
A solution of crude XVIII (2.1 g, 5 mmoles) in triethylamine (2 ml) and 
chloroform (25 ml) was treated with a solution of dansyl chloride (1.35 
g, 5 mmoles) in chloroform (15 ml), and the mixture was stirred at  room 
temperature overnight. The usual workup of the reaction mixture pro- 
vided a residue. This residue was purified by column chromatography 
on silica gel with chloroform+thanol(97:3) to provide 2.55 g of pure XIX 
(yield 78%). 


Preparation of Dansyl Derivatives of N1-, W-, and N4-Acetyl- 
spermidines (XV, XIX, and XX)-Spermidine (11) (1.45 g, 10 mmoles) 
was acetylated according to the method of Tabor et al. (19). The crude 
mixture of products was dissolved in triethylamine (5 ml) and chloroform 
(50 ml) and treated dropwise at  room temperature with a solution of 
dansyl chloride (4.5 g, 17 mmoles) in chloroform (30 ml). Then the mix- 
ture was stirred at  room temperature for 2 hr and concentrated in uacuo. 
The residue was treated with water (30 ml) and extracted with chloroform 
(3 X 50 ml). The chloroform solution was washed, dried, and evaporated 
to dryness. 


The fluorescent oil obtained was purified by column (45 X 4.0 cm id.) 
chromatography on silica gel2. Elution with chloroform (containing 0.75% 
ethanol)-ethanol(991) provided tridansylspermidine (0.64 g, 5.4% yield). 
Elution with chloroform-ethanol(9T3) provided the mixture of the three 


* 
OR 11 12 f3 14 15 f6 17 f8 f9 mill flZfi31l4AU 


Figure I-TLC of the fractions obtained by column chromatographic 
separation of the dansyl derivatives from the urine of a patient with 
hepatoma. Solutions tested were: OR, solution of the dansyl derioatiues 
obtained from urine before application to  the column; fl-f14, fractions 
1-14 obtained after column separation; and AU, mixture of the au- 
thentic samples of the dansyl derivatives of IV ( I ) ,  VI (2 ) ,  VII  (3), 
ammonia (4), I (5) ,  I1 (61, and IIZ (7). 


isomeric didansylmonoacetylspermidines (1.48 mg, 22.61% yield), and 
elution with chloroform-ethanol (9O:lO) provided a mixture of the dan- 
syldiacetylspermidines (2.18 g, 47.1% yield). Finally, elution with chlo- 
roform-ethanol(8020) provided an unknown fluorescent substance (0.88 
9). The fraction containing the didansylmonoacetylspermidines was 
chromatographed on a column of neutral alumina3 (28 X 3.0 cm i.d.). 
Elution with chloroform-0.75% ethanol provided a mixture of XV and 
XIX (0.76 g) in approximately a 1:6 ratio. Elution with chloroform-eth- 
anol(97:3) gave XX (0.52 g, 40% of total didansylmonoacetylspermi- 
dines). 


Preparation of Dansyl Derivatives of N-[3-[[4-(3-Aminopro- 
pyl)aminobutyl]amino]propyl]acetamide (XXI) and N-[4-[(3- 
Aminopropyl)amino]butyl ]-N-(4-aminobutyl)acetamide (XXI1)-A 
solution of 111 (0.25 g, 1.21 mmoles) and triethylamine (0.12 g, 1.21 
mmoles) in chloroform (15 ml) at 0' was treated dropwise with a solution 
of acetic anhydride (0.123 g, 1.21 mmoles) in chloroform (10 ml) and then 
allowed to stand at room temperature for 2 hr. The reaction mixture was 
treated dropwise with a solution of triethylamine (0.366 g, 3.6 mmoles) 
and dansyl chloride (1.03 g, 3.82 mmoles) in chloroform (5 ml), allowed 
to stand overnight, treated with aqueous sodium carbonate, and stirred 
for 1 hr. 


The reaction mixture was extracted with water, dried over anhydrous 
sodium sulfate, and evaporated to dryness. The residue was chromato- 
graphed on a silica gel column and eluted with chloroform containing 
increasing amounts of ethanol. Elution with chloroform alone provided 
the unreacted dansyl chloride (0.12 g) followed by a fluorescent un- 
characterized compound (0.135 g). Elution with chloroform-ethanol 
(991) provided tetradansylspermine (0.05 g), and elution with chloro- 
form-ethanol (982) provided the tridansylmonoacetylspermines (0.132 
g, 11.7% yield). Elution with chloroform-ethanol (955) provided the 
didansyldiacetylspermines (0.285 g, 31.3%). 


The fraction containing the tridansylmonoacetylspermines was 
chromatographed on a neutral alumina column. Elution with chloro- 
form-petroleum ether (82) provided XXI (one part), and elution with 
chloroform provided XXII (0.65 part). 


Extraction and Dansylation of IV, VI, and VII from Human 
Urine-A 24-hr urine (1680 ml) was collected from one patient with 
diagnosed hepatoma who had not received therapy. The urine was col- 
lected over toluene, refrigerated during collection, and stored at -20" 
until analysis. An aliquot of urine (1580 ml) was adjusted to pH 10-11 
with 2 N NaOH (about 50 ml) and extracted with 3-methyl-1-butanol 
(4 X 300 ml). Nitrogen was bubbled through the organic solvent extract 


Baker analyzed reagent, silica Keel Dowder, 60-200 mesh. 
~~ ~ 


3 Woelm neutral alumina oxide, Activity IV. 
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Figure 2-Two-dimensional TLC of selected fractions obtained by column chromatographic separation of the dansyl derivatives from the urine 
of a patient with hepatoma. Fractions 9 (2a), 10 (2b), and 11 (2c) were examined. Key: spot 1,  XV;spot 2, XIX; and spot 3, X. 


to remove ammonia. Concentrated hydrochloric acid (30 ml) was added 
to the extract, and the mixture was concentrated to dryness in U ~ C U O  a t  
45'. 


The residue was dissolved in 5% HCl(l0 ml), and the flask was rinsed 
with additional water (25 ml) and acetone (20 ml). Then the solution was 
adjusted to pH 8.5-9 with anhydrous sodium carbonate and treated with 
a solution of dansyl chloride (0.538 g, 2 mmoles) in acetone (20 ml). The 
mixture was stirred at  room temperature for about 12 hr in a covered flask 
and was concentrated to remove the acetone. Water (70 ml) was added 
to dissolve the precipitated solids, and the reaction mixture was extracted 
with chloroform (3 X 100 ml). The combined chloroform extract was 
washed with saturated sodium bicarbonate solution (80 ml) and water 
(50 ml) and dried over anhydrous sodium sulfate, and the solvent was 
evaporated to dryness in uacuo to give a dark-brown oil. 


Isolation and Purification of X, XV, and XIX-Column Chroma- 
tography-The residue obtained from the dansylation reaction was 
dissolved in chloroform, applied on a column (30 X 2.4 cm i.d.) of silica 
gel4, and eluted with chloroform-ethanol. The elution on the column was 
monitored with a long wavelength UV lamp, and 15 fluorescent fractions 
were collected. The solvent composition and volumes (milliliters) of the 
fractions were: chloroform (containing 0.75% ethanol), 200,300,300,400, 
and 500; chloroform-ethanol (98:2), 150,100,300, and 200; chloroform- 
ethanol (95:5), 500,300,300,400, and 200; and chloroform-ethanol(82), 
300. 


A sample of each fraction was applied to a TLC silica gel GF plate (250 
pm, 20 X 20 cm). A sample of the crude dansylation reaction prior to the 
column separation and a mixture of the authentic samples of the dan- 
syldiamines, dansyl polyamines, and N-(monoaminoalky1)- and N -  
(polyaminoalky1)acetamides were also applied to the same plate. The 
plate was developed in chloroform-2-propano1(101) and examined under 
a long wavelength UV lamp (Fig. 1). 


Fraction 9 contained primarily XV and a small amount of XIX together 
with other fluorescent impurities. Fraction 10 contained a mixture of XV 
and XIX together with some fluorescent impurities. The dansyl deriva- 
tive of IV was eluted in fraction 11. Each fraction was examined by two- 
dimensional TLC (Fig. 2). 


Analytical TLC-Silica gel GF plates5 (250 pm, 20 X 20 cm) were used 
in one- or two-dimensional analysis. The solvent systems used were: 
Solvent 1, chloroform-2-propanol (101); and Solvent 2, chloroform- 
triethylamine (102). The developed plates were examined under a long 
wavelength UV lamp. Samples from selected fractions after column 
separation were applied to the corner of a TLC plate, and the plate was 
developed in one dimension for 15 cm with Solvent 1. The plate then was 
dried a t  room temperature and developed in a second dimension with 
Solvent 2. 


The desired spots were scraped from the plates and immediately ex- 
tracted with a mixture of equal volumes of triethylamine and 2-propanol 
(8 ml). The extracts were evaporated to dryness in a nitrogen stream a t  
40°, and the residues were stored a t  4' until analysis by one-dimensional 
TLC and high-pressure liquid chromatography (HPLC). Immediately 
before analysis, the residues were dissolved in chloroform, and aliquots 


-~ 


E. Merck, Ge1-60,230-400 mesh. 
Analtech, Newark, Del. 


were spotted on a TLC plate or injected in the HPLC system. The TLC 
plates were developed in Solvents 1 and 2 in one dimension. 


HPLC6-The separation of the dansyl derivatives was achieved, using 
a modification of a published method (22), on a silica7 column (120 cm 
X 2.2 mm i.d.) with chloroform (containing 0.75% ethanol)-triethylamine 
( 100:3). 


Preparatiue TLC-Selected fractions after column separation were 
concentrated to dryness, and the residue was dissolved in an aliquot of 
chloroform. The solution was streaked on silica gel GF plates5 (250 pm, 
20 X 20 cm), and the plates were developed in either Solvent 1 or 2. The 
fluorescent bands corresponding to the desired compounds were scraped 
off and immediately extracted with a mixture of equal volumes of tri- 
ethylamine and 2-propanol. The extract was evaporated to  dryness in 
a nitrogen stream at  40°, and the residue was stored a t  4'. 


Compound XV was obtained in the preparative scale from fraction 9 
using Solvent 2. The residue obtained from the fluorescent band corre- 
sponding in position to XV was examined by HPLC (22) to confirm its 
purity and was submitted for mass spectroscopic analysis. The mass 
spectrum of the residue, together with that of an authentic sample of XV, 
is shown in Fig. 3. 


Compound XIX was obtained from fraction 10 using Solvent 1, which 
was especially good for the separation of XV and XIV (22). The developed 
chromatograms contained two intense fluorescent bands. The upper band 
had the same R/ as XV, and the lower band had the same R, as XIX. The 
extract from the lower band (crude XIX) was concentrated and streaked 
on TLC plates, and the plates were developed in Solvent 2. The residue 
obtained from the fluorescent band that corresponded in position to XIX 
was identified as XIX by comparison of its mass spectrum with that of 
an authentic sample and by its chromatographic mobility on TLC and 
HPLC. Since it contained some low molecular weight impurities, the 
residue was purified on a small silica gel column. After evaporation of the 
solvent, the residue was submitted for mass spectroscopic analysis. This 
mass spectrum, together with that of an authentic sample of XIX, is 
shown in Fig. 4. 


a b 


Figure 3-Mass spectra of the dansyl deriuatiue of V I  obtained from 
the urine of a hepatoma patient (3a) and of the authentic sample of XV 
(3b). 


Model 6000 solvent delivery system, Waters Associates, Milford, Mass., and 


Corasil 11, Waters Associates, Milford, Mass. 
LDC model 1209 fluoromonitor, Laboratory Data Control, Riviera Beach, Fla. 
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Figure 4-Mass spectra of the dansyl derivative of VZZ obtained from 
the urine of a hepatoma patient (4a) and of the authentic sample o f  
X I X  (4b). 


Compound X was purified from fraction 11 using Solvent 1. The con- 
centrated extract from the fluorescent band corresponding to X was re- 
chromatographed on silica gel plates with Solvent 2. The residue obtained 
from the fluorescent band corresponding to X was submitted for mass 
spectroscopic analysis. Figure 5 represents the mass spectrum of X ob- 
tained from urine (50) and that of an authentic sample of X (56). 


Column Chromatographic Purification of XZX-The residue obtained 
after preparative TLC was dissolved in chloroform, applied to a column 
(12 X 1.5 cm id.) of silica gel4, and eluted with chloroform-2-propanol 
(923). The central fraction was collected and concentrated to dryness, 
and the residue was stored a t  4". 


RESULTS AND DISCUSSION 


All target compounds were verified by their elemental analysis (Table 
I) and spectral properties. IR, PMR, and electron-impact mass spectra 
of these compounds were in accord with the proposed structures. IR and 
PMR spectra of XV and XIX were identical. However, these compounds 
showed different chromatographic mobilities on TLC and HPLC and 
different electron-impact mass spectra. IR spectra of the monosubsti- 
tuted amides (VIII-XI, XV, XIX, and XXI) showed the characteristic 
band near 1550 cm-l (amide II), which was absent in the spectra of the 
disubstituted amides (XX and XXII). 


The electron-impact mass spectra of the dansyl derivatives (Figs. 3-5) 
showed relatively intense molecular ions at mle 653 for XV and XIX and 
at  m/e 363 for X. These spectra also showed the expected fragments a t  
mle 170 and 234 due to the dimethylaminonaphthyl and dansyl ions, 
respectively. The fragment corresponding to (M - CnH12NOZS)+ ap- 
peared at  m/e 419 for XV and XIX and at mle 126 for X. 


CONCLUSIONS 


TLC and HPLC examination of the dansyl derivatives from the urine 
of a cancer patient (hepatoma) indicated the presence of VI, VII, and IV 


a b 


Figure 5-Mass spectra of the dansyl derivative of ZV obtained from 
the urine of  a hepatoma patient (5a) and of the authentic sample of X 
(5b). 


Table I-Elemental Analyses of the  Dansyl Derivatives of N- 
(Monoaminoalky1)- and N-(Polyaminoalky1)acetamides 


Molecular Analysis, % Melting 


VIII C16H21N303S C 57.29 57.17 102-103" 


Compound Formula Calc. Found Point 


H 6.31 6.22 
N 12.53 12.61 


H 6.63 6.59 
IX Ci7Hz3N303S C 58.43 58.60 97" 


N 12.02 11.93 
C 59.48 59.26 1OO-10lo 
H 6.93 6.74 
N i i .56 i i . 4 i  
C 60.45 60.23 Oil 
H 7.21 7.48 
N 11.13 10.89 
C 60.62 60.46 Oil - .. 
H -6.63 6.51 
N 10.71 10.60 
C 60.62 60.44 Oil 
H 6.63 6.77 
N 10.71 10.45 
C 60.62 60.72 Oil 
H 6.63 6.57 
N 10.71 10.48 


H 6.51 6.52 
N 10.38 10.19 


H 6.51 6.63 


XXI C4sH6iN707S3 C 61.06 60.80 Oil 


XXII C ~ ~ H S ~ N ~ O &  C 61.06 61.00 Oil 


N 10.38 10.14 


in appreciable amounts. The dansyl derivatives of VI, VII, and IV were 
isolated and purified using a variety of chromatographic methods. The 
mass spectra of these compounds were similar to those of authentic 
samples (Figs. 2,4,  and 5). These data confirmed the identity of these 
compounds and established the presence of VII as well as VI and IV in 
human urine. 


After the completion of the work described, a report appeared de- 
scribing the identification of both VI and VII in the urine of normal 
subjects and cancer patients (23). In that study, the authors isolated these 
compounds from the urine and established their identity on the basis of 
IR spectra, elemental analysis, and the analysis of products obtained by 
acid hydrolysis. The findings reported in the present paper corroborate 
those of Tsuji et al. (23) and provide an unambiguous identification of 
IV in human urine. 
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Dissolution Kinetics of Cholesterol in 
Simulated Bile I: Influence of Bile Acid 
Type and Concentration, Bile Acid-Lecithin Ratio, and 
Added Electrolyte 


K. H. KWAN *, W. I. HIGUCHI *x, A. M. MOLOKHIA *, and 
A. F. HOFMANNk 


Abstract 0 A physical model approach was utilized to investigate cho- 
lesterol monohydrate dissolution kinetics in simulated bile. The static 
pellet method and the Bertboud theory were employed to assess the 
contributions of the diffusion-convection mass transfer resistance and 
those of the interfacial resistance to the overall kinetics. For almost all 
situations studied, the interfacial resistance was the dominant rate- 
determining factor. The effects of four bile acids and their concentrations, 
the bile acid-lecithin ratio, and the added electrolytes and their con- 
centrations on the interfacial resistance were examined. The results were 
correlated with those obtained with human bile samples, and the indi- 
cations were that the kinetics of cholesterol dissolution in bile may be 
explainable on the basis of the principal bile acids, lecithin, and the 
electrolytes in the bile. 


Keyphrases 0 Cholesterol monohydrate-pellets, dissolution kinetics 
in simulated bile, effect of bile acid type and concentration, ratio to lec- 
ithin, and added electrolytes Dissolution kinetics-cholesterol 
monohydrate pellets in simulated bile, effect of bile acid type and con- 
centration, ratio to lecithin, and added electrolytes 0 Bile acids-effect 
of type and concentration on dissolution of cholesterol monohydrate 
pellets in simulated bile 0 Lecithin-ratio to bile acid concentration, 
effect on dissolution kinetics of cholesterol monohydrate pellets in sim- 
ulated bile 0 Electrolytes-effect on dissolution kinetics of cholesterol 
monohydrate pellets in simulated bile 0 Gallstones, model-cholesterol 
monohydrate pellets, dissolution kinetics in simulated bile, effect of bile 
acid type and concentration, ratio to lecithin, and added electrolytes 0 
Steroids-cholesterol monohydrate pellets, dissolution kinetics in sim- 
ulated bile, effect of bile acid type and concentration, ratio to lecithin, 
and added electrolytes 


During the past decade, major advances have been made 
in understanding the cholesterol gallstone problem. But, 
until recently, the only treatment for cholesterol gallstones 
was surgery. Recent studies (1-4) demonstrated that oral 
administration of chenodeoxycholic acid, a naturally oc- 
curring bile acid, to patients with cholesterol gallstones 
decreased the relative concentration of cholesterol in bile 
and induced dissolution of stones in 6-36 months. 


While much is known (5-8) about the thermodynamic 
factors governing cholesterol gallstone formation and 


dissolution in uiuo, there is relatively little information on 
the kinetics of gallstone dissolution. Such studies could be 
important, since a relatively slow rate of dissolution of 
cholesterol gallstones was observed in several clinical 
studies. A theoretical treatment by Higuchi et al. (9) led 
to the proposal that in uiuo dissolution of cholesterol 
gallstones occurred at  rates much slower than anticipated 
when dissolution was solubility-diffusion controlled; 
therefore, the anomalously slow rates for gallstone disso- 
lution observed previously (1) indicated that interfacial 
factors might be important in uiuo. 


Indeed, experimental studies (10, 11) showed that in 
uitro dissolution of cholesterol gallstones in simulated bile 
was dominated by an interfacial barrier at the crystal- 
solution interface. Subsequent dissolution rate experi- 
ments with model gallstones (compressed pellets of cho- 
lesterol monohydrate crystals) yielded comparable results 
and suggested that cholesterol monohydrate pellets were 
valid model gallstones in studies of cholesterol gallstone 
dissolution kinetics. 


Analyses of biliary lipids in patients showing gallstone 
dissolution during chenodeoxycholic acid treatment (3) 
confirmed that desaturation of bile occurs in most in- 
stances. Preliminary experiments on the in uitro dissolu- 
tion of cholesterol gallstones, as well as cholesterol 
monohydrate pellets in micellar bile acid solutions, showed 
(10, 11) that added lecithin significantly decreased the 
dissolution rate, even though its addition enhanced equi- 
librium cholesterol solubility. A review of the chemical 
composition of human gallbladder bile (12) along with 
these observations suggested that the major determinants 
of the dissolution rate process would be the bile acid type 
and its concentration, the bile acid-lecithin molar ratio, 
and the electrolytes and their concentrations. This paper 
reports a systematic study of the effects of these factors on 
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Polymer Sorption of Nitroglycerin and Stability of 
Molded Nitroglycerin Tablets in Unit-Dose Packaging 


M. J. PIKALX, D. A. BIBLER, and B. RUTHERFORD 


Abstract The sorption of nitroglycerin by thermoplastic polymers 
and the stability of molded nitroglycerin tablets in strip packaging were 
studied. The polymers investigated varied greatly in their affinity for 
nitroglycerin, the order of decreasing affinity being: vinyls >> low density 
polyethylene > ionomers > high density polyethylene. With the proper 
choice of packaging, molded nitroglycerin tablets stabilized with povidone 
maintained acceptable potency for up to 2 years a t  26’ when strip 
packaged in unit doses. Chemical decomposition (hydrolysis) of nitro- 
glycerin also was investigated. Povidone accelerated the decomposition 
of nitroglycerin; at high temperature, decomposition was a significant 
factor in tablet stability for tablets containing povidone. 


Keyphrases Nitroglycerin-sorption by thermoplastic polymers and 
stability of molded tablets in various strip packages, effect of povidone 
0 Sorption-nitroglycerin by thermoplastic polymers in various pack- 
aging materials Stability-molded nitroglycerin tablets in various strip 
packages, effect of povidone 0 Packaging materials, various-sorption 
by thermoplastic polymers and stability of molded nitroglycerin tablets, 
effect of povidone Povidone-effect on stability of molded nitroglyc- 
erin tablets in various strip packages Tablets, molded-nitroglycerin, 
sorption by thermoplastic polymers and stability in various strip packages 
0 Dosage forms-molded nitroglycerin tablets, sorption by thermoplastic 
polymers and stability in various strip packages 0 Vasodilators, coro- 
nary-nitroglycerin, sorption by thermoplastic polymers and stability 
of molded tablets in various strip packages, effect of povidone 


Recently, the stability of nitroglycerin tablets has been 
studied extensively (1-4). Nitroglycerin tablets potentially 
can lose potency in four ways: chemical decomposition, loss 


to the atmosphere by vaporization, intertablet migration, 
and sorption by packaging materials. Nitroglycerin 
undergoes thermal decomposition at  elevated temperature 
(5) and may undergo basic hydrolysis (6). However, ni- 
troglycerin decomposition in tablets has not been dem- 
onstrated. 


At  2 5 O ,  the air space above nitroglycerin tablets contains 
1-7 pg of nitroglycerinfliter (41, the exact figure depending 
on the formulation. Thus, when nitroglycerin tablets are 
exposed to adequate circulation of room air, measurable 
losses in potency occur within a few days via vaporization 
(1, 2). Intertablet migration of nitroglycerin, resulting in 
decreased content uniformity upon aging, is a serious 
problem with conventional molded tablets (1,4). Because 
of the migration problem, stabilizing additives have been 
incorporated into tablets (1, 4). The stabilizing additive 
lowers the vapor pressure of nitroglycerin sufficiently to 
prevent most of the migration that would otherwise occur 
(4). 


Sorption of nitroglycerin by packaging materials may 
also have serious consequences for tablet stability (2-5,7, 
8). Conventional tablets strip packaged in an aluminum 
foil-low density polyethylene laminate lost 90% of their 
nitroglycerin to the package (7). Sorption losses were less 
for stabilized tablets (2). However, none of the strip 
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packaging studied maintained adequate tablet potency for 
the stabilized molded tablets ( 2 ) .  


This study concerned the sorption of nitroglycerin by 
packaging materials and the corresponding stability of 
nitroglycerin tablets in strip packaging. Previous studies 
considered only packaging with low density polyethylene 
as the thermoplastic component (i.e.,  the thermoplastic 
material directly exposed to the tablet that is needed to 
seal the package). Vinyls, ionomers, and high density 
polyethylene may also be used as the thermoplastic com- 
ponent or heat-seal film. It will be demonstrated that with 
proper selection of packaging, stabilized molded nitro- 
glycerin tablets maintain acceptable potency for up to 2 
years at  26' when packaged in unit doses. 


EXPERIMENTAL 


Materials-The nontablet nitroglycerin samples were the same as 
previously described (4). Except when specifically noted otherwise, the 
tablets were commercial lots' stabilized with povidone, present as 1% of 
the total tablet weight. Packages I-IX were obtained commercially2. 


Procedures-Assay Methods-Tablets were assayed by one of two 
methods: Method A, an adaptation of Bell's method (9), which is essen- 
tially the same as that described by Fusari (3); and Method B, whereby 
nitroglycerin is extracted from an aqueous solution of the tablets into 
isooctane and then analyzed by the method of Wells et al. (10). Method 
B has been automated for unit-dose analysis of the tablets. 


Nitroglycerin was extracted from the packaging by shaking the pack- 
aging with ethanol until the concentration of nitroglycerin in ethanol did 
not change (1-2 days). The nitroglycerin-ethanol solution was assayed 
according to Method B, omitting the isooctane extraction step. In several 
cases, a second extraction of the packaging was made to verify that no 
nitroglycerin remained. Except for Package IX, blank experiments with 
packaging devoid of nitroglycerin demonstrated that assay interference 
from the package was negligible. A large blank was obtained with Package 
IX. When extracted with isooctane instead of ethanol, this problem was 
eliminated. Therefore, package assays on Package IX were performed 
by extraction with isooctane. 


Dinitroglycerin was determined by semiquantitative TLC following 
the procedure of Page et al. (11). 


Packaging Procedures-Tablets packaged in strip packaging, 30 
tablets/pouch, were heat sealed using a laboratory packaging apparatus?. 
Tablets strip packaged in unit dose, one tablet/pouch, were packaged 
using production machinery4. 


Film Thickness Measurement-The thickness of a heat-seal polymer 
was determined by weighing a known area of polymer film of known 
density (12). The heat seal was separated from the packaging either by 
soaking in aqueous hydrochloric acid (foil-containing packages) or by 
soaking in butyl acetate (Packages VI and VIII). 


X-Ray Scattering Measurements-X-ray scattering data were ob- 
tained using an X-ray diffra~tometer~ with copper radiation and a nickel 
filter. 


Solubility Measurements-Saturation concentrations of nitroglycerin 
in the heat-seal polymer for a given package were determined by exposing 
only the heat-seal film to nitroglycerin vapor from 10% nitroglycerin on 
lactose. Sample holders were constructed from the cutoff top of a high 
density polyethylene bottle and the corresponding screw cap. A disk of 
packaging was placed in the cap with the heat-seal film exposed, and the 
hottle top was screwed down tightly. This procedure effectively elimi- 


Eli Lilly and Co., Indianapolis, Ind. 
Package I: aluminum foil-vinyl; Anaconda Aluminum Co., Louisville, KY 40"0:1. 


Package 11: paper, polyethylene, aluminum foil-vinyl; Aluminum Co. of' America. 
Pittsburgh, PA 15219. Package 111: aluminum foil-vinyl; F-200, Aluminum Co. 0 1  
America, Pittsburgh, PA 15219. Package IV: high density polyethylene film; B-74. 
American Can Co., Greenwich, C T  06830. Package V: cellophane, polyethylene, 
aluminum foil-low density polyethylene; Ivers Lee, Division OF Becton-Dickinson, 
West Caldwell, NJ 07006. Package V I  nylon, Saran-low density polyethylene. 
Package VII: Surlyn 1707 film; du Pont, Wilmington, Del. Package VIII: nylon. 
Saran-Surlyn 1601, du Pont, Wilmington, Del. Package IX: paper, polyethylene, 
aluminum foil-Surlyn 1604; FL 1674, Rexham Carp., Hemington, NJ  08822. The 
foil had been treated with an adhesion promotor identified as Rexham REPOl. 


Sentinel impulse heat sealer, model 125C, Packaging Industries, Hyannis. 
Mass. 


Model VPH4, Wrap-Ade, Clifton, N.J. 
F, Norelco, Mt. Vernon, N.Y. 


Table  I-Hydrolysis of Nitroglycerin in Nitroglycerin-Povidone 
Systems 


Dinitroglycerin Content, 
Nitroglycerin Loss, % b  %C 


Weight Ratio, 1.5 1.5 years, 25' 1.5 1.5 years, 25' 
Povidone to years, plus 1 month, years, plus 1 month, 


Nitroglycerin 25" 50' 25' 50' 


0.22 2 11 1 2 
0.65 7 22 4 7 
1.04 12 22 3 9 
1.56 - - 4 8 
2.13 - - 5 8 


a Samples were pre ared by dry blending povidone and 10% nitroglycerin trit- 
uration on &lactose. f Determined from nitroglycerin assay on initial and aged 
samples. Expressed as weight percent of total nitroglycerin compounds (k, di- 
nitroglycerin and trinitroglycerin); determined by semiquantitative TLC proce- 
dure. 


nated vapor phase contact between nitroglycerin and the side of pack- 
aging not covered with the heat-seal film under investigation. Thus, the 
nitroglycerin sorbed by the packaging was sorbed only by the heat-seal 
film, assuming that permeation of the aluminum foil was negligible. 


The samples (in the holders) were then placed in a glass desiccator 
containing a large excess of nitroglycerin, a moderate vacuum was applied 
(-10 Torr), and the desiccator was sealed. The nitroglycerin content of 
the packaging was assayed after several equilibration times, and the 
saturation value was taken as the nitroglycerin content after equilibrium 
was achieved (1-2 months). 


RESULTS 


The chemical decomposition of nitroglycerin uia hydrolysis was studied 
for nitroglycerin-povidone-lactose systems (Table I). Both 1,2-dinitro- 
glycerin and 1,3-dinitroglycerin were present in the aged samples in 
roughly equal amounts. Dinitroglycerin content is expressed as weight 
percent of the total nitroglycerin compounds. Within the uncertainty of 
the data, both the nitroglycerin loss and dinitroglycerin content were 
independent of the povidone concentration above a weight ratio of 0.6. 
Although the TLC assay is only semiquantitative, the data demonstrate 
that  a significant fraction of the nitroglycerin loss was due to hydrolysis 
of the trinitro ester to dinitroglycerin species. 


High temperature stability of tablets containing povidone are com- 
pared with other formulations in Table 11. Potency loss a t  high temper- 
ature was significantly greater with the povidone-containing formulation. 
TLC analysis showed significant amounts of the 1,2- and 1,3-dinitro- 
glycerin moieties in the aged povidone formulation hut only trace 
amounts in other formulations. 


X-ray diffraction patterns were obtained from the heat-seal films in- 
vestigated (Fig. 1). Diffraction patterns from the ionomers of Packages 
V1I and VIII were similar to the one shown in Fig. 1 for the ionomer of 
Package IX. The vinyls were completely amorphous and gave no peaks 
in the diffraction pattern. The peaks a t  20 = 21' and 20 = 24' are char- 
acteristic of polyethylene crystallinity. The peak a t  20 = 4' from the 
ionomer is characteristic of ionomers and may be caused by clustering 
of cations (13). Taking the intensity and sharpness of the diffraction 
peaks as an index of crystallinity, the crystallinity of the heat-seal films 
decreased in the order: high density polyethylene >> low density poly- 
ethylene (VI) > low density polyethylene (V) > ionomers > vinyls. 


Saturation levels of nitroglycerin in the heat-seal films of various 
packages are summarized in Table 111. 


Potency losses of 0.4-mg stabilized tablets stored in various pouch-type 
packages are summarized in Table IV. The corresponding package assays 
are also listed. If i t  is assumed that chemical decomposition in the pouch 
package is identical to that in the control package (-300 tablets in glass 
with tin-lined screw cap), the package assay, in micrograms per square 


Table  11-Potency Loss of 0.3-mg Tablets at High Temperature:  
ComDarison of Formulations a 


Potency Loss, % 


Conventional tablet, no stabilizer 9 7 


Stabilized tabletb, polyethylene - 


Formulation 6 months, 37' 6 months, 45' 


Stabilized tablet, 1% povidone 17 36 
8 


a Tablets were stored in screw-capped glass bottles with rayon stuffing, 100 
tablets/bottle. * Nitrostat, Parke-Davis and Co. 
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Table 111-Heat-Seal Film Sorption of Nitroglycerin at 
Saturation (Nitroglycerin Source Was 10% Nitroglycerin on 
Lactose) * 


SorDtion of Nitroelvcerin 
37O 


Packageb (Heat-Seal Thickness) 25O, pg/cm2 pg/cm2 wt. % 


I (4.2 pm) 
I1 (3.8 pm) 


111 (3.2 pm) 
IV (53 um) 


210 180 24.8 
160 130 20.8 
160 130 24.0 


1.5 1.4 0.028 
v (19 ;mi 52 40 2.3 


VII (69 pm) 20 25 0.39 
IX (26 pm) 20 22 0.89 


Nitroglycerin vapor pressure, in Torr, is (4) 5.5 X 10-4 at 25' and 22 X lO-'at 
37". See Footnote 2 in the text. 


centimeter, will be identical (within experimental error) to the corre- 
sponding potency loss when no nitroglycerin leaves the package through 
diffusion. With Packages VII and IV, and perhaps with Package 11, the 
potency loss was significantly greater than the package sorption, 
suggesting diffusion of nitroglycerin through the package. 


Data regarding the rate of nitroglycerin removal from the heat-seal 
films of packages are summarized in Table V. The experimental data are 
compared with values calculated from the appropriate solution of Fick's 
law (14): 


where F ( t )  is the fractional attainment of equilibrium, i.e., F ( t )  = 1 a t  
infinite time when all nitroglycerin is removed from the packaging; D is 
the diffusion coefficient of nitroglycerin in the film; 1  is the thickness of 
the film for Package V and is one-half the film thickness for Package V11 
(i.e.,  diffusion occurs from both sides of the film); and t is time. 


The assumption in Eq. 1 is that the distribution of nitroglycerin in the 
heat-seal film is initially homogeneous, The values of D were chosen to 
give the best fit of Eq. 1 to the data. With Package VII, agreement be- 
tween diffusion theory and experimental data was excellent. For Package 
V, agreement was good only at times greater than about 10 hr. At small 
times, nitroglycerin release by the package was slower than predicted by 
simple diffusion theory (Eq. 1). 


Table VI and Fig. 2 compare the stability of nitroglycerin tablets in 
unit-dose strip packages of Package IX with the stability in both con- 
ventional packaging and the control package (-300 tablets in glass with 
tin-lined screw cap). In Table VI, the third and fourth columns give the 
parameters evaluated by a least-squares fit of the data to the equa- 
tion: 


(Eq. 2) 


where k 1 is the first-order rate constant reflecting chemical decomposition 
of nitroglycerin, N is the tablet potency a t  time t ,  and No is the tablet 
potency extrapolated to zero time. The difference between the N o  values 
for the control package and the unit-dose package represents the quantity 
of nitroglycerin absorbed by the heat-seal film of the unit-dose package. 
The uncertainty given for k 1 is the standard deviation of this parameter. 
The last column of Table V1 summarizes the mean content uniformities 
for a number of package-tablet-temperature combinations. The measure 
of content uniformity used here is the relative standard deviation for the 
assay of 30 tablets when the assay results are expressed in weight of ni- 
troglycerin per unit tablet weight. 


In N = In No - k l t  t > 1 month 


: 0 1 , O h  
z_ 2 10 20 30 2 10 20 30 
w 
L 
F 8 0 -  


4 
w 


6 0 -  


40 - 


20- 


Ix 


2 10 20 30 2 10 20 30 


2 9  2 9  
Figure 1-X-ray diffraction patterns from the heat-seal polymers of 
packaging materials. Key: V, low density polyethylene; VI,  low density 
polyethylene; IV,  high density polyethylene; and I X ,  ionomer. 


DISCUSSION 
Decomposition-In previous studies (1-4,7-9), it was assumed that 


chemical decomposition does not contribute significantly to the potency 
loss of nitroglycerin tablets. The present data demonstrate that potency 
loss through decomposition may be significant, at  least when povidone 
is present. Povidone apparently functions as a catalyst for nitroglycerin 
hydrolysis. Although the decomposition rate (Table VI) was slow at 26", 
-0.4%/month, the decomposition rate increased sharply with increasing 
temperature. Clearly, one may not assume that the addition of a nomi- 
nally inert additive, such as povidone, has no effect on the chemical sta- 
bility of nitroglycerin. 


Package Sorption of Nitroglycerin-It is not immediately obvious 
whether nitroglycerin is adsorbed on the heat-seal film's surface or 
whether nitroglycerin is dissolved in the polymer. The slow rate of' ni- 
troglycerin removal from the packaging (Table V) suggests that most 
nitroglycerin is dissolved in the polymer. The data for Package VII  are 
completely consistent with the diffusion theory based on assumption of 
a homogeneous solution of nitroglycerin in the polymer. 


The diffusion theory is less satisfactory for Package V. However, the 
experimental rate is slower than the rate calculated from diffusion theory 
at  small times. Thus, the data are not consistent with a surface adsorption 
model but rather suggest a diffusion model where, in Package V, the 


Table IV-Potency Loss of Tablets and Package Sorption of Nitroglycerin at 37' a 


Package AssavC - 
2 months Potency Lossd 


Packageb (Heat-Seal Thickness) 1 month, pg/cm2 pg/cm2 wt. % 1 month, fig/crn2 2 months, gg/cm2 
I1 (3.8 gm) 


I11 (3.2 pm) 
V (19 pm) 


VI (76 um) 
VII (69 lrmj 


IX (26 pm) 
IV (53 um) 26' 


VIII 


13 
14 
16 
16 


14 2.8 
19 4.6 
16 0.92 
16 0.23 


19 
14 
11 
22 


3.0 3.2 0.049 16 
17 


3.8 4.3 0.17 7 
(4 months) 0.3 0.005 


- 17 18 


25 
21 
14 
22 
29 
19 
7 


(4 months) 5 


Thirty tablets were sealed in a package with 141 cm2 package area exposed to the tablets (4.7 cm2/tablet). All tablets were 0.4 mg initial potency and contained 0.36 
Estimated uncertainty, f1W relative 


Estimated uncertainty, f 2  rg/cm2. Calculated from the difference between tablet assays on strip-packaged tablets 
mg of povidone as a stabilizer. Initial vapor pressure of nitroglycerin (3T)  was 12.3 X lo-' Torr (4). 
error in micrograms per square centimeter data. 
and on tablets in the control package (-300 tablets in glass with tin-lined screw cap). 


See Footnote 2 in the text. 
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Table V-Rate of Nitroglycerin Removal f rom Packaging in 
a Well-Stirred Infinite Water  Medium at 25" 


I 
400 


Nitroglycerin Content of Package, % of Initial 
Hours Experimental Diffusion Theory, Eq. 1 


A 
* A  -* 


Package VII, D = 2.02 X 10-lo cm2/sec 


0.50 78.7 80.2 
1.66 64.9 63.7 
3.67 51.4 46.0 
5.75 31.8 34.0 


21.7 3.2 3.0 
Package V, D = 2.54 X lo-" cm2/sec 


3.64 81.4 65.1 
5.05 77.4 58.5 
7.30 66.3 50.0 


22.5 
27.0 
31.4 


19.4 
12.5 
9.6 


46.7 3.9 


18.6 
13.8 
10.4 
3.8 


diffusion constant of nitroglycerin increases with time a t  small times due 
to water absorption by the polymer. Presumably, equilibration with water 
is so rapid with the more hydrophilic ionomer (Package VII) that  the 
polymer is water saturated throughout the period of nitroglycerin dif- 
fusion. 


With the assumption that nitroglycerin is dissolved in the polymer, 
nitroglycerin sorption by various films is best compared in terms of weight 
percent nitroglycerin in the film. The data in Tables 111 and IV demon- 
strate that  the heat-seal films studied varied greatly in their affinity for 
nitroglycerin. The sorption of nitroglycerin was less when the nitro- 
glycerin source was a stabilized tablet (Table IV) than when pure nitro- 
glycerin was exposed to the polymer (Table 111). This observation is 
consistent with the significantly lower vapor pressure of nitroglycerin 
in the stabilized tablets (4). However, even for stabilized tablets, loss of 
nitroglycerin to the packaging was excessively high for some types of 
packaging. 


The order of decreasing affinity for nitroglycerin was: vinyls >> low 
density polyethylene > ionomers > high density polyethylene. The low 
solubility of nitroglycerin in high density polyethylene is undoubtedly 
due to the high crystallinity of this polymer film (Fig. 1). The solubilities 
of nitroglycerin in Packages V and VI, both low density polyethylene, 
were not identical. The lower solubility in Package VI may have resulted 
from the higher degree of crystallinity of the polyethylene in this package 
(Fig. 1). 


Crystallinity is not the only important factor affecting the sorption of 
nitroglycerin by a polymer film. Chemical structure of the polymer is also 
important. For example, the ionomers have very low crystallinities, but 
nitroglycerin solubility in these films is low. The chemical structure of 
an ionomer differs from polyethylene in that the ionomer contains 


I 26" 


0 a - 300- > I I I I I I 


4 8 12 16 20 24 
MONTHS 


Figure 2-Stability of nitroglycerin tablets in various packages. Key: 
W, initial assay; A, control package; 0, conventional package; and 0, 
unit-dose package, foil-ionomer ( I X ) .  


Table VI-Stability of Nitroglycerin Tablets in Unit-Dose 
Packages: Comparison of Unit-Dose Package IX with 
Conventional Packaging" 


Nominal Tablet Nob, pg/ Mean Content 
Potency, pgIStorage Pack- 35.6 mg k l  (fu)* Uniformity, u, 


Temperature age Tablet month-{ mg/mg 


300/26" Control 


Conven- 
tional 


IX 


400/26O Control 


Conven- 
tional 


IX 


600/26O Control 


Conven-. 
tional 


IX 


300137O Control 


Conven- 
tional 


IX 


400/37O Control 


Conven- 
tional 


IX 


600137" Control 


Conven- 
tional 


IX 


323 


318 


297 


411 


402 


376 


610 


590 


554 


324 


313 


284 


408 


407 


356 


617 


616 


51 1 


0.004 f - 


0.005 f 5.3 


0.005 f 3.3 


0.003 f - 


0.002 f 6.3 


0.004 f 4.2 


0.004 f - 


0.001 f 6.8 


0.003 f 4.0 


0.030 f - 


0.041 f 7.7 


0.002 


0.002 


0.002 


0.001 


0.001 


0.002 


0.002 


0.001 


0.002 


0.002 


0.013 


0.008 
0.040 f 5.2 


0.036 f - 


0.037 f 5.9 


0.037 f 5.0 


0.002 


0.003 


0.005 
0.020 f - 


0.039 f 8.2 
0.003 


0.005 


0.007 
0.022 f 5.3 


0 4.7 cm2 of the unit-dose package was exposed to each tablet. The conventional 
package was 100 tablets in a glass bottle with rayon stuffing and a low density 
polyethylene-lined screw top closure. The control package was -300 tablets in a 
glass bottle without stuffing and a tin foil-lined screw top closure. * The parameters 
N o  and kl are defined by In N = In No - kl t ,  where N is the mean tablet potency 
at time t ,  t 2 1 month. 


structurally bound anions and their corresponding counterions. Perhaps 
the electrostatic field of the ions is sufficient to salt out nitroglycerin in 
much the same way that electrolytes decrease the aqueous solubility of 
many nonpolar solutes. 


Package Permeability-Diffusion of nitroglycerin through the 
package is not a source of potency loss whenever the barrier component 
of the package is essentially impermeable to nitroglycerin. For packages 
containing aluminum foil, one would not expect significant permeability 
to nitroglycerin. Thus, the potency loss should not exceed the nitro- 
glycerin content of the package. With the possible exception of Package 
11, the data in Table IV support this conclusion. Even for films where the 
nitroglycerin solubility is very low, permeation of the film apparently can 
be significant. Permeability was quite high for ionomer (VII) film, while 
high density polyethylene film exhibited small, but probably significant, 
permeability to nitroglycerin even a t  26'. 


Unit-Dose Nitroglycerin-To achieve stability in a unit-dose 
package comparable to the stability in conventional packaging, the 
heat-seal film employed must have a low affinity for nitroglycerin and 
the barrier should be impermeable to nitroglycerin. The data in Tables 
111 and IV indicate that, of the packaging studied, Package IX would be 
the best choice for unit-dose nitroglycerin. Although having a low affinity 
for nitroglycerin, Package IV (high density polyethylene) would probably 
not be suitable for a shelflife of several years. Permeability of the mag- 
nitude suggested by the data would lead to a potency loss of -30% over 
2 years a t  26". 


Figure 2 and Table V summarize the results of a 2-year stability study 
with unit-dose nitroglycerin in Package IX. The control package was 
-300 tablets (full bottle) in a glass bottle closed with a tin-lined screw 
cap. Because of the large number of tablets, the impermeability of the 
container, and the lack of package material that  could absorb nitroglyc- 
erin, tablets in the control package could lose potency only through 
chemical decomposition. Potency losses in the unit-dose or conventional 
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packages in excess of that for the control package would indicate sorption 
by the packaging and/or permeation of the package by nitroglycerin. 


The potency-time curves for the control package and the conventional 
package are not significantly different. Except for a drop in potency 
shortly after packaging due to absorption (8% a t  26O), the potency-time 
curves for the unit-dose package are indistinguishable from those for the 
control package. Therefore, permeation of the package by nitroglycerin 
is not significant. 


The mean content uniformity (Table VI) appears to be slightly better 
for the unit-dose package than for the conventional package. Although 
the tablets studied were stabilized, a small amount of intertablet mi- 
gration (-2% increase in standard deviation) apparently occurred as the 
tablets were aged in conventional containers. Since intertablet migration 
was prevented in the unit-dose package, the content uniformity remained 
essentially unchanged upon aging. 


In summary, acceptable stability for up to 2 years6 a t  26” was dem- 
onstrated for unit-dose nitroglycerin in Package IX. The tablets em- 
ployed in this research were stabilized tablets; conventional tablets would 
probably lose excessive nitroglycerin through absorption. 
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Disposition of Sulfonamides in 
Food-Producing Animals V: Disposition of 
Sulfathiazole in Tissue, Urine, and Plasma of 
Sheep following Intravenous Administration 


RICHARD F. BEVILL*X, GARY D. KORITZ* 
LEWIS W. DITTERT $, and DAVID W. A. BObRNE 


Abstract 0 The plasma, urine, and tissue sulfathiazole concentrations 
were determined at various times following intravenous administration 
to 12 sheep. The plasma and urine data were consistent with a one- 
compartment pharmacokinetic model, with an elimination half-life of 
1.1 hr and a volume of distribution of 0.39 liter/kg. Sulfathiazole was 
eliminated by excretion of unchanged drug in urine (67%) and by for- 
mation of two metabolites. The data obtained from eight tissue sites were 
consistent with the one-compartment pharmacokinetic model presented 
and confirmed that tissue residues of sulfathiazole can be calculated from 
serum and urine drug concentrations. 


Keyphrases 0 Sulfonamides-disposition of sulfathiazole in tissue, 
urine, and plasma of sheep following intravenous administration 0 
Sulfathiazole-disposition in tissue, urine, and plasma of sheep following 
intravenous administration, pharmacokinetic model 0 Pharmacoki- 
netics-sulfathiazole in sheep following intravenous administration0 
Disposition, biological-sulfathiaole in tissue, urine, and plasma of sheep 
following intravenous administration, pharmacokinetic model 0 Anti- 
bacterials-sulfathiaole, disposition in tissue, urine, and plasma of sheep 
following intravenous administration, pharmacokinetic model 


When food-producing animals are treated with anti- 
bacterial drugs, significant drug concentrations may re- 
main for some time in food tissues. Human consumption 


of meat containing drug residues may subsequently cause 
the development of hypersensitivity to drugs used thera- 
peutically or the preferential selection of bacterial strains 
resistant to those drugs (1). 


BACKGROUND 


Normally, drug residues in the food tissues of animals are controlled 
by cessation of treatment a t  some minimum specified time, i.e., the 
withdrawal time, before slaughter, allowing the drug to “washout” from 
the food tissues. However, field surveys reporting the number of carcasses 
with illegal concentrations of antibacterial drugs suggest that a sufficient 
withdrawal time often is not allowed (2). 


The current method for controlling the appearance of drug-contami- 
nated meat on the market consists of randomly checking carcasses at  the 
slaughterhouse. This method is inefficient because drug assays of tissue 
are generally expensive and time consuming and the detection of con- 
taminated carcasses may cause the condemnation of complete carcass 
lots. If a method could be developed to detect animals whose meat con- 
tained more than the tolerance limit of a drug before slaughter, it would 
be possible to delay slaughtering until the drug is below tolerated levels, 
thereby saving the carcass from needless destruction. Furthermore, if 
the detection method analyzed blood or urine instead of tissue specimens, 
it should be possible to reduce the cost and time involved in assay and 
thereby increase the efficiency of surveillance. 
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Effect of Lipids on Enzymatic Activity of 
Pig Heart Mitochondrial Malate Dehydrogenase 
Monomolecular Films 


A. W. MALICK * and N. D. WEINER Sx 


Abstract The effect of various lipids on the enzymatic activity of pig 
heart mitochondrial malate dehydrogenase monomolecular films was 
studied using the subphase exchange technique described previously. 
Surface pressure-surface area ( F A )  curves of mixed films of the enzyme 
with dipalmitoyllecithin, egg lecithin, cholesterol, and phospholipids 
extracted from pig hearts showed that the enzyme interacted with all of 
the lipids and that the enzyme remained in the film at pressures well 
above the collapse pressure of malate dehydrogenase in the absence of 
lipid. The surface enzyme activity was dependent on surface pressure 
for each lipid; in all cases, the lipids greatly broadened the range of surface 
pressures where surface enzyme activity was observed. The K-A and 
enzyme activity data showed good correlation. Although the simple model 
system employed does not simulate the complexity of the biological 
membrane, it gives some evidence for the role of lipids in the stability of 
membrane-bound enzymes. 


Keyphrases Lipids-effect on activity of pig heart mitochondrial 
malate dehydrogenase monomolecular films Enzyme activity-pig 
heart mitochondrial malate dehydrogenase, monomolecular films, effect 
of lipids Malate dehydrogenase, pig heart mitochondrial-monomo- 
lecular films, effect of lipids on activity 0 Films, monomolecular-pig 
heart mitochondrial malate dehydrogenase, effect of lipids on activity 


The importance of lipids for the integrity and function 
of biomembranes is firmly established. New attempts are 
being made to ascertain more accurately the contribution 
of lipids to the properties of biological interfaces. Since 
cellular proteins are mainly situated at interfaces, the as- 
sociation among proteins and lipids at  these interfaces is 
important to understand (1,2).  


Some lipids appear to be crucial for specialized pro- 
cesses, such as enzyme association that affects the orien- 
tation and, in turn, the activity of enzyme molecules. 
Several enzymes associated with membranes and enzy- 
matic reactions at  the biological interface are important, 
and it is of interest to study the catalytic activity of 
membrane-bound enzymes and complexes of these en- 
zymes with lipids at an interface. 


BACKGROUND 


Membrane-bound enzymes are believed to interact with membrane 
lipids, and these interactions may affect the enzyme activity. A lipid re- 
quirement for the catalytic activity of a number of enzymes, e.g., some 
dehydrogenases, was observed (3,4). Enzyme activity was lost or reduced 
when the lipid was removed from the enzyme system. Either stimulation 
or reactivation by lipids of several enzymes was reported (5-ll), and the 
lipid requirement usually exhibited some specificity (3,4,12). Both lipid 
specificity and lipid concentration apparently are involved in the activity 
of lipid-requiring enzymes. To perform its enzymatic function, an enzyme 
also must possess the correct conformation. 


Film studies a t  an air-water interface of enzymes and enzyme-lipid 
complexes can investigate the behavior of membrane-bound enzymes. 
The principal inducement to the study of such systems is their close 
analogy to the membrane of normal cells. Therefore, they have been in- 
vestigated as working models for cell membranes from the point of view 
of both membrane structure and function (13). 


Previously (14), a technique for studying the catalytic activity of en- 
zymes spread as a film at an air-water interface by exchanging the sub- 
phase under the film to remove unspread enzyme molecules was reported. 


In these studies, pig heart mitochondrial malate dehydrogenase, a vital 
member of the tricarboxylic acid cycle, was used. Mitochondrial malate 
dehydrogenase was chosen as a model because it is a membrane-bound 
enzyme that forms stable monolayers at  the air-water interface and offers 
a convenient assay for catalytic activity. Heart muscle has been used as 
the primary source for the isolation and purification of this enzyme 
(15). 


Mitochondrial malate dehydrogenase is very unstable in aqueous so- 
lutions, and this instability has been ascribed to the removal of the en- 
zyme by severe extraction procedures from its bound states, which 
suggests that  the enzyme is firmly bound in the mitochondrion. Phos- 
pholipids constitute about 20% of the total weight of the mitochondrion 
and are present in particulate fractions isolated from pig heart mito- 
chondria (16). 


Whole heart micelles, mitochondrial lipids, and fatty acids reportedly 
increase the stability of the malate dehydrogenase. An increase in activity 
and stability of this enzyme was reported in the presence of mitochondrial 
lipids and a series of saturated and unsaturated fatty acids (16). However, 
at high concentrations of cephalin or egg lecithin, the activity and stability 
of the enzyme decreased (17). It was reported that lysolecithin stabilized 
the enzyme, phosphatidylcholine and phosphatidylethanolamine did not 
significantly alter the enzyme activity, and cardiolipin and phosphati- 
dylserine strongly inhibited the enzyme (18). In all of the studies cited, 
enzyme activity was determined in the bulk phase. 


One study (19) reported that  the enzyme adsorbed onto lipid mono- 
layers from a subphase solution and that enzyme adsorption was greater 
in the case of negatively charged lipids as compared to neutral or posi- 
tively charged lipids. The catalytic activity of such complexes when re- 
moved from the surface was studied, and the surface enzyme activity was 
only a fraction of that in the bulk (19). 


The purpose of this phase of the study was to investigate both the film 
behavior and the catalytic activity of pig heart mitochondria1 malate 
dehydrogenase-lipid complexes a t  the air-water interface using both 
synthetic lipids and lipids of biological origin. An important aspect was 
to study enzyme activity with lipids a t  varying film pressures. This aspect 
is of interest because it allows a change in the conformations, orientations, 
and interactions of the enzyme molecules. 


EXPERIMENTAL 


Materials-Malate dehydrogenase' (porcine heart) was supplied as 
a suspension in 709/0 saturated ammonium sulfate solution. Oxalacetic 
acidZ and reduced nicotinamide adenine dinucleotide' (NADH), 90%, 
were used to measure enzyme activity. The lipids egg lecithin3, dipal- 
mitoyllecithin2, and cholesterol were chromatographically pure. The 
mixed pig heart phospholipids were extracted by a procedure outlined 
by Kates (20). 


The inorganic chemicals, all reagent grade, were checked for surface 
impurities. The water was first deionized by passing distilled water 
through a mixed resin bed of a demineralizer4 and then distilled twice 
from an all-glass still. All buffer solutions were passed through a column 
of activated charcoal. Organic solvents were spectrograde and were 
checked for surface impurities. 


Apparatus and Monolayer Methods-The apparatus and procedure 
for subphase exchange and for determining the n-A isotherms for protein 
monolayers spread a t  the air-water interface were described previously 
(1,14). In mixed films of malate dehydrogenase with lipids, the lipid was 
spread first; then, after 15 min, the protein was spread by the Trurnit (21) 
method. After another 25 min, compression of the mixed film was ini- 
tiated. For lipid films alone, compression was started 40 min after 


1 P. L. Biochemicals, Milwaukee, Wis. 
2 SchwardMann, Orangeburg, N.Y. 


Extracted in this laboratory. 
Bantam. 
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Figure 1-The r - A  curves of films spread on pH 7.4 phosphate buffer. 
Key: 0, 2.95 X mg of dipalmitoyllecithin; W ,  8.1 X low2 mg of 
malate dehydrogenase and 2.95 X mg of dipalmitoyllecithin mixed 
film; and Ir, 8.1 X mg of malate dehydrogenase. 


spreading. Hexane-ethanol(955 v/v) was the solvent used for spreading 
dipalmitoyllecithin, hexane was used for cholesterol and egg lecithin, and 
benzene-chloroform (97:3 v/v) was used for pig heart phospholipid ex- 
tract. 


The procedure for determining catalytic activity of the surface-spread 
enzyme was given previously (14). 


To determine the amount of enzyme adsorbed at  the air-water inter- 
face after subphase exchange, films were removed by negative pressure 
using a narrow glass tube and then analyzed for protein content by a 
modification of the Lowry (22) technique. 


RESULTS AND DISCUSSION 


r-A Behavior of Lipid-Enzyme Mixed Films-The T-A behavior 
of mixed monolayers of malate dehydrogenase with dipalmitoyllecithin 
(a saturated phospholipid), egg lecithin (an unsaturated phospholipid), 
cholesterol, and pig heart phospholipids (a phospholipid of the same 
source as that of the enzyme) was studied. In all cases, the films were 
stable and gave reproducible K-A curves. 


Penetration and possible interaction between lipids and proteins in 
monolayers can be detected by an increase in surface pressure if the area 
is kept constant or by an increase in area if the surface pressure is kept 
constant. In the presence of a previously spread lipid, the protein can 
penetrate the film in either a partially unfolded or completely unfolded 
state, depending on the available space. The protein applied would have 
its hydrocarbon tails out of the subphase, interacting with the side chains 
of the lipid, while its polar groups would anchor it to the surface. Thus, 
protein incorporation into the lipid monolayer indicates the existence 
of a hydrophobic site capable of association with hydrocarbon chains of 
the lipid. 


Hydrophobic associations of the protein with the phospholipid facil- 
itated by initial electrostatic binding were proposed (23). A similar 
binding-mediated penetration of cholesterol monolayers by proteins also 
was proposed (24). It was suggested (25) that the polar portions of the 
surfactant molecule may interact with their counterparts in the protein 
film through permanent dipole attraction, dipole-induced dipole inter- 
action, and electrostatic attraction. The nature of this adsorption may 
disrupt hydrogen bonding, which partially stabilizes the tertiary protein 
structure and makes the protein molecule more amenable to unfold- 
ing. 


Adsorption of pig heart mitochondrial malate dehydrogenase from an 
enzyme subphase solution onto lipid monolayers at high surface pressures 
was reported (19). 
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Figure 2-The r - A  curves of films spread on pH 7.4 phosphate buffer. 
Key: Ir, 3.2 X l op2  mg of egg lecithin; and 0, mixed film of 8.1 X 
mg of malate dehydrogenase and 3.2 X mg of egg lecithin. 


Figure 1 shows the +A plots of dipalmitoyllecithin, malate dehydro- 
genase, and dipalmitoyllecithin-malate dehydrogenase mixed films. In 
all cases, the subphase was exchanged. The dipalmitoyllecithin concen- 
tration was chosen so that the interaction of malate dehydrogenase could 
be studied at  low and high surface pressures of the mixed film. The sur- 
face pressure of the dipalmitoyllecithin film was about 2 dynes/cm prior 
to protein addition. 


Figure 1 shows that the mixed film was expanded at  all areas relative 
to the dipalmitoyllecithin film alone. The increase in surface pressure 
at  a given surface area is taken as a measure of interaction between the 
lipid monolayer and the protein. The degree of expansion, AT, of the 
mixed film decreased as the surface pressure increased, suggesting that 
some protein may be squeezed out of the mixed film or may move to a 
nonarea-determining position at  high r values. There is no crossover of 
the K-A plots of the mixed film and the dipalmitoyllecithin film, and film 
expansion persisted even beyond the point a t  which the protein film in 
the absence of lipid became unstable. An expansion of the mixed film over 
that of the lipid film at  r values below the collapse pressure of the protein 
can be due to simple adsorption of the protein at  the interface. However, 
if the expansion is observed at higher K values, it suggests penetration 
of some part of the protein into the hydrocarbon portion of the lipid 
monolayer (23). 


The decrease in A r  of the mixed film at  higher surface pressures 
suggests that there is no true complex formed. The resultant increase in 
the area of the dipalmitoyllecithin film after the application of the protein 
may involve protein penetration, as suggested previously (23,24,26,27), 
when the polar groups of the protein anchor to the polar head groups of 
the lipid and the hydrocarbon residues of the enzyme align themselves 
with the fatty acyl chains of the lipid through van der Waals forces. The 
possible partial removal of the enzyme at higher surface pressures can 
be accounted for by differences in chain lengths of the hydrophobic tails 
of the protein and the lipid. With equal chain lengths, stronger adhesion 
and less possibility of ejection of the protein molecules would be ex- 
pected. 


Figure 2 shows the r - A  plots of egg lecithin and a malate dehydroge- 
nase-egg lecithin mixed film. The molar ratio of lipid to protein was the 
same as for the dipalmitoyllecithin-enzyme mixed film. The mixed film 
of the protein and egg lecithin was expanded at all areas relative to the 
egg lecithin film. The value of A r  of the mixed film at higher K values 
decreased, as was the case with the dipalmitoyllecithin-malate dehy- 
drogenase mixed film (Fig. 1). Thus, protein penetration of the lipid film 
appears to be the interaction mechanism between egg lecithin and malate 
dehydrogenase. 


A comparison of Figs. 1 and 2 shows that the expansion of the lipid 
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Figure 3-The r - A  curves of films spread on pH 7.4 phosphate buffer. 
Key: .,1.55 X l o p 2  mg of cholesterol; and Sr, mixed film of 8.1 X 
mg of malate dehydrogenase and 1.55 X lov2 mg of cholesterol. 


films by malate dehydrogenase was greater for the egg lecithin film than 
for the dipalmitoyllecithin film. With the egg lecithin-enzyme mixed film, 
the expansion seemed to he greatest a t  intermediate ?r values. 


If the magnitude of expansion of the lipid film by the protein is taken 
as a criterion of the degree of interaction, these results suggest that malate 
dehydrogenase interacts more strongly with egg lecithin than dipalmi- 
toyllecithin. The fatty acyl chains of dipalmitoyllecithin are saturated 
(28), and the molecule of egg lecithin is of the 1-saturated 2-unsaturated 
type (29). Thus, there is a better packing of molecules in the monomo- 
lecular films of dipalmitoyllecithin as compared to egg lecithin, and the 
greater motional freedom of the acyl side chains of egg lecithin would be 
expected to result in a greater interaction between the hydrophobic side 
chains of the protein and the lipid. 


Figure 3 shows the r-A plots of cholesterol and a malate dehydroge- 
nase-cholesterol mixed film. The molar ratio of lipid to protein was the 
same as for the other lipids. The cholesterol film became highly expanded 
in the presence of malate dehydrogenase, from low ?r values to about 22 
dynedcm. After this point, an increase in the pressure produced a gradual 
decrease in the film area. However, beyond 32 dyneshm, the mixed film 
became very condensed but not superimposable with the pure cholesterol 
film. 


The large expansion shown suggests a strong interaction of cholesterol 
and malate dehydrogenase. Reduction of A r  of the mixed film at  higher 
r values in this case may also be due to the removal of a portion of the 
enzyme from an area-determining position to a nonarea-determining 
position or to a portion of the protein being squeezed out of the mixed 
film. 


Colacicco (30) also observed that cholesterol films can pull large 
quantities of protein into the monolayer. The surface density of anchored 
protein, as expressed by the AT values, is much larger with cholesterol 
than with the phospholipids studied. How cholesterol interacts with 
proteins is still quite unclear. Colacicco (30) suggested interspersion of 
cholesterol within the subunits of protein film. Van Deenen (31) dem- 
onstrated that the interaction of the hydrophobic part of the sterol 
molecule is of critical importance in protein-sterol interactions in mo- 
nolayers. The presence and orientation of the hydroxyl group in choles- 
terol also are important for this interaction (30,31). In mixed monolayers 
of cholesterol and protein, the hydroxyl group of the cholesterol can in- 
teract with the peptide bonds of proteins (32). 


Figure 4 shows the r-A plots*of films of the total phospholipid extract 
from the pig heart and the malate dehydrogenase-total phospholipid 
extract mixed films. On a weight basis, an amount of the total phospho- 
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Figure 4-The r-A curves of films on pH 7.4 phosphate buffer. Key: 
.,2.95 X mg of pig heart phospholipids; and A, mixed film of 8.1 
X mg of pig heart 
phospholipids. 


lipid extract spread was equivalent to the amount of dipalmitoyllecithin 
used in the studies of malate dehydrogenase-dipalmitoyllecithin mixed 
films. The total phospholipid extract from pig heart formed stable films 
which gave reproducible ?r-A curves. 


Figure 4 shows a large expansion of the total phospholipid extract film 
by malate dehydrogenase. A comparison of Figs. 1,2, and 4 shows that 
the expansion by malate dehydrogenase was greatest for the total phos- 
pholipid extract when compared with dipalmitoyllecithin and egg lecithin 
films. This result suggests a relatively strong interaction between the 
enzyme and the phospholipids from the same source as the enzyme and 
could be due to specific interactions between malate dehydrogenase and 
the phospholipids from the natural source. Penetration of the lipid film, 
rather than a complex formation between the enzyme and the lipid, seems 
to be occurring since the degree of expansion is reduced at  higher pres- 
sures. 


Catalytic Activity of Malate Dehydrogenase F i l m s T h e  catalytic 
activity of malate dehydrogenase films in the absence of lipids was pre- 
viously reported (14). 


Figure 5 shows the catalytic activity of the enzyme film in the absence 
of lipid and the catalytic activity of the enzyme film in the presence of 
dipalmitoyllecithin. The activity of the enzymedipalmitoyllecithin film 
remained relatively constant up to a surface pressure of about 11 
dynes/cm. Beyond 11 dynes/cm, catalytic activity decreased with in- 
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Figure 5-Catalytic activity of malate dehydrogenase versus surface 
pressure plots. Key: 0, malate dehydrogenase film; and Sr, malate de- 
hydrogenase-dipalmitoyllecithin mixed film. 
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Figure 6-Catalytic activity of malate dehydrogenase versus surface 
pressure plots. Key: 0 ,  malate dehydrogenase film: and 6, malate de- 
hydrogenase-egg lecithin mixed film. 


creasing surface pressures. At  high surface pressures, the orientation and 
conformation of the enzyme-lipid complex must be changing in a way 
unfavorable for enzyme activity. 


Figure 5 shows a stabilizing effect of the lipid, particularly a t  low sur 
face pressures, where the enzyme activity was significantly increased over 
that of the enzyme film in the absence of lipid. The stabilizing effect was 
also apparent a t  higher surface pressures. At surface pressure values of 
16 and 18 dynes/cm, just about all of the surface enzyme activity was lost 
in malate dehydrogenase films in the absence of dipalmitoyllecithin. 
Therefore, the dipalmitoyllecithin not only increases the activity of the 
enzyme but also greatly broadens the pressure range where this activity 
occurs. 


Figure 6 shows the catalytic activity of'the enzyme film in the absence 
of lipid and the catalytic activity of the enzyme film in the presence of 
egg lecithin. In this mixed film, a dependence of enzyme activity on 
surface pressure was also observed. At intermediate surface pressures 
(9-14 dynedcm), catalytic activity remained relatively constant. Beyond 
16 dynedcm, catalytic activity decreased with increasing surface pressure. 
Egg lecithin also increased the enzyme activity of malate dehydrogenase 
and broadened the pressure range over which the enzyme activity was 
observed as compared to that of the enzyme in the absence of lipid. 


A comparison of Figs. 5 and 6 shows that the catalytic activities of the 
enzyme-dipalmitoyllecithin and the enzyme-egg lecithin films were 
within the same range of values between surface pressures of 11 and 16 
dynes/cm. However, the range of surface pressures over which the en- 
zymatic activity was observed was broader for egg lecithin than for di- 
palmitoyllecithin. With dipalmitoyllecithin, significant catalytic activity 
was observed up to a surface pressure of 18 dynes/cm. However, in en- 
zyme-egg lecithin films, catalytic activity was observed up to a surface 
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Figure 7-Catalytic activity of malate dehydrogenase versus surface 
pressure plots. Key: 0 ,  malate dehydrogenase film; and *, malate de- 
hydrogenase-cholesterol mixed film. 
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pressure of about 22 dynes/cm. Therefore, the interaction of the enzyme 
with the unsaturated phospholipid, egg lecithin, apparently is more fa- 
vorable for stabilization of the enzyme than the interaction with the 
saturated phospholipid, dipalmitoyllecithin. 


Moreover, the surface area expansion effect was greater with the egg 
lecithin-enzyme films than with the dipalmitoyllecithin-enzyme films 
(Figs. 1 and 2), indicating a greater interaction for the former. 


Figure 7 shows the catalytic activity of the enzyme film in the absence 
of lipid and the catalytic activity of the enzyme film in the presence of 
cholesterol. A comparison of Figs. 5 7  reveals that the maximum catalytic 
activity observed in any of these systems was with the cholesterol-malate 
dehydrogenase mixed film a t  low T values. The maximum activity in 
arbitrary units observed at any surface pressure was 4.08,3.5,3.2, and 
2.65 for films of enzyme-cholesterol, enzyme-dipalmitoyllecithin, en- 
zyme-egg lecithin, and enzyme alone, respectively. 


Figure 7 shows that catalytic activity of the enzyme-cholesterol film 
decreased with an increase in surface pressure. Initially, a gradual de- 
crease was observed, but there was a sharp decrease beyond 15 dynes/cm. 
Comparison with the enzyme activity in the absence of any lipid shows 
that cholesterol not only stabilized the enzyme film but increased max- 
imum surface enzyme activity significantly a t  ?r values up to 9 dynes/cm. 
Even at a surface pressure as high as 22 dyneshm, there was significant 
enzyme activity. A comparison of the surface catalytic activity of en- 
zyme-dipalmitoyllecithin, enzyme-egg lecithin, and enzyme-cholesterol 
films shows that the activity of the enzyme-cholesterol film was higher 
a t  low surface pressure values. The maximum area expansion by the 
enzyme was observed in the enzyme-cholesterol films. 


Figure 8 shows the catalytic activity of the enzyme film in the absence 
of lipid and the catalytic activity of the enzyme film in the presence of 
a pig heart phospholipid extract. The enzyme activity of the mixed film 
was higher at all surface pressures as compared to the film of malate 
dehydrogenase in the absence of lipids. Considerable enzyme activity was 
maintained even a t  pressure as high as 23 dynes/cm. The presence of 
phospholipid stabilized the enzyme and greatly broadened the surface 
pressure range over which activity was observed. 


A comparison of Figs. 5-7 shows that the activity of the pig heart total 
phospholipid extract-enzyme mixed film was lower a t  smaller surface 
pressure values and greater at higher surface pressure values compared 
to enzyme-dipalmitoyllecithin, enzyme-egg lecithin, and enzyme-cho- 
lesterol mixed films. These results show that the enzyme was stabilized 
to a greater extent a t  high surface pressure values by the pig heart 
phospholipid extract compared to the other lipids studied. This obser- 
vation is quite meaningful, since the surface pressure exerted by a living 
membrane is considered to be rather high (33). 


Table I-Amount of Protein at the Interface after Subphase 
Exchange 


Found, 
mg x 102 Film 


Malate dehydrogenase 2.4 
Malate dehydrogenase-cholesterol 2.2 
Malate dehydrogenase-dipalmitoyllecithin 2.0 
Malate dehydrogenase-egg lecithin 1.9 
Malate dehydrogenase-pig heart phospholipids 1.8 
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It has been suggested that the enzyme may have very specific re- 
quirements for optimal stabilization by a phospholipid and that these 
requirements would be expected to be met by the lipids from the same 
organ as the enzyme. The greater stabilization of the enzyme at  higher 
surface pressures by the pig heart phospholipid extracts compared to the 
other lipids studied possibly may result from specific physical interactions 
between the enzyme and lipid mixture a t  these higher pressures. An in- 
crease in the stability of the enzyme by pig heart lipid micelles also was 
observed in bulk studies (16). 


Amount of Protein Anchored after Subphase Exchange-The 
results of the protein content analysis for the various malate dehydro- 
genase films are shown in Table I. The amount of protein remaining at  
the surface after exchange ranged from 0.018 to 0.024 mg. The amount 
of protein applied initially to the surface was 0.081 mg. The maximum 
amount of protein remaining at  the interface after subphase exchange 
occurred with the malate dehydrogenase film in the absence of any lipid. 
All of the mixed films resulted in a slight reduction in the amount of en- 
zyme remaining at the surface. An obvious explanation for these effects 
is that protein cannot occupy the same areas of the interface occupied 
by the lipid molecules and that the area of the interface available to the 
protein is thereby decreased (34). 


Since the amount of protein remaining at the surface in different films 
studied falls within a narrow range, the differences in enzyme activity 
of the various enzyme films and the increase in enzyme activity in the 
presence of the lipids are not results of an increasing amount of enzyme 
held at  the surface but are due to changes in orientation of the enzyme 
molecules because of surface pressure changes and interaction with lip- 
ids. 


SUMMARY 


The results of this study show that the catalytic activity of the malate 
dehydrogenase films was dependent both on the lipid present and the 
surface pressure of the film. The activity of the enzyme was increased in 
the presence of all of the lipids studied. 


Although the simple model system does not simulate the complexity 
of the biological membrane, it gives some evidence of the lipid require- 
ment for catalytic activity and the role of lipids in the stability of mem- 
brane-bound enzymes. Lipids, vis-a-vis membrane-bond enzymes, can 
be looked upon as serving two functions. First, they restrict and localize 
the enzyme. Second, they serve a regulatory function, thereby controlling 
the degree of enzyme activity by changes in the state of compression of 
the membrane. 
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Thebaine Content of Selections of 
Papaver bracteatum Lindl. at Different Ages 


P. G. VINCENTx, C. E. BARE, and W. A. GENTNER 


Abstract 0 Approximately 200 accessions of Papauer species were 
evaluated for identification as P. bracteaturn Lindl. and for thebaine 
content. Fifteen authentic P. bracteaturn accessions were selected on the 
basis of chromosome count. Statistical analyses of variation in alkaloid 
content were made for these accessions. Four of the 15 warranted further 
study based on the vigor of the plant and the total thebaine present in 
the tissue. Significant variability in thebaine content was found in wild 
strains of P. bracteatum, thus requiring genetic selection studies. The 
data showed that total yield potential of thebaine should be considered 
in selecting P. bracteaturn strains for commercial growth rather than 
concentrating on strains that produce the highest thebaine concentra- 
tions. A method for the quantitative estimation of thebaine from P. 
bracteaturn is presented. 


Keyphrases 0 Thebaine-GLC analysis, root and aboveground portions 
of various strains of Papauer bracteatum Papaver bracteaturn- 
various strains, root and aboveground portions, GLC analysis of thebaine 
0 GLC-analysis, thebaine in root and aboveground portions of various 
strains of Papaver bracteaturn Alkaloids-thebaine, GLC analysis in 
root and aboveground portions of various strains of Papauer bracteaturn 


Narcotics-thebaine, GLC analysis in root and aboveground portions 
of various strains of Papaver bracteaturn 


Plants in the family Papaveraceae have been analyzed 
for alkaloids for more than a century. The genus Papauer 
and specifically P. somniferum, the opium poppy that 
produces thebaine, codeine, morphine, and other alkaloids, 
has received the most attention (1). 


With the growing shortage of medically useful codeine, 
an alternative source has been sought. P. bracteatum, a 
potential source of thebaine, reportedly contains as much 
as 3.5% of this alkaloid in mature capsules a t  a purity of 
95% or greater (2, 3). Treating thebaine with hydrogen 
bromide results in a 76% yield of codeinone. Codeinone is 
reduced to codeine by the Meerwein-Pondorff process or 
by sodium borohydride in commercial preparations (4). 


Extraction from P. bracteatum of reliable supplies of 
thebaine and chemical transformation to codeine and re- 
lated derivatives for legitimate medical needs might reduce 
dependency on morphine. Morphine from opium now 
supplies about 95% of the codeine used in the United 
States ( 5 )  as well as 100% of the heroin, the most abused 
illicit drug in the United States'. 


Dr. Quentin Jones, Staff Scientist in charge of Narcotics Program, National 
Program Staff, Agricultural Research Service, U.S. Department of Agriculture, 
personal communication. 


EXPERIMENTAL 


Plant Source-The origin of collections and chromosome numbers 
of the 15 accessions of P. bracteaturn used are shown in Table I. The 
initial genetic stock of the Papauer species consisted of about 200 ac- 
cessions from the Middle East and were reduced to the 15 accessions on 
the basis of chromosome counts of root tip cells, floral characteristics, 
and alkaloid profile. The remaining accessions (-185) were found not 
to be P. bracteatum. Chromosome counts were made2 on immature plants 
to separate three closely related species found in the same geographic area 
where the seeds were collected from stands with no apparent prior cul- 
tivation, i.e., l'. orientale (2n = 28), P. pseudo-orientale (2n = 42), and 
P. bracteaturn (2n = 14). 


Plant Culture-Seeds from accessions were planted in 7.6-cm peat 
pots? in the greenhouse in composted potting soil with about 4.2% organic 
matter and 33% pit washed sand; the pH was 6.2-6.5. Greenhouse con- 
ditions were: illumination, ambient (September-November); tempera- 
ture, 20-25'; fertilizer, none; and insecticides (applied once each month), 
(5-benzyl-3-furyl)methyl cis-trans-(+)-2,2-dimethyl-3-(2-methylpro- 
peny1)cyclopropanecarboxylate for white fly control and tricyclohex- 
ylhydroxystannane for spider mite control. 


Seedlings were successively thinned to five, three, and one per pot. 
Plants were sampled for thebaine content at  5, 7, and 11 months of 
growth. In September, after 11 months, the plants were transferred to 
the field; field soil was Elkton silt loam (typic ochraquult), pH 5.8. Soil 
analysis showed: magnesium, 143 kghectare; phosphate, 280 kghectare; 
and potash, 77 kg/hectare. Fertilizer amendments were: limestone, 840 
kg/hectare, ammonium nitrate (34% N), 84 kg/hectare; phosphate (46% 
PzO5), 90 kg/hectare; and potash (60% K20 in KCl), 269 kg/hectare. 


Immature plants were analyzed for the thebaine content, fresh and dry 
weight yields of roots, and aboveground parts at  time of harvest. The leaf, 
stem, capsule, and sometimes root tissue of mature plants were analyzed 
on a fresh and dry weight basis the following May, 2 weeks after petal fall. 
Approximately 80-90% of plants transferred to the field flowered. All 
plant harvesting was done a t  the same time of day to eliminate effects 
of diurnal variation on alkaloid concentrations. 


Analytical-Analysis of variance was made of 1 I-month-old immature 
plants. 


Thebaine yields from root, aboveground part, stem, and capsule tissues 
oven dried a t  60' or freeze dried were compared. All tissues were ground 
to pass a 40-mesh sieve. Three 100-mg samples of each tissue dried by 
each method were taken. One sample was oven dried a t  110" overnight 
for the determination of residual water content; the second was extracted 
in 50 ml of methanol-ammonium hydroxide (98:2 v/v) by rotation for 1 
hr at 120 rpm; the third was extracted with 5% aqueous acetic acid, the 
reference extraction solvent, and purified as recommended by the United 
Nations (6). Routine analyses were from samples extracted in metha- 


M. L. Stiff, U S .  Department of Agriculture. 
Jiffy pots. (Mention of a trademark or proprietary product does not constitute 


a guarantee or warranty of the product by the U.S. Department of Agriculture and 
does not imply its approval to the exclusion of other products that  may also be 
suitable.) 
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Table I-Sources a n d  Chromosome Numbers of P. bracteaturn0 


P.I.6 
or Other 


Designation Seed Source Location SAT' 2nd 


3832 11 United Iran 2 14 


383309 United Iran 2 14 


UNB-4 United Iran 2 14 


378554 Abraham Iran 1 , l  14,21e 
378555 Abraham Iran 1 14 
378556 Abraham Iran 1 14 
378581 Abraham Iran 1 14 
381600 Goldblatt Mahabad, Iran 2 14 
381601 Goldblatt Pol-e-zanguleb, Iran 0 14 
381602 Goldblatt Damauand, Iran 2 14 
381603 Goldblatt Damauand, Iran 2 14 
381604 Goldblatt Marivan, Iran 1 14 
381605 Goldblatt 51 Km. N. Marivan, 2 14 


381606 Goldhlatt 81 Km. N. Marivan, 1 14 


381607 Goldblatt Banch Road, Iran 0 14 
O Data from M. L. Stiff. * Plant introduction number (U. S. Department of Ag- 


riculture). Number of satellite chromosomes. Diploid chromosome number. 
Triploids and aneuploids not previously reported in these species. 


(Arya 11) Nations 


(Arya I) Nations 


Nations 


Iran 


Iran 


nol-ammonium hydroxide (982 v/v). Other solvent systems and the 
stability of thebaine were evaluated and discussed elsewhere (7). 


Thebaine was quantitated by GLC and by spectrophotometry a t  285 
nm. A dual-column chromatograph4 was used. The U-shaped glass col- 
umns, 1.5 m X 4 mm id., previously treated with trimethylchlorosilane, 
were packed with 2% OV-17 on 100-120-mesh Gas Chrom Q. Packed 
columns were conditioned until stable a t  300' in a forced stream of ni- 
trogen. The hydrogen-flame detector was used with a sensitivity of l X 
lo-" amp. The gases and pressures used were: air, 1.2 kg/cm2; hydrogen, 
2.5 kg/cm2; and nitrogen, 1.2 kg/cm2. Head pressure at  the injection port 
was 2.5 kg/cm2. Operating temperatures were: injection port, 280'; col- 
umn, 270'; and detector, 300'. 


Cholesterol acetate was the internal standard. Retention times, de- 
tector responses, and column efficiencies were calibrated with authentic 
thebaine, codeine, and morphine. Morphine was calibrated as its N,O- 
bis(trimethylsi1yl)acetamide derivative because morphine partially ad- 
sorbs on the column. Data were reduced with a digital computing inte- 
grator5. The integrator, calibrated with different weights of alkaloids and 
a constant weight of cholesterol acetate in ethanol, was accurate to 0.02%. 
Standards used for daily calibration of the chromatograph and integrator 
were codeine (0.2 fig/fil), thebaine (0.2 fig/fil), isothebaine (0.2 pglfil), 
morphine (0.4 fig/fil), and cholesterol acetate (1 fig/fil). 


One milliliter of absolute ethanol containing cholesterol acetate (1 
fig/fil) was added to the dried plant extracts prior to analyses. Sample size 
was about 1.5 fi1. Standards and extractants were analyzed in triplicate. 
Stock solutions of thebaine standards were monitored by spectropho- 
tometry at  285 nm in accordance with the recommendations proposed 
by the United Nations Working Group on P. bracteaturn (6). 


TLC of extracted alkaloids of plants corroborated the GLC data. Silica 
gel C was used as the adsorbent on 20 X 20-cm glass plates. The solvent 
system was toluene-acetone-ethanol-6 N ammonium hydroxide (20: 
203:l v/v) (8,9). Plates were activated at  105' for 2 hr and allowed to 
develop beyond 10 cm. For visualization of alkaloids, the developed plates 
were sprayed with Dragendorff s reagent (10) and potassium iodoplati- 
nate reagent (11,12). 


Data in Table I1 show the range, mean Rf X 100, R,, and standard 
deviation values for nine Papauer alkaloids. 


RESULTS AND DISCUSSION 


In all tissues examined, 13-17% less thebaine was extracted from 60' 
oven-dried tissues than from freeze-dried tissues. Residual water content 
of freeze-dried tissue was -5% after atmospheric equilibration compared 
to 110' oven-dried tissue. 


Table I11 shows means, standard deviations, ranges, and coefficients 
of variation for 11-month-old plants. All accessions were tested since 


4 Searle-Analytic. 
5 Spectra-Physics. 


Table 11-TLC Values for  Opium Alkaloids" 


Ranee Mean * 
Alkaloid (Rf X TOO) (R f  X 100) R X C  


Narceine 
Morphine 
Codeine 
Oripavine 
Thebaine 
Orientalidine 
Isothebaine 
Papayerine 
Alpinigenine 


0 0 
8-18 l l f 3  


13-19 
30-40 


49-60 
39-50 


15 f 2 
35 f 2 
45 f 3 
55 f 3 


52-63 51 f 3 
53-65 59 f 5 
60-75 67 f 4 


0 
0.3 
0.3 
0.8 
1.0 
1.2 
1.3 
1.3 
1.5 


Results of no less than 60 TLC runs. The solvent system was toluene-ace- 
tone-ethanol-ammonium hydroxide (20203:l). * Mean of 60 determinations f 
SD. Retention relative to thebaine. 


differentiation or identification of P. bracteaturn beyond the species level 
was based on the area of geographic origin of seed. The total thebaine in 
root tissue varied from 75 to 22,015 fig, a difference between values of 
99.7% of the highest value. For all variables evaluated, the coefficient of 
variation ranged from 22% (thebaine yield from roots per 100 mg of dry 
weight) to 55% (thebaine yield from shoots per total dry weight). These 
data show that the characteristics of P. bracteaturn vary among acces- 
sions. 


Table IV shows the mean thebaine in micrograms per 100 mg of dry 
weight of P. bracteaturn after 11 months of growth. The highest thebaine 
concentration (micrograms per 100 mg of plant dry weight) was found 
in roots of Arya I1 plants. Although this concentration was not signifi- 
cantly higher than that of Arya I plants, it was significantly higher than 
that of all other accessions. However, thebaine content per plant 
(aboveground, roots, and total) was highest for Arya I (Table V), but it 
was not significantly higher than the content in P.I. 381607, for above- 
ground parts. Thus, when dry weights were evaluated (Tables IV and V), 
it was apparent that although accession Arya I1 may have slightly more 
thebaine on a per unit weight basis (although not significantly so) than 
Arya I, accession Arya I does have significantly more thebaine yield per 
plant (dry weight). 


The magnitude of the difference by which Arya I exceeded Arya I1 in 
thebaine per plant could be attributed to differences in vigor of plants 
grown at  Beltsville but, nevertheless, indicates the need for determining 
thebaine content in plants on a total dry weight basis rather than by 
concentration (ie., percent) when evaluating new germ plasm sources 
for alkaloid content. Most reports of thebaine content in P. bracteaturn 
have been made as a percent of unit weight. Among mature field-grown 
plants, total dry weight was greater for Arya I than for Arya 11. 


Characteristics of two promising high thebaine-yielding accessions of 
P. bracteaturn, Arya I and Arya 11, appear in Table VI. The total thebaine 
variation in dried plants of Arya I and Arya I1 was 52 and 45%, respec- 
tively. The difference between the high and low values for total thebaine 
was 98% of the highest value for Arya I and 82% of the highest value for 
Arya 11, which suggested that Arya I1 plants vary less than do Arya I 
plants. For all variables, the coefficient of variation was lower for Arya 
I1 than for Arya I. 


The mean dry weight of roots of Arya I1 was 64% that of Arya I. The 
mean fresh weight of Arya I1 was 68% that of Arya I. Although Arya I1 
plants contained a higher concentration of thebaine (micrograms per 100 
mg of plant dry weight) in the roots (2% more than Arya I plants), the 
total thebaine yield was higher for Arya I roots, shoots, and whole plants 
by 55,85, and 60%, respectively. 


Differences in thebaine content in root tissue per unit weight among 
14 of the 15 accessions a t  5,7,  and 11 months were significant. The com- 
bined values for the thebaine content of 14 accessions declined about 20% 
between 7 and 11 months, indicating that maximum thebaine synthesis 
occurs prior to 7 months in immature plants. 


Data showed that thebaine content varied among and within acces- 
sions. In root tissue from 20 plants of Arya I (data not shown), thebaine 
content ranged from 502 to 22,016 fig and averaged 11,153 fig with a 
standard deviation of 5955. The extent of variation in thebaine content 
on comparison of one germ plasm source to another may be seen by cal- 
culating the difference in total thebaine dry weight per plant needed 
between adjacent values in the array for significance with plants for each 
accession (the least significant difference). Thus, if 20 plants are evaluated 
for thebaine content, the thebaine content must exceed 2525 fig between 
plants to be significant. 


The Third Working Group for study of P. bracteaturn, sponsored by 
the United Nations, a t  Beltsville, Md., (5) reported ". . . that Arya I1 
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Table 111-Average Values for a P. bracteaturn Plant" 


Variable Mean SD Low High cv, % 


nrv weight, nf root,. F 1.00 0.38 0.21 3.97 38.0 , D - - -  _. .___, 
&esh weight of root, g 
Thebaine concentration in root, pg per 100 mg of dry weight 
Drv weight of shoots*. e 


~~ 


5.21 1.95 0.47 19.91 37.4 
595.04 131.67 61.24 1,615.98 22.1 


0.57 0.15 0.10 1.80 26.3 
Fresh weight of shoots.-p 3.57 1.08 0.91 12.48 30.3 
Thebain~oconcentratio~in shoots, pg per 100 mg of dry weight 293.93 108.23 5.43 947.75 36.8 


Total thebaine yield from shoots, pg 1367.60 740.26 32.00 11,278.23 54.1 
Total thebaine yield from plant, pg 7318.00 2,909.56 174.90 26,077.01 39.8 


Total thebaine yield from root, pg 5950.40 2,337.98 74.85 22,015.89 39.3 


a Average of 300 observations; 20 values each of 15 accessions for 11-month-old plants. Aboveground parts. 


Table IV-Mean Thebaine in Micrograms per 100 mg of Dry 
Weight of Different Accessions of P. bracteaturn af ter  11 
Months of Growth in a Greenhousea 


Accession Aboveground Parts Roots 


383211 (Ayra 11) 298.5 b-dc 839.7 a 
383309 (Arya I) 331.2 bc 825.9 ab 
UNB-4 305.7 b-d 673.9 cd 
378554 197.9 f 533.1 d-g 
378555 206.6 ef 451.3 fg 
378556 409.4 a 697.8 bc 
378581 82.5 g 497.6 e-g 
381600 279.8 c-e 603.0 c-e 


381602 92.2 g 581.8 c-f 
381603 83.2 P 453.4 fP 


381601 98.5 g 399.4 g 


381604 
381605 
381606 
381607 


287.9 521.8 c g  
309.2 b-d 680.1 c 
248.1 d-f 522.7 e-g 
368.0 ab 643.8 c-e 


0 Means of 20 immature plants of each accession. b Where appropriate, numbers 
refer to US. Department of Agriculture plant introduction numbers. Means within 
columns followed by a common letter are not significantly different at the 5% level 
by the new Duncan's multiple range test. 


material gave consistently higher and more uniform values for the the- 
baine content in the various plants parts." Arya I and other plants had 
previously heen evaluated by the Working Group by using concentrations 
of thebaine content as the criteria for selecting germ plasm. 


The thebaine content was determined in this laboratory for mature 
plants of Arya I (four plants) and Arya I1 (five plants) 2 weeks after petal 
fall; root, leaf, stem, and capsule tissues were evaluated (Table V11J. The 
mean thebaine content for all tissues was 161,150 pg of total dry weight 
for Arya I and 97,540 pg for Arya 11, a difference of 63,610 fig. Means of 
the four planb of Arya I showed that thebaine was distributed as follows: 
root, 60% leaf, 13%; stem, 1290; and capsule, 1590. For the five plants of 
Arya 11, the values were: root, 4790; leaf, 14%; stem, 13%; and capsule, 
26%. 


Thebaine was also determined in Arya I 111 plants) and Arya I1 (12 
plants) for leaf, stem, capsule, and total but not for root tissue (Table VII). 
Plants were harvested 5 cm from ground level so that roots could remain 
for future studies. For plants grown at Reltsville, these data showed that 


Arya I had nearly twice the thebaine content of Arya I1 and followed the 
trend for immature 11-month-old plants shown in Table V for thebaine 
content in root and aboveground tissue. Distributions of total thebaine 
yield in Arya I were: leaves, 16%; stems, 30%; and capsules, 54%. In Arya 
11, the distributions were: leaves, 32%; stem, 28%; and capsules, 40% 
(Table VII). 


In the study in which roots were analyzed, the mean dry weights (data 
not shown) for Arya I root, leaf, stem, capsule, and total tissues were 13.78, 
9.35,6.03, 2.79, and 31.95 g, respectively. The corresponding values for 
Arya I1 were 7.11,7.38,3.76,1.54, and 19.79 g. When the mean total mi- 
crograms of thebaine for each accession was divided by its total mean dry 
weight, the thebaine per unit weight for Arya I and Arya I1 was 5044 and 
4929 pg, respectively. The capsules of Arya I and I1 plants contained 
about equal amounts of thebaine (-25,000 pg), and plants sampled from 
each accession had one capsule per plant. The percent distribution of 
thebaine in the aboveground parts for Arya I and I1 capsules was 39 and 
49%, respectively. 


In the second study in which roots were not harvested, the capsules 
of Arya I and I1 plants contained -77,000 and 32,000 pg of total thebaine, 
respectively; some plants sampled from Arya I plots had multiple capsules 
per plant, whereas all plants sampled from Arya I1 plots had one capsule 
per plant. The percent distribution of thebaine in the aboveground parts 
for Arya I and I1 capsules was 54 and 40%, respectively, in the second 
study. A projected yield for 100,000 plants, assuming harvest of all 
aboveground parts 2 weeks after petal fall, would be 14.2 kg of thebaine 
for Arya I and 7.9 kg of thebaine for Arya 11. A similar projection based 
on harvest of capsules alone would be 5.1 kg of thebaine for Arya I and 
2.8 kg for Arya 11. 


Thebaine content varies significantly among the accessions of P. 
bracteaturn, and yield potential should be considered in selecting ac- 
cessions for cultivation. P. bracteaturn, although a wild and variable 
species, contains thebaine at  relatively high concentrations (2.5-3.5%) 
when compared to closely related species containing this alkaloid such 
as P. somniferurn, P. pseudo-orientale, and P. orientale. Another ad- 
vantage in cultivating P. bracteaturn is the purity in which thebaine oc- 
curs; 95% of the total alkaloid content occurs as thebaine and thus may 
permit commercial extraction with minimal purification. As a source of 
thebaine and, hence, codeine, P. bracteaturn cultivation offers a signif- 
icant potential answer to the world shortage of legitimate narcotics and 
may reduce dependence on the cultivation of P. somniferum. 


Table V-Mean Thebaine in Micrograms per Plant (Total Dry Weight) of 15 Accessions of P. bracteaturn Grown in a Greenhouse for 
11 Months" 


Accessionb Aboveground Parts 


383211 (Ayra 11) 1,418.5 cdC 
383309 (Arya I) 2,695.4 a 
UNB-4 1,881.7 bc 
378554 1,451.7 cd 
378555 1,546.1 cd 
378556 2,330.2 ab 
378581 625.1 ef 


381601 502.6 ef 
381600 963.3 d-f 


381602 
381603 
381604 
381605 
381606 
381607 


352.6 f 
501.1 ef 


1,482.0 cd 
997.9 d-f 


1,085.0 de 
2.465.6 ab 


Roots Total 
7,194.0 b-d 


5,687.6 d-f 
9.177.0 ab 


11,152.0 a 


6:778.3 c-e 
8;030.8 bc 
4,472.3 eh 
5,351.2 d-g 
4.545.7 e-h 
5i215.3 d-h 
2,894.4 h 
3,725.5 f-h 
3,541.5 f-h 
3i269.5 gh 
6.482.9 c-e 


8,612.5 bc 
13,847.4 a 
7,569.3 b 


10.628.7 b 
8i324.4 bc 


5.097.4 d-f 
10,361.0 b 


6,314.5 c-e 
5.048.3 d-f 
51567.8 d-f 
3,395.5 f 
5,207.5 d-f 
4,539.4 ef 
4,354.5 ef 
8.948.6 hc 


0 Twenty immature plants of each accession were used in analysis. Where appropriate, numbers refer to U.S. Department of Agriculture plant introduction numbers. 
c Means within columns followed by a common letter are not significantly different at the 5% level by the new Duncan's multiple range test. 
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Table VI-Average Value fo r  P. bracteaturn Accessions Arya I (P.I. 383309) (I) and Arya I1 (P.T. 38321 1) (11) Plants a t  11 Months of 
A p . ~ a  


Variable Arya Mean S D  Low High cv, % 


Dry weight of root, g I 1.32 0.53 0.58 2.48 40.2 
I1 0.84 0.28 0.4 1 1.39 33.3 


Fresh weight of root, g I 7.07 2.45 3.40 13.65 34.7 
I1 4.80 1.18 2.71 7.19 24.6 


Thebaine concentration in I 825.91 349.64 61.24 1,6 15.98 42.3 
roots, gg per 100 mg of dry weight I1 839.70 255.10 399.59 1,325.03 30.4 


Dry weight of shootsb, g I 0.80 0.27 0.41 1.37 33.8 
I1 0.48 0.16 0.21 0.85 33.3 


Fresh weight of shoots, g I 5.19 1.81 2.71 10.29 34.9 
I1 3.02 0.95 1.61 4.84 31.5 


Thehaine concentration in I 331.19 215.16 5.43 947.75 65.0 
shoots, gg per 100 mg of dry weight I1 298.49 139.95 100.09 635.14 46.9 


Total thebaine yield from I 10,902.01 5954.88 502.17 22,015.ag 54.6 
root, gg I1 7,053.48 3296.58 2277.66 13,825.44 46.7 


Total thebaine yield from I 2,649.52 2324.42 32.04 11,278.23 87.7 
shoots, pg I1 1,432.75 907.24 500.45 3,857.98 63.3 


Total thebaine yield from I 13,551.53 7177.42 534.11 26,077.01 53.0 
plant, pg I1 8,486.23 3860.69 2846.04 15,720.95 45.5 


Each item represents the mean of 20 plants. * Aboveground parts. 


Table VII-Distribution of Thebaine in Various Mature Plant Tissues of Accessions Arya I (P.I. 383309) and Arya 11 (P.I. 383211) 


Thebaine Yield. ue 


Accession Root Leaf Stem Capsule Total 
Arya I 94,810° 4,193 9,583 16,896 125,482 


13 1,063 44,935 35,449 32,900 244,347 
102,476 18,974 20,748 32,616 
56,739 15,590 9,387 18,242 99,958 


174,814 


f 96,272 20,923 18,792 25,164 h - 1  161,150 


Arya I1 


3,671 9,070 15,934 
62.575 69.785 86.840 


11288 24;390 451881 


69,563 77,920 150,062 
29,450 47,376 59,530 
18,834 64,956 88,697 
19,492 47,297 122,028 
5,873 29,466 99,775 


15.008 24.248 29.675 


8,340 30,917 34,482 


13;787 48;200 111;111 
X 22,535 43,057 76,729 


28,675 
219,200 
71.559 
73:739 


297,545 
136,356 
172,487 
188,817 
135,114 
68,931 


173,098 
AT2 142,320 


57,483 17,818 12,512 27,593 115,406 
63,142 4,693 23,565 31,974 123,374 
28,796 5,726 10,067 8,239 52,828 
37,044 36,692 8,169 48,010 129,915 
44,320 2,366 9,697 9,796 66,179 


f 46,157 13,459 12,802 25,122 h - 3  97,540 
- 44,636 9,937 21,339 75,912 


- 20,280 28,963 41,367 90,610 
- 6,749 16,865 12,242 35,856 
- 49,117 28,165 31,059 108,341 
- 22,866 50,382 29,948 103,196 
- 6,332 6,621 12,003 24,956 
- 43,572 19,531 37,298 100,401 
- 47,114 30,204 43,609 120,927 
- 9,052 16,365 23,742 49,159 
- 23,841 22,288 90,400 136,529 
- 10,402 15,295 11,618 37,315 


- 13,120 20,921 25,839 59,880 


f 24,757 22,128 31,705  AX^ 78,590 


Each entry represents an individual plant. All values are rounded to whole numbers. * Plant root tissue not taken. 
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Digoxin Bioavailability : Evaluation of a 
Generic Tablet and Proposed FDA Guidelines 


WILLIAM G. KRAMER *, ALBERT J .  KOLIBASH, 
MOHINDER S. BATHALA $, JAMES A. VISCONTI, 
RICHARD P. LEWIS, and RICHARD H. REUNINGX 


Abstract 0 The relative bioavailability of a generic digoxin tablet for- 
mulation was investigated according to proposed FDA guidelines. After 
administration of digoxin in three different oral formulations on separate 
occasions to 12 subjects, multiple serum samples were obtained over the 
first 5 hr and assayed for digoxin by radioimmunoassay. The average 
0-5-hr area under the serum digoxin concentration-time curve ( A  UC)  
for the generic tablet was 99.6% of the combined mean of the average A UC 
values for the reference tablet and a solution. In addition, the average 
peak heights, peak times, and AUC values for the two tablet formulations 
were not significantly different. The currently proposed FDA method 
of data analysis utilizes a combination of the means of three experimental 
measurements and provides no measure of the variability of the relative 
bioavailability estimate. Three other methods of data analysis that  do 
provide variance estimates were evaluated: ( a )  the FDA method on an 
individual subject basis followed by averaging, ( b )  a logarithmic trans- 
formation of the AUC values, and ( c )  comparison of the AUC values of 
the generic and reference tablets using a paired t-test. A consideration 
of the experimental design required by the FDA and the statistics in- 
volved indicated that the last method may be the most appropriate for 
examination of the bioavailability of digoxin tablets relative to a market 
standard. It is also suggested that the proposed regulations be amended 
to make the standard a solution rather than a specific manufacturer’s 
product. 


Keyphrases 0 Digoxin-bioavailability, various formulations compared, 
proposed guidelines evaluated, humans Bioavailability-digoxin, 
various formulations compared, proposed guidelines evaluated, humans 
0 Cardiotonic agents-digoxin, bioavailability of various formulations 
compared, proposed guidelines evaluated, humans 


The lack of equivalent bioavailability among various 
digoxin tablets has been the subject of numerous publi- 
cations (1-12). When tested against the current market 
standard*, several digoxin tablets have been shown to be 
absorbed to a lesser extent. This type of evidence, along 
with clinical reports of a lack of pharmacological response 
to several generic brands of digoxin tablets, led the Food 
and Drug Administration (FDA) to propose bioavailability 
standards for digoxin tablets (13). These standards indi- 
cate that the extent of drug absorption is to be measured 
by the area under the 0-5-hr serum digoxin concentra- 
tion-time curve (AUC) and that the “bioavailability of the 
test product shall be demonstrated if a mean absorption 
of a t  least 75 percent of the combined mean of the two 
reference standards is observed”2. The reference standards 
are a tablet supplied by the FDA1 and an aqueous digoxin 
solution, and all treatments are a t  a dose of 0.5 mg. The 
suggested protocol requires the use of 12 normal subjects 
in a three-way crossover study and 11 serum samples 
during the 5-hr period. 


The obvious objective of such a regulation is to assure 
that all marketed digoxin tablets are not appreciably dif- 
ferent from a bioavailability standpoint and that, re- 
gardless of the brand dispensed to the patient, there are 


Lanoxin (Lot 022- 1, Burroughs Wellcorne and Co.) was used in this study. * The complete text of this section of the proposed bioavailability standards is 
given in the Appendix. 


only inconsequential differences in the amount of drug 
absorbed. Therefore, the method used to evaluate bio- 
availability should permit measurement of the precision 
of the bioavailability estimate so that the data may be in- 
terpreted correctly. This paper reports the results of a 
bioavailability study of a generic digoxin tablet3 conducted 
according to the protocol outlined by the FDA4. The 
method employed is then examined with respect to per- 
mitting a valid estimate of precision and the detection of 
unsuitable tablet formulations. 


EXPERIMENTAL 


The three treatments discussed in this paper were part of a larger study 
in which digoxin was administered in two doses and four dosage forms 
to 12 healthy male volunteers in a seven-way crossover study. Each 
subject was given a physical examination with appropriate laboratory 
tests prior to entering the study. Blood chemistry and hematological 
values were within normal limits. Subjects were informed of the nature 
and hazards of the study and gave written consent. 


Subjects fasted for 12 hr before and 4 hr after drug administration. The 
tablet treatments (two 0.25-mg tablets) were administered with 250 ml 
of water, and the solution (0.5 mg/200 ml) was given with a 50-ml rinse. 
A minimum of 2 weeks separated consecutive treatments to allow for the 
complete elimination of the previous dose. The two commercial digoxin 
tablet preparations were tested and found to meet compendia1 stan- 
dards. 


A 10-ml blood sample was drawn before each treatment to provide the 
blank and the diluent for standards used in the assay of samples from that 
treatment. Blood samples (5 ml) were withdrawn from a forearm vein at 
10,20,30,45,60, and 90 min and a t  2,3,4, and 5 hr after drug adminis- 
tration. Samples taken during the initial 3-4 hr were withdrawn through 
a 19-gauge infusion set kept open by a normal saline drip; remaining 
samples were withdrawn by venipuncture. 


All samples were centrifuged, and the serum was kept frozen until 
assay. Serum samples were assayed using a 12511-radioimmunoassay5, 
modified slightly from the kit instructions to increase accuracy and 
precision (14). 


Serum digoxin concentrations a t  each experimental time for each 
treatment in each subject were determined and plotted against time. The 
area under each curve from 0 to 5 hr was calculated using the trapezoidal 
method. 


RESULTS AND DISCUSSION 


The averaged serum digoxin concentration-time data from the 12 
subjects for the three treatments are plotted in Fig. 1. The average peak 
heights and peak times are summarized in Table I. Table I1 contains the 
areas under the curve from 0 to 5 hr for each treatment in each subject 
and the relative bioavailability of the generic tablet calculated according 
to the FDA procedure but on an individual subject basis. 


The generic digoxin tablet met the proposed FDA bioavailability re- 
quirements, yielding a mean absorption (ratio of the mean area for the 
test tablet to the combined mean area for the standards) of 99.6%. The 
bioequivalence of the two tablet formulations is further substantiated 
by Fig. 1; the serum digoxin concentration-time curves for the two tablet 


:3 Lot 7161B3, Philips Roxane Laboratories, Columbus, Ohio (a new formulation 


f h e  complete protocol used in this study was approved by the FDA prior to the 
not reviously tested for bioavailability). 


start of the study. 
5 Catalog No. 0750-06, SchwardMann. 
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Table I-Summary of Peak Heights and Peak Times for the 
Three Treatments 


Peak Hei ht”, Peak Time”, 
Treatment na/mK min 


Generic tablet 2.62 (0.87) 65 (29) 
Reference tablet 1.89 (1.16) 94 (77) 
Aqueous solution 3.39 (0.85) 41 (9) 


Mean with standard deviation in parentheses. 


preparations are similar. In addition, the peak heights and peak times 
(Table I) and areas under the curve (0-5 hr) for the two tablet treatments 
were not significantly different (paired t test, p > 0.05). Therefore, it may 
be concluded that, under the conditions of this study and based upon both 
the criteria proposed by the FDA and the lack of significant differences 
between peak heights, peak times, and areas under the curve, the generic 
digoxin tablet is bioequivalent to the market standard. 


As stated previously, the purpose of the proposed bioavailability 
standards is to detect batches of tablets that  are not as well absorbed as 
current market standards. This conclusion should be based on estab- 
lishing the existence or lack of statistically significant differences. 
Therefore, in addition to providing an estimate of relative bioavailability, 
any test must also provide a measure of the variability of that estimate, 
which the FDA method of combining means obviously does not. Using 
the FDA method but calculating relative bioavailability for each subject 
and then  averaging yields an estimate of 106% with 95% confidence limits 
of 79.1-133%. The standard error (12.2%) is large relative to the mean 
(percent coefficient of variation of 11.5%) and indicates that  the sensi- 
tivity of this technique for detecting unsuitable formulations is low. 


If this variability is typical of other studies, tablet formulations with 
a “true” relative bioavailability of considerably less than the minimum 
75% could still, purely by random chance, appear to meet the require- 
ments. If one assumes that the standard error of the mean is equal to 
11.5% of the mean and that there are 11 degrees of freedom, the data in 
Table 111 can be calculated and indicate that a formulation must have 
a true relative bioavailability of 64% or less before the probability of ob- 
taining an experimental value 275% decreases below even 10%; a more 
acceptable level of 5% requires a true relative bioavailability 162%. 


This apparent lack of sensitivity may be due to the method of data 
analysis since three different experimental measurements, each with its 
own error distribution, are included in the relative bioavailability ratio. 
A logical and statistical basis for using three measurements is not readily 
apparent to the authors, regardless of whether the means are used to 
estimate the ratio (as recommended by the FDA) or whether the ratio 
is calculated for each subject and these ratios are then averaged. The FDA 
states in the Federal Register (13) that the method used should “be ca- 
pable of detecting the difference between the reference tablet and the 
reference oral solution.” This requirement is fine as a test of the experi- 
mental design, methodology, and precision of measurement, but it is not 
justification for the use of the average of two reference treatments as a 
basis for a relative bioavailability calculation. Therefore, the authors 
propose alternative methods of data analysis which are more correct 
statistically, thus allowing for a greater probability of the regulations 
performing their intended task. 


1 I I I 1 
1 2 3 4 5 


HOURS 


Figure 1-Semilogarithmic plot  of t h e  averaged serum digonin con- 
centration-time data for the  three treatments. Key:  ., generic digoxin 
tablet; A, current market  standard tablet; and D, aqueous solution. 


If all three of the treatments suggested by the FDA must be used in 
the estimation of one relative bioavailability number, then a method 
suggested by Finney (15) for estimating relative potency in biological 
assays (which can include bioavailability studies) utilizing a logarithmic 
transformation may be applied. Let the average area under the curve (0-5 
hr) for the test tablet and the average mean reference (Table 11, columns 
2 and 5) be the two experimental means whose ratio is to be calculated. 
Each individual measurement is converted to its common logarithm, and 
the logarithms are averaged. The average logarithms are then subtracted 
to give the ratio, and a pooled estimate of the standard deviation of the 
ratio is calculated. This estimate is then used to calculate fiducial limits 
(similar to confidence limits) for the potency ratio. 


This method gives a ratio of 101% with 95% fiducial limits of 84-122Oh. 
Although the result is similar, i.e., the mean absorption of the test tablet 
is >75% of the mean absorption of the standards, there is now some 
measure of precision and, in this case, some certainty that the probability 
of the relative bioavailability actually being <75% is extremely low. There 


Table 11-Areas under the Serum Digoxin Concentration-Time Curves (in Nanogram Hours per Milliliter) from 0 to 5 hr” and the 
Relative Bi~availability~ of the Test Tablet 


Test Reference Reference Mean Relative 
Subject Tablet Tablet Solution ReferenceC Bioavailability 


M.G. 
R.R. 
P.H. 
C.N. 
H.P. 
D.S. 
R.S. 
J.M. 
S.R. 
H.B. 
W.W. 
R.M. 


4.23 
4.85 
5.59 
4.52 
4.21 
7.36 
6.07 
5.55 
5.82 
3.90 
6.40 
5.39 


3.15 
6.81 
3.22 
4.03 
4.43 
0.81 
5.20 
4.08 
3.39 
2.91 
9.20 
3.37 


Mean 5.32 4.22d 
SD 1.03 2.12 


6.21 
7.54 
6.08 
7.55 
6.05 
5.60 
7.67 
7.07 
6.99 
5.11 
6.32 
5.31 
6.46 
0.89 


4.68 
7.18 
4.65 
5.79 
5.24 
3.21 
6.44 
5.58 
5.19 
4.01 
7.76 
4.34 
5.34 
1.31 


90.4 
67.5 


120. 
78.1 
80.3 


229. 
94.3 
99.5 


1 1 .  
97.3 
82.5 


124. 
106. 
42.3 


0 Areas were calculated using the trapezoidal rule. * Relative bioavailahility is defined according to the proposed FDA regulations as the ratio of the area under the 
Mean of the reference tablet and reference solution. 


Significantly different from reference solution (paired t test, p < 0.05). 
y r v e  (075 hr) for the test tablet to the mean of the areas under the curve for the reference tablet and solution. 
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Table 111-Probability of Obtaining a Mean Relative 
Bioavailability Estimatea of 75% or Greater 


True Relative Calculated“ Probabilityd, 
Bioavailabilitv SEMb t Value ‘yo 


74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 


8.51 
8.40 
8.28 
8.16 
8.05 
7.93 
7.82 
7.70 
7.59 
7.47 
7.36 
7.24 
7.13 
7.01 
6.90 


0.12 
0.24 
0.36 
0.49 
0.62 
0.76 
0.90 
1.04 
1.19 
1.34 
1.49 
1.66 
1.82 
2.00 
2.17 


45.4 
40.8 
36.2 
31.7 
27.4 
23.3 
19.5 
16.1 
13.0 
10.4 ~. 


8.16 
6.29 
4.78 
3.57 
2.62 


Defined as in Table 11. b Equal to 11.5% of the mean or true relative bioavail- 
ability. Calculated according to: t = (75 - x ) / s ,  where x = true relative bio- 
availability and s = standard error of the mean. Probability of obtaining t greater 
than the calculated value (equal to the area under the t distribution curve from the 
calculated t to infinity) due to random error or chance. 


are, however, two drawbacks to this method. First, i t  still utilizes three 
experimental measurements in the relative bioavailability calculation. 
Second, even though the studies are done in a crossover manner, the in- 
fluence of subject-to-subject variability is not minimized because of the 
utilization of only the means and standard deviation estimates. Thus, 
the advantage of a crossover study, i.e., being able to look a t  differences 
independent of intersubject variation, is ignored. But if one must utilize 
the FDA method as currently written, then this type of data analysis may 
be preferred. 


The authors believe the intent of the FDA at the present time is t o  
guarantee that all digoxin tablets are as good as the market standard. 
Consequently, the most direct method would be to do a two-way crossover 
study with the test and reference tablets or to do the FDA three-way 
crossover study, comparing the reference tablet and solution only as a 
means of testing the methodology and then calculating relative bio- 
availability using only the test and reference tablets. Since the same 
subjects are to be used in all treatments, a comparison of the data using 
the paired t test may be done, thus minimizing the influence of subject- 
to-subject variability, and a determination of whether the products are 
significantly different can be made. When using this method (data in 
Table 11, columns 2 and 3), the average difference was 1.11 units with 95% 
confidence limits of from -0.386 to 2.61, not significantly different from 
zero ( p  > 0.05). 


The last method probably provides as good an  estimate as any of the 
bioavailability of a test tablet relative to the current market standard 
under the conditions of the FDA protocol. However, it does require that 
the regulations utilize a specific manufacturer’s product as a standard. 
I t  may be better to utilize as a standard the oral solution and to require 
that all manufacturers, including the manufacturer of the market stan- 
dard, demonstrate that the absorption of their tablets is greater than 
some minimum percent of the absorption of the solution. This require- 
ment would allow for future changes in the regulations to increase the 
bioavailability of digoxin from tablets to more closely approximate that 
of the solution. 


The FDA has taken a major step forward by suggesting bioavailability 
requirements for digoxin tablets. However, these standards need to be 
reevaluated and some changes made before final regulations are enact- 
ed. 


APPENDIX 


Regulation 130.51, part (d), from Ref. 13 reads as follows: 


The  protocol for the in  uivo bioauailability tests required in 
paragraphs ( a )  and ( c )  of this section shall employ a three-umy 
crossover design using the digoxin test product; a reference di- 
goxin tablet supplied, on  request, by the Food and Drug Ad- 
ministration; and bulk digoxin U S P  i n  an  oral solution. Appro- 
priate venous blood and urinary samples are to be collected 
and analyzed. This method shall be capable of detecting the 
difference between the reference tablet and the reference oral 
solution. Aioaoailability of the test product shall be demon- 
strated if a mean absorption of at least 75 percent of the com- 
bined mean of the two reference standards is observed. Assis- 
tance in  developing a protocol for a particular dosage formula- 
tion may be obtained by contacting the Food and Drug Admin- 
istration, Bureau of Drugs (HFD-220), 5600 Fishers Lane, 
Rockville, M D  20852. 
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Contaminants in Commercial Dapsone 


ANDREW P. CHEUNG and PETER LIMx 


Abstract 0 Three contaminants commonly found in commercial dap- 
sone were identified as 2,4’-sulfonylbis(benzeneamine), 4-(phenylsul- 
fonyl)benzeneamine, and 4-(4’-chlorophenylsulfonyl)benzeneamine. The 
identities were based on the spectral analysis and unambiguous synthesis 
of each compound. Solvent-free, pure dapsone was prepared by recrys- 
tallization from chloroform. 


Keyphrases 0 Dapsone-commercial samples, contaminants identified 
Contaminants-identified in commercial samples of dapsone An- 


tibacterial agents-dapsone, contaminants identified in commercial 
samples 


Dapsone, 4,4’-sulfonylbis(benzeneamine), has long been 
used in chemotherapy. Its activity against streptococci (l), 
Mycobacterium avium (2), and M. tuberculosis (3) was 
first observed in the late 1930’s. Since 1942, dapsone has 
been used primarily in the treatment of human leprosy (4), 
but it is also useful in the treatment of mycetoma (No- 
cardia brasiliensis) (5), actinomycosis (6), dermatitis 
herpetiformis (Duhring’s disease) (7), and pyoderma 
gangrenosum (8). 


DISCUSSION 


Although the antimalarial activity of dapsone was demonstrated in 
1941 (9), it was not used in the treatment of malaria for the next 20 years 
because chloroquine was more effective. However, with the emergence 
of malaria strains resistant to chloroquine and other commonly used 
antimalarial drugs (10, l l ) ,  interest in dapsone as an antimalarial agent 
was revived (12, 13). Until recently, dapsone has been used as a daily 
prophylactic against falciparum malaria (14). 


Considering the current interest in drug purity, commercial dapsone 
samples were examined by TLC; three Contaminants’ were consistently 
present. They were identified as 2,4’-sulfonylbis(benzeneamine) (I, Rf 
0.62), 4-(phenylsulfony1)benzeneamine (11, Rf 0.73), and 4-(4’-chloro- 
phenylsulfony1)benzeneamine (111, Rf 0.77). (The Rf of dapsone was 0.42.) 
As estimated by TLC, these contaminants constituted 2-9% of the 
samples. This paper describes the isolation and identification of these 
contaminants. 


Recrystallization of commercial dapsone samples from chloroform 
enriched the subject contaminants in the mother liquor; through chro- 
matography on silica gel, the various contaminants were separated. The 
isolated individual contaminants shared certain common chemical and 
spectral characteristics that are also common to dapsone. All four com- 
pounds responded positively to yield a similar color when sprayed with 
a diazotization reagent2, suggesting the presence of an anilino group. 


The IR spectra showed strong bands near 7.8 and 8.8 *m, indicative 


I: R, = H, R, = NH, 
11: R, = R, = H 


111: R, = C1, R, = H 


of a sulfone group in each molecule. The PMR spectra showed resonances 
only in the aryl region, apart from those due to exchangeable protons (i.e., 
OH and NH2) (Figs. 1-4). The spectra for I, 11, and I11 (Figs. 2,3, and 4, 
respectively) clearly showed a pair of doublets near 6 6.6 and 7.6 ppm with 
coupling constants of 8.8 f 0.1 Hz. These characteristics are similar to 
those found in the spectrum for dapsone (Fig. 1) and are indicative of a 
4-aminobenzenesulfonyl group, which is common to all four com- 
pounds. 


On the basis of mass spectral and elemental data, the molecular weight 
of I is 248, consistent with the empirical formula C12H12N202S. In ad- 
dition to signals assigned the 4-aminobenzenesulfonyl group, the PMR 
spectrum of I (Fig. 2) showed four other protons in the aryl region. 
Analysis of the coupling constants ( J  = 1.8,7.0, and 8.3 Hz) for the one- 
proton multiplet centered at 6 7.23 ppm suggested that this proton is 
coupled to two ortho- and one meta-protons. This arrangement is a 
1,2-disubstituted benzene, which is substantiated by analysis of the three 
remaining aryl protons. The PMR spectrum of I also showed two broad 
overlapping singlets at 6 6.00 and 6.06 ppm, each representing two protons 
with both singlets exchangeable with deuterium oxide. These charac- 
teristics are consistent with those of two primary amino groups. Based 
on this evidence, I probably is 2,4’-sulfonylbis(benzeneamine). 


According to the mass spectral and elemental results, the molecular 
weight of I1 is 233, which is in agreement with the empirical formula 
C12HllN202S. The PMR spectrum of I1 showed a broad singlet of two 
exchangeable protons at 6 6.14 ppm, a doublet of two protons at  6 6.63 
( J  = 8.9 Hz) ppm, a multiplet of five protons centered near 6 7.55 ppm, 
and a multiplet of two protons centered near 6 7.84 ppm. After subtraction 
of the 4-aminobenzenesulfonyl doublet from the 6 7.55-ppm multiplet 
that is complementary to the 6 6.63-ppm doublet, the remaining three 
protons in the 6 7.55-ppm group and the two protons in the 6 7.84-ppm 
group closely resemble the pattern of a benzenesulfonyl. This observation 
suggests that I1 is 4-(phenylsulfony1)benzeneamine. 


The elemental and mass spectral data for 111 are consistent with a 
molecular weight of 267 and the empirical formula C12HloClN202S. The 
PMR spectrum for 111 (Fig. 4) showed only two exchangeable protons, 
appearing as a broad singlet a t  6 6.20 ppm, and four doublets in the aryl 
region in agreement with two 1,4-disubstituted benzenes. Data gathered 
for I11 are consistent with those for 4-(4’-chlorophenylsu1fonyl)ben- 
zeneamine. 


For validation of the structures proposed for 1-111, these three com- 
pounds were prepared by unambiguous syntheses. Compound I was 
prepared by treating 4-acetamidobenzenesulfinic acid with 2-bromoni- 
trobenzene (15) to give 4-(2’-nitrophenylsulfonyl)benzeneacetamide (IV). 
Reduction (16, 17) of IV gave 4-(2’-aminophenylsulfonyl)benzene- 
acetamide (V), which, upon hydrolysis, yielded I. 


Compound I1 was prepared in high yield by diazotization of I with 
sodium nitrite and sulfuric acid followed by heating (18). Compound I11 
was prepared by the method of Richter and Frey (19), in which 4-acet- 
amidobenzenesulfonyl chloride was treated with chlorobenzene in a 


I I1 
J ~ , ~  = 8 7 n2 


Usually two trace impurities were found in addition to these three contami- 
nants. Because of their very low concentrations-estimated at <tO.l%-the trace 
impurities were not isolated and characterized. Dr. Robert Lofberg (personal 
communication), Walter Reed Army Institute of Research, identified one impurity 
as 4-(4’-hvdroxwhenvlsulfonvl)benzeneamine. 


The three Contaminants ind dapsone were separated on a silica plate. When I I I I 
sprayed with 1 N HC1,2% NaNO?, 3% sulfamic acid (all aqueous solutions), and 7.5 7.0 6.5 6.0 
1% N-(1-naphthy1)ethylenediamine dihydrochloride in propylene glycol-water 
( 1 2  v/v) in the order given, all four compounds responded positively to give pink 
spots. 


d 
Figure 1-PMR spectrum of dapsone. 
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J2.3 = 8.8 H Z  


J,,,,, = 8.3 
J,,,,, = 1.3 
J,,,,, = 7.0 


J5,,6, = 7.7 
J4*,6,= 1.8 


Friedel-Crafts sulfonation followed by hydrolysis of the acetyl 
group. 


Equivalence of the unambiguously synthesized materials to those 
isolated from commercial dapsone samples was established by IR, UV, 
PMR, TLC, GLC, and mixed melting-point comparisons. 


The appearance of these impurities in the dapsone samples probably 
resulted from contaminations in the starting material. An established 
method for preparing dapsone is the coupling of 4-chloronitrobenzene 
with sodium 4-acetamidobenzenesulfonate, followed by reduction of the 
nitro group to the amine and hydrolysis of the acetamido group (20). The 
presence of 2-~hloronitrobenzene, chlorobenzene, and 1,4-dichloroben- 
zene in the 4-chloronitrobenzene would have resulted in I, 11, and 111, 
respectively. 


EXPERIMENTAL 


IR spectra were determined as mineral oil mulls on a commercial 
spectrometer3. PMR spectra were recorded as dimethyl sulfoxide-ds 
solutions on a 100-MHz spectrometer4; chemical shifts were reported on 
a 6 scale using an internal tetramethylsilane reference (6 0.00 ppm). UV 
spectra were scanned as solutions in 95% ethanol on a recording spec- 
trometer5. Melting points were obtained on a commercial apparatus6. 
TLC utilized silica plates developed with chloroform-ether-methanol 
(7:2:1 v/v). 


GLC data were obtained for the trifluoroacetyl derivatives7 on a gas 
chromatograph equipped with a flame-ionization detector. A 1.9-m X 


~- 


3 Perkin-Elmer model 137. ' Varian HA-100. 
Cary model 15. 
Md-Temp. ' Approximately 1 mg of each compound was treated with 0.3 ml of trifluo- 


roacetic anhydride. The mixture was heated until a complete solution resulted, and 
excess trifluoroacetic anhydride and trifluoroacetic acid were evaporated with a 
stream of dried nitrogen. The residue was redissolved in 0.4 ml of benzene plus 1 
drop of trifluoroacetic acid and then injected into the gas chromatograph (Micro- 
Tek 220). 


2-mm i.d. glass column packed with 3% ultraphase SE-30 coated on 
80-100-mesh Chromosorb W (HP)8 was used. Temperatures were 250" 
(inlet), 200" (column), and 300" (detector); the carrier gas was nitrogen 
at  40 ml/min. All chemicals were reagent grade or the best quality 
available. 


Recrystallization of Commercial Dapsone-Two grams of com- 
mercial dapsone9 was dissolved in 500 ml of chloroform with reflux. The 
solution was filtered hot, and the filtrate was allowed to evaporate slowly 
to 200 ml on a steam bath. Then the solution was carefully set aside to 
allow crystal formation. The needles that formed were collected, washed 
with cold chloroform, and dried. From this material, 1.6 g of solvent-free 
dapsone was obtained. This material was chromatographically homo- 
geneous, mp 177-178" [lit. (21) mp 175-176°]10. 


The mother liquor from this recrystallization was evaporated to dry- 
ness, and the residue was used for isolation of the contaminants. 


Isolation of I-111-The residue from the recrystallization mother li- 
quor was redissolved in 10 ml of chloroform. The solution was applied 
onto 1-mm thick silica gel plates, which were developed in chloroform- 
ether-methanol (7:2:1 v/v). The resolved bands were located by 254-nm 
UV light and scraped from the plates. The respective bands from nu- 
merous plates were combined and extracted with methanol. 


The respective methanol solutions were reduced to minimum volumes 
on a steam bath under a nitrogen stream, and the chromatographic- 
isolation procedure was repeated until all three contaminants isolated 
were chromatographically homogeneous. At this stage of purity, each 
Contaminant was crystallized from hexane-methanol(lO1). 


Compound I-mp 114-116" [lit. (22) mp 117'1; TLC R/ 0.62; GLC 
retention time, 3.0 min; m/e 248. 


Anal.-Calc. for C12H12N202S: C, 58.04; H, 4.87; N, 11.28; S, 12.91. 
Found: C, 57.93; H, 4.94; N, 10.98; S, 12.71. 


~ 


Johns-Manville, Celite Division, New York, N.Y. 
Lot 8L-2223 (typical of many Sterling Winthrop lots analyzed), Sterling 


lo In this study, material recrystallized several times from 95% ethanol still 
Winthrop Research Institute, Rensselaer, N.Y. 


contained the subject impurities. 
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Figure 3-PMR spectrum of contaminant II. 
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Figure 4-PMR spectrum of contaminant 111. 
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Compound 11-mp 167-170" [lit. (23) mp 172-173'1; TLC Rf  0.73; 
GLC retention time, 2.5 min; mle 233. 


Anal.-Calc. for C ~ ~ H I I N O ~ S :  C, 61.78; H, 4.75; N, 6.00; S, 13.72. 
Found: C, 61.50; H, 4.70; N, 5.97; S, 13.40. 


Compound 111-mp 186-188' [lit. (24) mp 187.8-188.4"]; TLC R, 0.77; 
GLC retention time, 4.0 min; mle 257. 


Anal.-Calc. for C12HloCIN02S: C, 53.83; H, 3.76; CI, 13.24; N, 5.23; 
S, 11.98. Found: C, 54.00; H, 3.80; C1, 13.49; N, 5.36; S ,  12.10. 


Preparation of V-4-Acetamidobenzenesulfinic acid (2.6 g) was 
dissolved in 12 ml of methanol containing 1 g of sodium hydroxide. To 
this solution was added 20 ml of dimethylformamide containing 3.8 g of 


6 


2-bromonitrobenzene, and the resulting solution was refluxed (108") for 
1.5 hr. The methanol was distilled, and the remaining solution was re- 
fluxed (164') for an additional 2.5 hr. After cooling, water was added to 
the dimethylformamide solution until precipitation was complete. 


The precipitate was collected, washed with warm water followed by 
methanol, and air dried. The dried material consisted of 3.6 g of IV, mp 
244-246'. Compound IV (2.0 g )  was added to 60 ml of 6 N acetic acid 
(aqueous), and the mixture was heated to reflux. During the 1st hr of 
reflux, iron filings (1 g) were slowly added to the refluring solution; after 
a total reflux time of 3 hr, the mixture was allowed to cool. After the in- 
soluble material was removed by filtration, the filtrate was evaporated 
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to dryness, and the residue was extracted several times with a total of 300 
ml of methanolic 0.1 N NaOH. 


The insoluble matter was removed by filtration, and the filtrate was 
again evaporated to dryness. The residue was triturated several times 
with a total of 400 ml of water. The insoluble material was collected by 
filtration and redissolved in 30 ml of methanol, and the solution was fil- 
tered. The clear filtrate was diluted with 150 ml of water to cause the 
complete precipitation of V. The white precipitate was collected and 
dried; the material weighed 1.9 g (80% yield, mp 97-99’). 


Compound I-Compound V (500 mg) and 100 ml of ethanol-con- 
centrated hydrochloric acid (4:l v/v) were refluxed for 2 hr. The mixture 
was filtered, and the pH of the filtrate was adjusted to -7.0 with dilute 
sodium hydroxide. The ethanol was removed by evaporation, and the 
precipitate that  resulted was collected and dried. The material weighed 
440 mg (88% yield, mp 115-117’). 


And-Calc. for C ~ Z H ~ ~ N ~ O ~ S :  C, 58.04; H, 4.87; N, 11.28; S, 12.91. 
Found: C, 58.14; H, 4.87; N, 11.25; S, 12.88. 


Compound 11-Compound I (500 mg) was dissolved in 100 ml of 
ethanol-benzene (4:l v/v) by warming on a steam bath. To this solution 
was added 0.5 ml of concentrated sulfuric acid, followed by 350 mg of 
sodium nitrite-in portions-as rapidly as the violent reaction would 
permit. After the reaction moderated, the solution was heated to reflux 
for 2 hr. The reaction was allowed to cool, and then the insoluble matter 
was removed by filtration. 


The filtrate was neutralized with sodium hydroxide and evaporated 
to dryness. The residue was triturated twice with a total of 200 ml of 
water, and the insoluble matter was collected by filtration. The solid 
matter was exhaustively extracted with 20 ml of ethanol; the insolubles 
were removed by filtration. The ethanol filtrate was diluted with 80 ml 
of water to cause the complete precipitation of 11, which was collected 
by filtration and dried. The material weighed 320 mg (64% yield, mp 
169-172O). 


Anal.-Calc. for C I Z H ~ ~ N O ~ S :  C, 61.78; H ,  4.75; N, 6.00; S, 13.72. 
Found: C, 62.04; H, 4.76; N, 5.81; S, 13.48. 


Compound 111-4-Acetamidobenzenesulfonyl chloride (1 g) and 
aluminum chloride (3 g) in 25 ml of chlorobenzene were stirred for 2 hr 
a t  140’. The mixture wqs filtered, and the filtrate was evaporated to 
dryness. The residue was dissolved in 50 ml of methanol; the insolubles 
were removed by filtration. Concentrated hydrochloric acid (10 ml) was 
added to the filtrate, and the resulting solution was refluxed for 2 hr. 


The mixture was allowed to cool, and then the solution was filtered. 
The filtrate was neutralized with dilute sodium hydroxide and evaporated 
to dryness. The residue was triturated twice with a total volume of 20 ml 
of water. The water-insoluble matter was recrystallized from aqueous 
methanol to yield 111, mp 187-189’. 


Anal.-calc. for C12HloClN02S: C, 53.83; H, 3.76; C1, 13.24; N, 5.23; 
S, 11.98. Found: C, 53.69; H, 3.83; CI, 13.54; N, 5.32; $, 12.18. 
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Evaluation of Teratogenic Potential of 
Codeine Sulfate in CF-1 Mice 


JOHN E. ZELLERS and RONALD F. GAUTIERIX 


Abstract 0 The most prominent defect of codeine sulfate, 100 mg/kg 
sc, was delayed ossification of the supraoccipital bone, paws, xiphoid, and 
sternebrae as well as other sternebral defects such as checkerboard 
sternebrae and polysternebrae. Although these anomalies were similar 
to the minor defects seen in the fetuses of morphine sulfate-treated mice, 
the major anomalies such as exencephaly, cryptorchid testes, and rib and 
vertebral fusions produced by morphine were not present in the fetuses 
of mice challenged with codeine. Thus, codeine sulfate appears to be less 
teratogenic than morphine sulfate. A review of the incidences of the 
various defects in mice treated on a single day with codeine showed that 
there was a range of days on which the mouse fetus was susceptible to 
codeine’s teratogenic effects, with the most critical days of gestation being 
Days 8-10, Furthermore, a comparison of the defects that  occurred in 
those treated on both Days 8 and 9 with the defects that occurred in those 
treated on a single day of gestation reveals an additive or cumulative 
teratogenic response to codeine. 


Keyphrases Codeine sulfate-teratogenic activity evaluated, mice 
0 Teratogenicity-codeine sulfate evaluated, mice 0 Narcotic analge- 
sics-codeine sulfate, teratogenic activity evaluated, mice 


In 1968, Harpel and Gautieri (l), noting the lack of 
teratogenic studies involving narcotic analgesics, demon- 
strated that high subcutaneous doses of morphine sulfate 
administered to nontolerant CF-1 albino mice on the 8th 
or 9th day of gestation were capable of inducing various 
fetal malformations. The most prominent defect observed 
with drug challenge on Day 8 was exencephaly, while axial 
skeletal fusion was the most conspicuous malformation 
occurring with drug insult on Day 9 of gestation. In mice, 
exencephaly and axial skeletal fusions have been reported 
after many types of treatment, including the administra- 
tion of insulin (2), galactoflavin (3), vitamins (4), and 
urethan (5), as well as with riboflavin deficiency (3), X-ray 
exposure (3), and anoxia (6). 


Due to its close structural relationship to morphine, 
codeine was suspected of having teratogenic potential. 
Because the literature is devoid of studies concerning the 
effects of codeine on developing fetuses, the purposes of 
this study were: (a)  to test the hypothesis that codeine is 
a potential teratogen and ( b )  to determine the day or range 
of days of gestation on which the fetus is most susceptible 
to any of its teratogenic effects. 


EXPERIMENTAL 


CF-1 albino mice’, 25-30 g, were used. Females were placed in aggre- 
gate cages, each holding 25 mice. No attempt was made to breed these 
mice for a t  least 2 weeks following their arrival and unless they main- 
tained a minimum weight of 25 g. Male mice were placed in individual 
metal cages, 12.5 X 15 X 10 cm, with a wire mesh front and bottom. All 
animals were maintained on laboratory food2 and tap water ad libi- 
tum. 


T o  produce timed pregnancies, two females were placed into the cage 
of a male at 4:OO pm and permitted to remain there until 8:OO am the 
following morning. At this time, the females were removed and examined 
for the presence of a vaginal plug. Females exhibiting this plug were re- 


garded as being gravid, and the day on which the plug appeared was 
considered to be Day 0 of gestation. Pregnant mice were weighed to the 
nearest 0.1 g, and this weight was designated as the maternal starting 
weight. Gravid females were placed into individual cages, identical to 
those occupied by the males, and allowed to remain undisturbed until 
the morning of the 7th day of gestation, when they were weighed for a 
second time. A weight gain of 2 g or more a t  this time was accepted as a 
confirmation of pregnancy. 


The confirmed pregnant females were assigned a t  random to one of 
eight experimental categories: six groups injected with 100 mg of codeine 
sulfate3/kg on a single day of gestation from Day 7 through Day 12, one 
group injected with 100 mg of codeine sulfate/kg on both Days 8 and 9 
of gestation, and one group of untreated control mice which was examined 
to establish norms. 


Since single saline injections administered subcutaneously on either 
Day 8 or 9 of gestation produced no significant change in the occurrence 
of fetal abnormalities compared to untreated controls in previous studies 
(7, S), all treatment groups in this study were compared to one group of 
untreated controls. Arcuri and Gautieri (8) injected gravid CF-1 mice 
subcutaneously with 60 mg of sodium sulfate/kg on Day 9 of gestation 
and found no significant change in the number of fetal abnormalities. 
Because sodium sulfate contains approximately 68% sulfate or 40.8 mg/kg 
in the 60-mg/kg dose used in the latter study, while codeine sulfate con- 
tains only approximately 14% sulfate or 14.0 mgkg in the 100-mghg dose 
used in the present study, sulfate-ion controls were not included. 


An injectable solution of codeine sulfate4, 3% (30.0 mg/ml), was pre- 
pared fresh weekly by dissolving the drug in triple-distilled water. All 
injections were made subcutaneously in the upper left abdomen using 
1-ml tuberculin syringes equipped with 1.27-cm 26-gauge needles. 


Following treatment, each mouse was permitted to proceed to Day 18, 
1 day short of term in the gestation of the CF-1 mouse. The pregnant 
animal was weighed, and this weight was referred to as the terminal 
maternal weight. The animal was then sacrificed, and the abdominal wall 
was opened to expose the entire peritoneal cavity. Prior to actual opening, 
the uterine horns were examined grossly for fetal swellings and resorption 
sites, as indicated by the presence of small dark nodules (the metrial 
glands), which were counted and recorded. 


The uterine horns were incised individually, and the exposed fetuses 
were removed by blunt dissection, blotted dry, and weighed to the nearest 
0.01 g on a torsion balance. Each fetus was examined grossly for any ex- 
ternally visible soft tissue defects and determination of‘ sex. Fetal viability 
was determined by reflex movement of the limbs in response to me- 
chanical stimulus with a blunt probe. 


Every second fetus was placed in either bone-staining solution or 
Bouin’s fixative and processed for skeletal or soft tissue examination, 
respectively. Fetuses destined to be examined for soft tissue defects were 
fixed and decalcified in Bouin’s fixative for a minimum of 2 weeks. These 
fetuses were reexamined for external defects under a low power binocular 
dissecting microscope and sectioned according to the method of Wilson 
and Warkany (9). Those fetuses designated from each litter for skeletal 
examinations were processed according to the method of Staples and 
Schnell (10). 


The significance of observed variations among the experimental groups 
was determined by using the Student t test (1 1) and the uncorrected x2 
test for binomial populations (11). 


RESULTS AND DISCUSSION 


The observations support the hypothesis that  codeine is a potential 
teratogen. It is closely related structurally to morphine (12), which is 
known to produce soft tissue and skeletal anomalies in the fetuses of CF-1 
mice when administered in high doses on Day 8 or 9 of gestation (1,7,8). 


* Carworth Farms, New City, N.Y. 
2 Teklad rat and mouse diet (6% fat), Teklad Mills, Winfield, Iowa. 


Hiehest dose. as determined in a d o t  studv. where no maternal death or ex- ~. 
cessiveexcitement was observed. . 


USP quality, Control No. 63375, Merck & Co., Rahway, N.J. 
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Table I-Mean Values of the Test Groups 


Resornt,ion ~. 


Fetal Ratio, Rat'io,. - Soft Tissue Skeletal 
Maternal Weight Right Horn1 Right Horn1 X Fetal Sex Ratio, Abnormal- Abnormal- 


Treatment" Ratio, SITb Left Horn Left Horn Weight, g MIF ities ities 
Control (untreated) 25.3150.2 5.415.5 0.510.5 1.38 5.315.6 0.75 1.63 
Codeine on Day 7 26.1150.3 6.314.7 1.110.6 1.26' 5.115.9 0.57 5.86' 
Codeine on Day 8 25.4148.3 6.9'14.0 0.610.4 1.23' 5.615.3 0.13 6.OOc 
Codeine on Day 9 25.7147.4 5.015.4 0.110.3 1.20c 6.114.3 1.14 7.7lC 


Codeine on Day 11 26.7/50.1 4315.2 0.310.2 1.32 4.714.8 1 .oo 6.33c 
Codeine on Day 12 24.6149.2 5.015.0 0.711.5 1.37 5.015.0 0.33 3.17 
Codeine on Days 8 and 9 26.7148.8 5.615.8 0.210.6 0.98r 5.416.0 0.80 15.60' 


< 0.05 


Table 11-Occurrence of Delaved Ossification of the Suoraoccioital Bone 


Codeine on Day 10 26.4155.1 8.0c/6.0 0.210.2 1.18' 8.016.0 0.50 9.33' 


a The dose of codeine was 100 mg/kg sc in all cases. S = starting weight and T = terminal weight. Statistically significant in comparison with untreated control, p 


~ ~~~ 


Abnormal Litters Litters Normal 
Treatment (I Absent Present Fetuses Fetuses 


Control (untreated) 7 I 40 1 
Codeine on Day 7 5 2 35 2 


Codeine on Day 9 3 4b 26 9b 
Codeine on Day 10 2 4 h  33 96 
Codeine o n  Day 11 3 3 18 96 
Codeine on Day 12 5 1 27 1 
Codeine on Days 8 and 9 0 5b 7 226 


Codeine on Day 8 4 4 32 8b 


The dose of codeine was 100 mg/kg sc in all cases. Significance is indicated in p values of'O.06 o r  less when compared to control, 


Although the teratogenic effects of codeine sulfate were similar to those 
of morphine sulfate, many distinct differences between the effects of 
codeine and morphine on gravid mice and their fetuses also were ob- 
served. 


One paradoxical variation was the difference in the gross maternal 
effects of codeine sulfate and morphine sulfate. Although codeine is a t  
least twice as toxic as morphine (13-15) when injected subcutaneously 
or intraperitoneally in mice, the maternal effects of 100 mg of codeine 
sulfatelkg sc were minimal compared to the stimulation followed by 
depression with a hyperactive recovery period with doses of 100-500 mg 
of morphine sulfatelkg sc (1). Slight excitation occurred in a few mice 
after 100 mg of the codeine sulfate solution/kg sc. However, a similar 
excitation also occurred in some untreated control mice from general 
handling and moving. A few mice seemed quiescent when returned to 
their cages postinjection, but most resumed the same level of activity as 
that prior t,o injection. None of the mice went through a period of great 
excitation followed by severe depression, which is typical with doses of 
codeine sulfate above 100 mglkg. Furthermore, there was no variation 


in the maternal response of mice injected on a 2nd day with 100 mg of 
codeine sulfatelkg. 


Another major variation between the effects of codeine sulfate and 
morphine sulfate on CF-1 mouse fetuses was in the production of soft 
tissue anomalies. While morphine sulfate shows a tendency to produce 
exencephaly and cryptorchid testes, especially when administered on Day 
8 of gestation (1, 7), these defects were rare in the fetuses of codeine- 
treated mice. The only soft tissue defect that occurred with any frequency 
in the fetuses of codeine-treated mice was a small extra digit on the 
outside of one or both forepaws, but the incidence of this defect was not 
statistically significant. The one fetus of the codeine-treated mice that. 
did have exencephaly was from the litter of a gravid mouse treated on Day 
8 of gestation with 100 mg of codeine sulfatelkg. 


Skeletal defects in the fetuses of codeine-treated mice were both similar 
and different from the defects seen in the fetuses of morphine-treated 
mice. Both morphine- and codeine-induced skeletal anomalies appear 
to be related to a reduction in the mean fetal weight (8). Mean fetal 
weights were decreased significantly in the groups of mice treated with 


Table 111-Occurrence of Sternebrae Defects 


Litters Litters Normal A hnormal 
Treatment" Absent Present Fetuses Fetuses 


Control (untreated) 5 3 34 7 
Codeine on Day 7 0 7 6  11 266 
Codeine on Day 8 2 6 25 15b 
Codeine on Day 9 1 6 h  17 18b 
Codeine on Day 10 0 66 18 24 


Codeine on Day 12 1 5 18 
Codeine on Days 8 and 9 0 56 8 


Codeine on Day 11 0 6h 14 13b 


% 
The dose of codeine was 100 mg/kg sc in all cases. Significance is indcated in p values of 0.05 or less when compared to control. 


Table IV-Occurrence of Delayed Ossification of the Xiphoid 


Litters Litters Normal Abnormal 
Treatmenta Absent Present Fetuses Fetuses 


Control (untreated) 8 0 41 0 
Codeine on Day 7 7 0 37 0 
Codeine on Day 8 8 0 40 0 


Codeine on Day 10 6 1 41 I 
Codeine on Day 11 6 0 27 0 


Codeine on Day 9 4 3 h  29 6b 


Codeine on Day 12 5 1 27 1 
Codeine on Days 8 and 9 0 5 h  16 13b 


The dose of codeine was 100 mg/kg sc in all cases. Significance is indicated in p values of 0.05 nr less when compared to control 
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Figure 1-Alizarin red S stained skeletal specimens o f  18-day-old mouse fetuses, showing normal and  delayed ossification o f  the supraoccipital 
bone and paws. Top: fetus of untreated control mouse with normal supraoccipital bone and paws. Bottom: fetuses of  mice treated with 100 mg 
of codeine sulfatelkg on both Days 8 and 9 of gestation, showing delayed ossification of the supraoccipital bone and paws. 


100 mg of codeine sulfatelkg on Day 7,8,9,10, or 11 or on both Days 8 
and 9 of gestation. The most significant decrease occurred in the group 
treated on both Days 8 and 9 (Table I).  Not only was the mean fetal 
weight lowest and the mean number of skeletal defects highest in this 
group, but the severity of the defects in this group was also greater than 
in any other codeine-treated group, suggesting an additive or cumulative 
effect of the drug and a range of days of gestation on which the fetus is 
susceptible to the effects of codeine sulfate. 


Skeletal defects consisted of delayed ossification of the supraoccipital 
bone, split supraoccipital bone, missing supraoccipital bone, delayed 
ossification of the sternebrae, split sternebrae, checkerboard sternebrae, 
polysternebrae, missing sternebrae, delayed ossification of the xiphoid, 
split xiphoid, and delayed ossification of the paws (Figs. 1 and 2). When 
these defects were summarized into four categories (delayed ossification 
of the supraoccipital bone, sternebrae defects, delayed ossification of the 
xiphoid, and delayed ossification of the paws) and compared to the 
control group on a litter and fetal basis (Tables 11-V), the range of days 
on which the fetus is susceptible and the additive or cumulative effect 
of codeine sulfate can again be seen. 


One common defect occurring from treatment with codeine was de- 
layed ossification of the paws. To set a standard for the determination 
of this defect, eight litters of alizarin red S bone stained fetuses from 


untreated mice were examined. The forepaws had 12 ossification sites 
each, while the hindpaws had 14 ossification sites each (excluding the 
toenails). In the forepaws, the ossification sites were arranged in three 
rows containing four sites each. The ossification sites in the hindpaws 
were also arranged in three rows, except that  the first and second rows 
each contained five sites, counting from the metatarsals toward the 
toenails. Also, each hindpaw had two ossification sites in the lower ankle 
or heel. Thus, the total number of ossification sites in the forepaws and 
hindpaws, excluding the toenails, was 56. 


However, due to the lateness of the ossification of the paws in gestation 
and minor variations in the exact time of conception, the third set of 
ossification sites nearest the toes was often missing, even in the fetuses 
of untreated mice. Therefore, eliminating the latter set of sites from the 
overall count of ossification sites in the four paws left 40 sites present in 
normally developing fetuses at Day 18 of gestation. Thus, any fetus having 
40 or more ossification sites in its four paws, excluding the toenails, was 
considered to have normal ossification of the paws; any fetus having less 
was considered to have delayed ossification of the paws. 


On this basis, there was a significant increase in the litter incidence 
of delayed ossification of the paws in all treated groups of gravid mice 
except the group treated with 100 mg of codeine sulfatelkg on Day 12 of 
gestation (Table V). The fetal incidence of this defect was significantly 
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Figure 2-Alizarin red S stained skeletal specimens of 18-day-old mouse fetuses, showing normal and abnormal sternebrae and xiphoids. 7op: 
fetus of untreated control mouse, showing normal sternebrae and xiphoid. Bottom (left t o  right): fetuses of mice treated with 100 mg of codeine 
sulfatelkg on both Days 8 and 9 of gestation, showing delayed ossification of the sternebrae and split xiphoid, misaligned f i f th sternebra, slightly 
delayed ossification of the xiphoid (note butterfly shape), checkerboard sternebrae, and split xiphoid. 


higher than the control group in all treated groups. The least-significant 
increase occurred in the group treated with a single dose of codeine on 
Day 12 of gestation, and the most significant increase occurred in the 
group treated with codeine on both Days 8 and 9 of gestation (Table V). 
With a single dose of codeine on a specific day of gestation from Days 7 
to 12, the most significant increases in the incidence of delayed ossifica- 
tion of the paws on both a litter and fetal basis occurred with treatment 
on Day 8,9, or 10, suggesting that these are the days of gestation on which 
the fetus is most susceptible to this effect of codeine (Table V). 


Similarly, the highest incidence of sternebrae defects on a fetal basis, 
as well as the most severe defects such as split or missing sternebrae, 
occurred with injection of 100 mg of codeine sulfate/kg on both Days 8 
and 9 of gestation. Significant increases in the incidences of sternebrae 
defects occurred in all treated groups except the group treated on Day 
12 of gestation (Table 111). On a litter basis, significant increases in the 
incidence of sternebrae defects occurred in the groups treated with a 
single dose of codeine on Day 7,9,10, or 11 of gestation as well as in the 
group treated on both Days 8 and 9 of gestation (Table 111). Thus, much 


like the defect of delayed ossification of the paws, the most critical days 
for the production of sternebrae defects by codeine sulfate appear to be 
centered around Days 8-10 of gestation. 


Another defect showing the most significant increase in incidence on 
both a fetal and litter basis with treatment on both Days 8 and 9 of ges- 
tation with 100 mg of codeine sulfate/kg was delayed ossification of the 
supraoccipital bone (Table 11). Moreover, the degree of delayed ossifi- 
cation of the supraoccipital bone varied throughout the affected groups 
but was most severe in the fetuses of gravid mice treated on both Days 
8 and 9 of gestation, often resulting in a split or missing supraoccipital 
bone. However, the range of days of gestation on which the mouse fetus 
was susceptible to the production of this defect by codeine was slightly 
smaller than the ranges for sternebrae defects and delayed ossification 
of the paws (Tables 111 and V). On a fet,al basis, significant increases in 
the incidence of delayed ossification of the supraoccipital bone occurred 
with treatment on Day 8, 9, 10, or 11 of gestation; on a litter basis, only 
treatment on either Day 9 or 10 caused a significant increase in the inci- 
dence of this defect (Table 11). Thus, the most susceptible period of 
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Table V-Occurrence of Delayed Ossification of the Paws 
Litters Litters Normal Abnormal 


Treatment“ Absent Present Fetuses Fetuses 


Control (untreated) 7 1 40 i 
Codeine on Day 7 3 46 27 l o b  


Codeine on Day 10 0 6b 23 19b 
Codeine on Day 11 1 5b 17 l o b  


Codeine on Days 8 and 9 0 56 7 22b 


Codeine on Day 8 0 8 6  17 23b 
Codeine on Day 9 1 6 b  17 18b 


Codeine on Day 12 4 2 22 6b 


0 The dose of codeine was 100 mgkg sc in all cases. Significance is indicated in p values of 0.05 or less when compared to control. 


gestation of the CF-1 mouse fetus to the effects of codeine sulfate in the 
production of delayed ossification of the supraoccipital bone centers 
around Days 9 and 10. 


The least frequent of the defects that increased significantly in a 
treated group was delayed ossification of the xiphoid. The most signifi- 
cant increase in the incidence of this defect on a litter and fetal basis 
occurred with treatment on both Days 8 and 9 of gestation (Table IV). 
However, with a single lOO-mg/kg dose of codeine sulfate on a single day 
of gestation from Days 7 throfigh 12, the only day of treatment showing 
a significant increase in the incidence of delayed ossification of the xi- 
phoid on either a litter or fetal basis was Day 9 of gestation (Table IV). 
Although treatment on Day 7,8,10,11, or 12 of gestation did not signif- 
icantly increase the incidence of delayed ossification of the xiphoid and, 
in fact, treatment on Day 8 caused no incidence of delayed ossification 
of the xiphoid, treatment on both Days 8 and 9 of gestation with 100 mg 
of codeine sulfate/kg more significantly increased the incidence of this 
defect than treatment on Day 9 alone (Table IV). Thus, this finding again 
suggests that there is an additive or cumulative effect of the drug in the 
tissues that accounts for the increase in the teratogenic response. 


In conclusion, the effects of codeine sulfate on the development of the 
CF-I mouse fetus parallel the effects of morphine sulfate with regard to 
mean fetal weight reduction and the production of skeletal defects such 
as delayed ossification of the supraoccipital bone, sternebrae, and paws. 
However, the gross soft tissue defects, such as exencephaly and cryp- 
torchid testes, and the gross skeletal defects, such as vertebral and rib 
fusions, present in the fetuses of mice treated on Day 8 or 9 of gestation 
with morphine sulfate (1, 7, 8) were not present in the fetuses of co- 
deine-treated mice. 


The major defects caused by codeine sulfate appear to parallel closely 
the minor defects caused by morphine sulfate. Consequently, the effects 
of codeine sulfate on fetuses of CF-1 mice appear to be those of a weak- 
ened morphine, which is not unexpected since aboi.it 10% of a dose of 
codeine is metabolized to morphine (16). Therefore, although the toxicity 
of codeine in mice when injected subcutaneously is at least twice that of 
morphine (13), the teratogenic potential of codeine sulfate in pregnant 
mice apparently is much lower than that of morphine sulfate. On the 
other hand, considering the additive or cumulative effect of codeine in 
regard to the teratogenicity demonstrated in this study and the known 
potentiation of the teratogenic effects of morphine by antihistamines and 
anticholinergics (7, 8), one cannot rule out the possibility of an enhanced 


teratogenic response to codeine when given in combination with either 
or both of the latter types of agents during early pregnancy. 
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GLC Determination of Urinary Chlorthalidone Levels 


HERSCHEL LIx,  MARTHA M. JOHNSTON, and DANIEL MUFSON 


Abstract A sensitive and specific GLC method for the determination 
of urinary chlorthalidone levels was developed using on-column meth- 
ylation. Chlorthalidone is converted to a tetramethylated derivative with 
trimethylanilinium hydroxide in methanol. This method, which permits 
the determination of as little as 0.1 pg of chlorthalidone/ml of dog urine, 
should be adequate for use with human subjects receiving a clinical 
dose. 


Keyphrases a Chlorthalidone-GLC analysis in urine 0 GLC-anal- 
ysis, chlorthalidone in urine a Diuretics-chlorthalidone, GLC analysis 
in urine 


Chlorthalidone' (I), 2-chloro-5- (1 -hydroxy-3-oxo- 1- 
isoindolinyl)benzenesulfonamide, is an oral diuretic agent 
for the treatment of edema and hypertension. The need 
to study the pharmacokinetics and bioequivalence of 
chlorthalidone formulations led to the development of two 
analytical methods: an enzymatic method based on the 
inhibition of carbonic anhydrase2 and a GLC method, 
which is described in this paper. 


One method (1) that used 14C-chlorthalidone was not 
specific for chlorthalidone since the total radioactivity of 
the unchanged drug and the metabolites was measured. 
A spectrophotometric method was reported, based on the 
conversion of chlorthalidone to 2-( 3'-sulfonamido-4'- 
chlorobenzoy1)benzoic acid (2, 3). This method also was 
not sufficiently specific or sensitive to determine chlor- 
thalidone levels after a clinical dose. 


GLC has been used widely in the quantification of 
substances isolated from biological materials when both 
sensitivity and specificity are required. However, underi- 
vatized chlorthalidone is not suitable for GLC because of 
polar active groups. In one GLC method (4), a suitable 
tetramethylated derivative of chlorthalidone was prepared 
successfully by extractive alkylation. However, the key 
reagent for the preparation, tetrahexylammonium hy- 
drogen sulfate, is not commercially available. Attempts 
in this laboratory to use other quaternary ammonium re- 
agents such as tetrabutylammonium hydroxide and 
tetrahexylammonium benzoate resulted in a low yield of 
the derivative. Other approaches to chlorthalidone deri- 
vatization such as silylation and acetylation also were ex- 
plored but were not feasible. 


Suitable methylated derivatives of barbiturates, phe- 
nolic alkaloids, and xanthine bases were prepared by on- 
column methylation (5). The procedure was simple and 
gave quantitative yields. This report describes the appli- 
cation of this technique to chlorthalidone analysis. On- 
column methylation of chlorthalidone under optimized 
conditions produced only one derivative peak as compared 
to the chromatogram obtained by injecting the methyl- 
ating agent alone. This method is sensitive enough to de- 
tect 0.1 pg of chlorthalidone/ml in urine. Based on the re- 
ported (3) urinary chlorthalidone concentrations, the 
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present method should be adequate for the determination 
of urinary chlorthalidone from human subjects after a 
100-mg oral dose. 


EXPERIMENTAL 


Apparatus-A gas chromatograph3 equipped with a flame-ionization 
detector was used. A 1.8-m X 0.63-cm i.d. glass column was packed with 
3% JXR on 100-120-mesh Gas Chrom Q4. The injector and manifold were 
set at 300'. The column temperature was 190' initially and was pro- 
grammed a t  4"/min to 260'. For some experiments, an isothermal mode 
a t  260' also was employed. The carrier gas was helium with a flow rate 
of 40 ml/min. 


Reagents-Trimethylanilinium hydroxide5 (0.2 M )  in methanol was 
used as a methylating agent. Stock solutions of the following compounds6 
were made in acetone7: chlorthalidone, isopropyl2-(3'-sulfonamido-4'- 
chlorobenzoy1)benzoate (II), 2-hydroxymethylphenyl-3'-sulfonamido- 
4'-chlorophenylcarbinol (III), and 3-isobutyloxy-3-(3'-sulfonamido-4'- 
chloropheny1)phthalimidine (IV). 


Procedure-A series of control human urine samples (5.0 ml) in 15-ml 
polytef-lined screw-capped tubes was spiked with 5,10,20,30,40, or 50 
pl of chlorthalidone stock solution (1.03 pg/lO pl in acetone). These 
samples were used to generate a standard curve from which the chlor- 
thalidone concentrations in unknown samples were calculated. Aliquots 
(5.0 ml) of the unknown urine samples were pipetted into similar tubes. 
Excess sodium bicarbonate was added to each tube, and saturation was 
obtained by vortexing. Five milliliters of ether7 with 30 pl of n-docosane4 
(40 ng/pl in chloroform7) as an internal standard was added. 


The samples were extracted for 10 min in a horizontal shaker8. After 
centrifugation a t  5", the ether phase was transferred to a conical tube. 
The extraction was repeated similarly for a second time with the omission 
of the internal standard, and the pooled ether phase was then evaporated 
to dryness by a gentle nitrogen stream. The residue was redissolved in 
50 1 1  of 0.2 M trimethylanilinium hydroxide in methanol by vigorous 
vortexing. An aliquot (2.0 pl) was then injected into the gas chromato- 
graph. 


RESULTS AND DISCUSSION 


Injector Temperature  and  Injector Geometry-The function of 
the injector was to act as a flash vaporizer and a reaction chamber. Initial 
studies showed that its effectiveness depended on the appropriate injector 
temperature and the integrity of the injector geometry. At an injector 
temperature of 250°, no methylated chlorthalidone peak was observed. 
However, a t  300°, methylation took place instantaneously. A further 
increase in the injector temperature to 350" did not affect the reac- 
tion. 


Experience in this laboratory also indicated that the injector geometry 
of some gas chromatographs gave more dependable results for the direct 
methylation of chlorthalidone. With a gas chromatograph3 equipped with 
a removable glass injector liner in a heated injector assembly, repro- 
ducible derivatization was observed. However, with a different gas 
chromatographg that employed an extension of the glass column proper 
as the injector instead of a removable glass injector liner, care had to he 
exercised to exclude any column packing materials in the heated zone 
of the injector. This precaution was critical for reproducible chlorthali- 
done derivatization. 


Molar Ratio-Studies on the extent of chlorthalidone methylation 
showed that the products were dependent upon the methylating agent 
concentration (Table I). When the molar ratio of chlorthalidone to 
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Table I-Qualitative Relationships between Molar Ratio of 
Chlorthalidone to Trimethylanilinium Hydroxide and  
Methylation of Chlorthalidone 


PeakA PeakB PeakC PeakD 
(15.3 min) (15.4-15.6 rnin). (16.7-16.9 min) (17.7 min) Molar Ratio 


1:20 or above Very large - - - 
1:lO Large Small - - 
1:4 Medium Small Small - 
Chlorthali - - Very small Small Large 


done in 
excessa 


A saturated solution of chlorthalidone in 0.2 M trimethylanilinium hydroxide 
in methanol. 


methylating agent was 1:20, one peak at the retention time of 15.3 min 
(i .e. ,  peak A) was observed. Further increases of the molar ratio did not 
cause any change. However, when the molar ratio was reduced stepwise, 
two or three additional peaks with tailing a t  higher retention times (i.e., 
peaks B, C, and D) were observed. In the absence of the methylating 
agent, no derivative peak was observed. 


The shorter retention time of peak A indicates that peak A has a higher 
degree of methylation than peaks B, C, and D. Furthermore, the absence 
of tailing in peak A as compared to the progressive severity of tailing in 
peaks B, C, and D suggests the total conversion of the active hydrogen 
atoms to methyl groups. Therefore, these results indicate that the de- 
rivative is tetramethylated chlorthalidone. 


GLC-Mass Spectrometry-Further structure elucidation of the 
postulated tetramethylated chlorthalidone was studied by GLC-mass 
spectrometry'O. The optimized derivatization conditions and GLC con- 
ditions described were employed. The single derivative peak obtained 
was examined by electron-ionization and chemical-ionization mass 
spectrometry. 


The molecular weight of tetramethylated chlorthalidone 
(C18H1gCIN204S) is 394. With electron ionization, the expected molecular 
ion, M+, was not observed a t  mle 394, probably due to its low intensity. 
However, when chemical ionization with isobutane as the reactant gas 
was employed, an intense quasimolecular ion a t  m/e 395 and the corre- 
sponding chlorine isotope ion a t  397 were observed. The intensity of these 
two peaks bore a ratio of 3:1, in accordance with the characteristic 
abundance of 35Cl to 37C1. 


The electron-ionization spectrum also showed strong fragment ions 
a t  mle 363 and 365 with an intensity ratio of 31. These ions were probably 
formed by the loss of a methoxy radical. Furthermore, a similar doublet 
of the same intensity ratio at mle 287 and 289 was observed. These peaks 
were probably due to the loss of a dimethylsulfonamide group. Based on 
t,hese studies, the structure of the derivative formed by on-column 
methylation was assigned as 2-chloro-5-(2-methyl-l-methoxy-3-oxo- 
isoindoliny1)benzene-N,N-dimethylsulfonamide. 


Standard Curves-With the temperature program mode as specified 
under Apparatus, the retention time and temperature of the n-docosane 
peak were 5.3 min and 211'; for the tetramethylated chlorthalidone peak, 
they were 15.3 min and 251'. The relative retention time of the tetra- 
methylated chlorthalidone peak with respect to the n-docosane peak was, 
therefore, 2.9. Extracts of control urine samples from eight human 
subjects gave no interference with either the tetramethylated chlor- 
thalidone or n-docosane peak. 


The composite standard curves for the extracted and unextracted 
chlorthalidone for the range of 0.5-5 qg/5 ml of urine were obtained from 
two experiments. The values for chlorthalidone-spiked urine after ex- 
traction were compared with a similar series of unextracted reference 
standard solutions of chlorthalidone. The standard curves of the relative 
peak areas uersus concentrations in micrograms per 5 ml of urine were 
determined by regression analysis. The equation for the extracted 
chlorthalidone was (n l  = 23, rl = 0.9740) y1 = 0.0621 + 0.2040~1; that 
for the reference standard of chlorthalidone was (n2 = 9, r2 = 0.9869) yz  
= 0.0271 t 0.2040~2. The standard curves for both the extracted and 
unextracted chlorthalidone were linear, as reflected by the values of the 
correlation coefficient. 


Internal Standard-An ideal internal standard for GLC has similar 
chromatographic properties to the compound under investigation and 
can be quantitatively extracted under identical conditions from biological 
samples. Such an internal standard can be added to  biological samples 


~ ~ ~~ 


10 DuPont 492 gas chromatograph-mass spectrometer interfaced to an A.E.I. 
data processing system. 


52 
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Figure 1-Gas chromatogram showing the separation of chlorthalidone 
( I )  and IV after on-column methylation. Compounds I and IV were 
coertracted after a control human urine sample was spiked with the 
compounds. 


a t  the initial step of the procedure and is then subjected to the same ex- 
traction, derivatization, and chromatographic conditions as the com- 
pound of interest. 


Initial testing for a suitable internal standard was carried out with 
chlorthalidone analogs. Among these, I1 and I11 showed both desirable 
retention times with reference to chlorthalidone and linear relative 
area-concentration relationships. However, these compounds were not 
quantitatively coextracted with chlorthalidone under the specified 
conditions. For this reason, n-docosane was used as an internal standard 
for the initial study. 


Subsequent studies revealed that IV was a suitable internal standard 
and satisfied the aforementioned criteria. To establish the recovery after 
solvent extraction and the linearity of the standard curves using IV as 
an internal standard, a series of control human urine sample8 was spiked 
with different concentrations of IV and chlorthalidone. The concentration 
ratio between IV and chlorthalidone was 1.5. Extraction and sample 
analysis were performed as described under Procedure. For comparison, 
a similar series of unextracted reference standard solutions of chlor- 
thalidone and IV also was determined. 


The GLC analysis waa performed on a similar model gas chromato- 
graphD with a glass column (1.8 m X 0.63 cm id.) of 3% SP-2100 on 
100-120-mesh Supelcoportll. At a column temperature of 260°, the re- 
tention times for the methylated chlorthalidone and IV were 4.8 and 6.3 
min, respectively (Fig. 1). With the temperature programmed a t  S0/min 
from 190 to 260°, the baseline disturbance was minimized and, therefore, 
was more suitable for the determination of low concentration samples. 


11 Supelco Inc., Bellefonte, Pa. 
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Table 11-Coextraction of Chlorthalidone and IV (Internal 
Standard) from Urine as Compared to the Unextracted 
Reference Standards 
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Figure %-Gas chromatogram from a n  extract of a control human urine 
sample spiked with I and IV. T h e  peaks represent 67 ng of I and 100 ng 
of IV (upper tracing). The  chromatogram of the  corresponding blank 
urine extract is shown in  the  lower tracing. 


The retention times of the methylated chlorthalidone and IV were 12 and 
13.8 min, respectively. The upper tracing in Fig. 2 was obtained from an 
extract of a control human urine sample spiked with the drug and the 
internal standard. The lower tracing represents the extract of the same 
urine sample without spiking and shows no interfering peaks with either 
chlorthalidone or IV. 


With the temperature program mode, the regression equation for the 
unextracted samples (n  = 16, r = 0.9922) was y3 = 0.1245 t 1.3440~3; that 
for the unextracted samples ( n  = 16, r = 0.9927) was y4 = 0.0993 t 
12931x4. These results demonstrated good agreement and linearity of 
the standard curves for the extracted and unextracted chlorthalidone 
when IV was used as an internal standard. 


The recovery of chlorthalidone from urine by solvent extraction is 
shown in Table 11. As compared to a similar series of unextracted refer- 
ence standards of chlorthalidone samples, the average recovery was 96% 
for the range of 0.6-5.8 r g / 5  ml of urine. Therefore, these results showed 
that IV was coextracted with chlorthalidone under the same conditions 
and demonstrated similar reactivity in the derivatization and chroma- 
tographic conditions. For these reasons, IV can be added to the urine 
samples as an internal standard at  the initial step of the procedure and 
is recommended for use in future studies. 


Determination of Chlorthalidone in Dog Urine Samples-The 
suitability of this method for the determination of urinary chlorthalidone 
was tested with urine from a male 18-kg mongrel dog. A 200-mg oral dose 
of chlorthalidone dissolved in 2 ml of polyethylene glycol 200 was given 
to the dog, and the urine was collected in a metabolic cage. The results 
(Table 111) indicated rather rapid chlorthalidone excretion; 62% of the 
administered dose was found in the urine after 30 hr. 


Conclusions-The present procedure is simple to use as compared 
to the extractive alkylation employed by Ervik and Gustavii (4). Fur- 


Chlorthalidone 
Concentration, Corrected Relative Area" 


pg/5 ml of Urine Unextracted Extracted Recovery, % 


5.82 7.693 f 0.002 7.542 f 0.147 98 
4.99 7.010 f 0.383 6.432 f 0.397 92 
4.16 5.489 f 0.017 5.529 f 0.390 101 
3.33 4.959 f 0.195 4.560 f 0.204 92 
2.50 3.576 0.331 3.453 f 0.286 97 
1.66 2.501 f 0.158 2.406 f 0.006 96 
0.83 1.226 f 0.014 1.192 f 0.030 97 
0.62 0.660 f 0.009 0.614 f 0.045 93 


O Corrrcted relative area = (peak area of chlorthalidonelpeak area CJf 1V) X pg 
of IV. Each value represents the mmn of duplicate detrrminations. 


Table 111-Urinary Excretion of Chlorthalidone from a Dog" 


Sample, Excretion, Excretion, Rate, 
hr mg ?b of Dose mg/hr 
1 48 24 12 


Chlorthalidone Cumulative Excretion 


6 31 40 15.5 
23.5 37 58 2.1 
30 7 62 1.1 


a Oral dose: 200 mg of chlorthalidone dissolved in 2 ml of polyethylene glycol 
200. 


thermore, the feasibility of using an electron-capture detector in con- 
junction with on-column methylation was demonstrated by Vanden- 
Heuvel et (11. (6) in the determination of hydrochlorothiazide. Since the 
same derivative of chlorthalidone was formed in both the extractive al- 
kylation and the on-column methylation, the use of an electron-capture 
detector would increase the sensitivity limit of the present method. 
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Chlorthalidone Analysis 
Using Carbonic Anhydrase Inhibition 


MARTHA M. JOHNSTONx, HERSCHEL LI, and DANIEL MUFSON 


Abstract Chlorthalidone was analyzed in the concentration range of 
0.1-3.0 pg/ml with a precision of f0.05 pg/ml. Chlorthalidone inhibition 
of the enzymatic hydrolysis rate of p-nitrophenyl acetate by bovine 
erythrocyte carbonic anhydrase was used as a basis for the determination. 
The amount of p-nitrophenol formed was measured by monitoring the 
absorbance a t  400 nm, and its formation rate was proportional to the 
chlorthalidone concentration. The mixing of the enzyme, substrate, and 
sample, the incubation of the reaction mixture, and the recording of the 
absorbance were automated. A survey of urine samples from 26 normal 
human subjects did not reveal any endogenous substances that interfered 
with the assay. Analyses of urine samples from six subjects after oral 
administration of 100 mg of chlorthalidone indicated rapid absorption 
and a biphasic elimination. The cr-phase half-life was 1.5 hr, and the 8- 
phase half-life was 35 hr. 


Keyphrases 0 Chlorthalidone-spectrophotometric analysis based on 
inhibition of carbonic anhydrase, urine Spectrophotometry-analysis, 
chlorthalidone, based on inhibition of carbonic anhydrase, urine 
Carbonic anhydrase-inhibition by chlorthalidone, spectrophotometric 
analysis, urine 0 Diuretics-chlorthalidone, spectrophotometric analysis 
based on inhibition of carbonic anhydrase, urine 0 Enzymes-carbonic 
anhydrase, inhibition by chlorthalidone, spectrophotometric analysis, 
urine 


Two methods were reported for chlorthalidone analysis 
in biological fluids. One method involved the conversion 
of chlorthalidone to 2-(3’-sulfonamido-4’-chlorobenzo- 
y1)benzoic acid and the measurement of the resulting 
change in UV absorption (1); the other method used GLC 
(2). The UV spectrophotometric method was not sensitive 
enough to detect the chlorthalidone levels in urine after 
a therapeutic dose of 50 or 100 mg, and the GLC method 
could not be reproduced since one reagent was not avail- 
able commercially. Because of these difficulties, an alter- 
native method of analysis was needed. Developmental 
work yielded two methods concurrently: one method was 
a GLC analysis utilizing on-column methylation (3), and 
the second was the enzymatic method described in this 
report. 


Chlorthalidone inhibits carbonic anhydrase (EC 4.2.1.1) 
by decreasing the production rate of the product from the 
substrate by the catalytic action of the enzyme (4). Since 
the decrease in the catalytic rate is proportional to the 
chlorthalidone concentration, measurement of this de- 
crease can be used to determine the chlorthalidone level 
in unknown samples. This principle was utilized previously 
for the assay of acetazolamide (5,6) and furosemide (7). 
Carbonic anhydrase catalyzes the hydration of carbon 
dioxide, and the activity of the enzyme toward the physi- 
ological substrate, carbon dioxide, is usually measured by 
determining the rate of increase that the enzyme causes 
in pH during bubbling of carbon dioxide through a slightly 
alkaline buffer (5). 


However, the enzyme also has estrolytic activity toward 
nonphysiological substrates (8). One substrate, p-nitro- 
phenyl acetate, is hydrolyzed to p-nitrophenol; the hy- 
drolysis rate is proportional to the change in absorbance 
at  400 nrn. With this substrate, an automated analysis was 


2 
JACKETED 
DOUBLE 
MIXING 


PROPORTIONING 
PUMP 


DOUBCE 


U 
HEATING BATH ;I! ~ 37e1 


I 
DEBUBBLER 


WASTE - 
COLORIMETER RECORDER 


FILTER 410 nrn 


Figure 1-Diagram of automated analysis system. For the substrate 
line, a silicone pump tube connected to polyethylene tubing was used. 
All other pump tubes and other tubing were polyoinyl chloride. Either 
400- or 410-nm filters may be used for the colorimeter. 


developed for solutions containing 0.1-3.0 pg of chlor- 
thalidone/ml. 


The drug in urine can be analyzed by this method either 
directly or after chlorthalidone has been extracted selec- 
tively. The direct assay yields only an estimate of chlor- 
thalidone since it is influenced by the yellow pigments in 
the urine and the urine pH. However, an estimate is useful, 
particularly for samples with a high chlorthalidone con- 
centration, so that the the urine can be diluted appro- 
priately before the extraction. 


Scheme I shows a flowchart for the analysis of chlor- 
thalidone in urine samples. First, the sample is assayed 
directly; then it is diluted and reassayed until the inhibi- 
tion is less than that caused by 2 pg of chlorthalidone/ml. 
With the use of this information, the urine sample is di- 
luted, extracted, and assayed. The methods for the direct 
assay, the extraction, and the assay of the extracts are 
described here. 


EXPERIMENTAL 


Reagents for Automated Analysis System’-The buffer was 0.1 M 
tromethamine*, pH 7.5, plus 0.1% surfactant3, The enzyme solution 
contained 30 mg of bovine erythrocyte carbonic anhydrase4/liter of buffer. 
The substrate solution contained 1.0 mM p-nitrophenyl acetate5 in 
polyethylene glycol 4006. 


AutoAnalyzer I ,  Technicon Industrial Systems, Tarrytown, N.Y. 
Nutritional Biochemical Corp., Cleveland, Ohio. 


Sigma Chemical Co., St. Louis, Ma. 
SchwardMann, Orangeberg, N.Y. 
J. T. Baker Chemical Co., Phillipsburg, N.J. 


3 Triton X-405, Rohm and Haas Co., Philadelphia, Pa. 
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CHLORTHALIDONE, pg/ml 
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and assay 
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Glorthalidone 
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assay di luted urine and assa 


Chlorthalidone 
concentrat ion concentration 


Scheme I 


Chlorthalidone Standards-To prepare a stock solution, 10 mg of 
~hlorthalidone~ was dissolved in 10 ml of dioxane8 and diluted to 100 ml 
with 0.1 M tromethamine, pH 7.5. For the direct assay method, chlor- 
thalidone standards of 0.5, 1.0, 2.0, 3.0, and 4.0 pglml were made by 
dilution of the stock solution with buffer. For the assay of extracted urine 
samples, chlorthalidone standards were prepared by adding 2.5,5.0,7.5, 
10.0,12.5,15.0, and 20.0 pg of chlorthalidone to 4.0-ml aliquots of normal 
human urine. Sufficient water was added to bring the sample volumes 
to 5.0 ml. These standards were extracted with the unknown urine sam- 
ples. 


Automated Procedure-Figure 1 is a diagram of the automated 
analysis system. The colorimeter was calibrated by adjusting the ab- 
sorbance to zero, with buffer being pumped through the enzyme and 
sample lines and substrate being pumped through the substrate line. This 
baseline corrected for the nonenzymatic hydrolysis of the substrate 
during the reaction. The enzyme pump line was then switched from the 
buffer solution to the enzyme solution, which caused the increase in ab- 
sorbance, An, shown in Fig. 2. This increase represents the uninhibited 
enzymatic velocity. Five minutes later, the samples were introduced, and 
the degree of inhibition of carbonic anhydrase by chlorthalidone was 
reflected by the reduction in absorbance, AA. 


Standards were reassayed repeatedly during the automated procedure, 
with no more than 15 unknowns between each set of standards. The 
chlorthalidone concentrations of each set of unknowns were calculated 
by using a standard curve of AA uersus chlorthalidone concentration 
values from the sets of standards run immediately before and after the 
unknowns. 


Direct Assay Procedure-The urine samples were diluted 1:5 with 
buffer, as indicated in Scheme I, and assayed automatically. T o  correct 
for the effect of the yellow urine pigments, the samples were run through 
the automated system using buffer instead of enzyme. The differences 
in absorbance caused by the urine samples were subtracted from the AA 
values obtained when the enzyme was introduced. The chlorthalidone 
concentration was calculated from this corrected AA value. Unextracted 
chlorthalidone standards were used for the standard curve. 


Extraction Procedure-The results of the direct assay were used to 
estimate the amount of dilution necessary to bring the chlorthalidone 


~~ ~ 


USV Pharmaceutical Corp., Tuckahoe, N.Y. 
Mallinckrodt, St. Louis, Mo. 


0.3 - 


0.2 - 


q 


Figure 2-Typical recording obtained using chlorthalidone standards 
extracted f rom urine. The  initial portion of the tracing shows the 
baseline obtained when only substrate and buffer were pumped through 
the system. The  arrow indicates the addition of enzyme, and An repre- 
sents the velocity of the uninhibited enzymatic reaction. The  inhibition 
of the enzyme by the samples caused the decreases in  absorbance, AA. 
The samples were prepared by adding chlorthalidone to  normal human 
urine and extracting as described in the text. 


concentration of the sample to between 1.0 and 2.0 fig/ml. The urine 
dilutions were made with water, and 5.0 ml of the diluted sample was 
placed in a polytef-lined screw-capped culture tube. Sodium bicarbonate 
(0.6-1.0 g) was added to saturate each sample, 5.0 ml of anhydrous ether8 
also was added, and the tubes were shaken for 10 min at 140 oscilla- 
tions/min and centrifuged for 5 min a t  500Xg and 5' to separate the 
phases. Then the ethereal layer was transferred to conical sample 


A second portion of 5.0 ml of ether was added to the aqueous phase, 
the extraction was repeated, and the second ether extract was added to 
the first. The samples were dried under nitrogen at  40°, and the residues 
were dissolved in 0.5 ml of polyethylene glycol 400. The samples were 
diluted with 4.5 ml of buffer and assayed. 


cups? 
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Figure 3-Inhibition o f  carbonic anhydrase by chlorthalidone. The  
reaction mixtures contained 0.09 mg of carbonic anhydrase and 1.0 p g  
(0 ) ,0 .5pg  (0 ) ,0 .1  fig (A), orno ( 0 )  chlorthalidonein2.7mlof0.05 M 
tromethamine, p H  7.5. The reaction was started at zero time by adding 
the substrate, 0.3 rnl of  1.0 m M  p-nitrophenyl acetate in  acetonitrile. 
The  absorbance was measured at 400 n m  at the times indicated. The  
rate of nonenzymatic hydrolysis of p-nitraphen-vl acetate was measured 
in an acetonitrile-tromethamine control (m). 


Brinkmann Instruments, Westbury, N.Y. 
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Figure 4-Typical standard curve for chlorthalidone extracted from 
urine. Standards of chlorthalidone in normal human urine were pre- 
pared, and three or four samples of each standard were extracted and 
analyzed. The error bars represent the standard error of the AA values 
obtained a t  each concentration. 


RESULTS 


Initial Development-The feasibility of the assay was first deter- 
mined using a spectrophotometer'o to measure the absorbance changes. 
Figure 3 shows the rate of enzymatic hydrolysis, the rate of nonenzymatic 
hydrolysis, the slight inhibition by 0.03 pg of chlorthalidone/ml, and the 
nearly complete inhibition by 0.33 pg of chlorthalidone/ml. The small 
variations in the y-intercepts were due to variations in the elapsed time 
for the manual addition and mixing of the substrate before the initial 
absorbance reading was made. However, the slope, which is proportional 
to the enzymatic velocity, was constant for repetitive samples. The 
amount of product formed in 12 min by enzymatic hydrolysis was 10% 
of the available substrate. 


Since some inhibitors of carbonic anhydrase cause a time-dependent 
inhibition (91, chlorthalidone was preincubated with the enzyme for 
various time intervals before substrate addition. The percent of inhibition 
did not depend on the preincubation time for intervals between 1 and 
120 min. 


Assay Automation-Figure 1 is a diagram of the manifold designed 
for the assay. The transit time of the first mixing coil was greater than 
1 min, eliminating any possible effect due to time dependency of the 
chlorthalidone-enzyme interaction. Acetonitrile, used as a solvent for 
p-nitrophenyl acetate in the manual procedure, was changed to p01y- 
ethylene glycol 400 to avoid degradation of the tubing. 


Figure 2 is a typical recording of the chlorthalidone standards extracted 
from urine. The small AA value obtained with the urine without chlor- 
thalidone was due to the polyethylene glycol 400 used to reconstitute the 
sample. The system was sensitive to small changes in chlorthalidone 
concentration between 0.5 and 3.0 pg/ml, indicating the useful range of 
the automated system. Above 3.0 pg/ml, there was little change in the 


10 DU spectrophotometer, Beckman Instruments, Fullerton, Calif. 


amount of inhibition as the drug concentration was increased. Thus, 
samples with a high drug concentration were diluted before analysis. 
Some batches of the commercial carbonic anhydrase exhibited different 
sensitivities to chlorthalidone inhibition than the batch used for the data 
in Fig. 2. This variation in sensitivity may have been due to the purity 
of the enzyme preparation. 


To test the variability of the automated analysis system, solutions 
containing 1.0-4.0 pg of chlorthalidone/ml in buffer were assayed six 
times each, and AA was calculated. The standard deviation a t  each 
chlorthalidone concentration was f0.003. 


Sensitivity of Direct Assay-Control urine samples from 26 normal 
human males were diluted fivefold with buffer and assayed directly. For 
25 subjects, the range of apparent chlorthalidone values was from -0.03 
to +0.57 pg/ml. The value of the 26th subject was 7.8 rg/ml. Additional 
control samples taken a t  a later time from the same subjects were also 
assayed. The apparent chlorthalidone values ranged from -0.08 to +0.71 
pg/ml. The value of the sample from the 26th subject was zero. 


Some samples were assayed after diluting 10-fold with buffer, and the 
apparent chlorthalidone values were the same as those obtained with a 
fivefold dilution, indicating that the positive values were not due to the 
buffering capacity of the urine. The positive values are possibly due to 
inhibition of the carbonic anhydrase by anions, a phenomenon reported 
previously (8). 


Sensitivity of Assay af ter  Extraction-The urine samples from the 
26 normal subjects that  were assayed directly were also assayed after 
extraction. The range of the apparent chiorthalidone values after ex- 
traction was from -0.07 to +0.09 pg/ml, indicating that the sensitivity 
limit of the assay was approximately 0.1 pg/ml. 


Standard Curve-Figure 4 shows a standard curve obtained after the 
extraction of normal human urine spiked with known amounts of 
chlorthalidone. The variation in the AA values indicates that chlorthal- 
idone concentrations can be determined with a precision of f0.05 pg/ml. 
The curvature in the standard curve a t  the higher chlorthalidone con- 
centrations could be reduced by plotting log (AolAo - AA) uersus 
chlorthalidone concentration, but a reverse curvature became evident 
at the lower levels. If dilutions are made before extraction, as indicated 
in Scheme I, then the values of unknown samples should be <2 pg/ml and 
thus be in the most linear portion of the standard curve. 


The slope of the standard curve varied slightly from day to day because 
of small variations in the concentration of the enzyme solution, which 
was made fresh daily. Use of a different batch of enzyme from the supplier 
would sometimes cause a change in the slope. The standard curve was 
not dependent on the composition of the aqueous phase from which the 
chlorthalidone was extracted since the extraction efficiency was the same 
for various normal urine samples and buffer. The data in Fig. 4 are a 
composite of standard chlorthalidone samples extracted from two dif- 
ferent normal human urines. 


Selectivity-Although these results indicate that endogenous urinary 
substances have little or no effect on the assay, particularly after ex- 
traction, other drugs that contain an unsubstituted aryl sulfonamide 
group do inhibit carbonic anhydrase (9). Aqueous solutions of several such 
drugs were tested in the automated analysis system, and the drug con- 
centration necessary to cause the same inhibition as 1.0 pg of chlorthal- 
idone/ml was determined. The results were (per milliliter) 0.5 pg of ace- 
tazolamide4, 1.1 pg of benzthiazide", 3.5 pg of trichlormethiazide12, 10 
,ug of sulfanilamide4, 11 pg of hydrochlorothia~ide~~,  12 pg of polythia- 
zide14, 14 pg of methyclothia~idel~, 18 Wg of cyclothiazide'6, 36 pg of 
bendroflumethia~ide'~, and 58 pg of hydroflumethiazideIs. The substi- 
tuted aryl sulfonamides, sulfis~xazole~, ~ulfacetamide~, and sulfadiazine4, 
did not inhibit the carbonic anhydrase a t  concentrations up to 100 pg/ 
ml. 


Since the only urinary metabolite reported for chlorthalidone is an acid 
(lo), it would not be extracted into the ether a t  pH 8.3 and would not 
affect the chlorthalidone assay. 


Extraction Efficiency-The extraction efficiencies from normal 
human urine at various concentrations of chlorthalidone are shown in 
Table I. The trend toward lower efficiency a t  higher concentrations meant 
that samples had to be diluted into an assayable range before extraction 
to be compared accurately to the extracted standards. Thus, the process 


A. H. Robins Co., Richmond, Va. 
l2  Schering Corp.. Kenilworth, N.J. 
l3 Merck Sharp & Dohme, Rahway, N.J. 
14 Pfizer Inc., Brooklyn, N.Y. 


' 6  Eli Lilly and Co., Indianapolis, Ind. 
l7 E. R. Squihh & Sons, Princeton, N.J. 
18 Bristol Laboratories, Syracuse, N.Y. 


Abbott Laboratories, North Chicago, Ill .  
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Table I-Extraction Efficiency for Chlorthalidone from Urine 


Chlorthalidone 
Concentration, pg/ml Recoverya, % 


0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
4.0 


10.0 
50.0 


99 
88 
89 
89 
84 
83 
84 
74 
A2 


Average of duplicates 


for handling unknown samples shown in Scheme I was developed. The 
decrease in extraction efficiency may be due to the limited chlorthalidone 
solubility in ether, since increasing the number of ether extractions from 
two to four yielded a greater extraction efficiency. 


Stability-There was no detectable loss of chlorthalidone from urine 
samples during 16 weeks of frozen storage. In addition, no substances were 
produced in the urine that interfered with the assay. After extraction and 
reconstitution, chlorthalidone samples were stable for 24 hr a t  room 
temperature or at least 3 weeks at  -15'. The polystyrene sample cups 
used for the automated system were inert to the solution containing 
polyethylene glycol 400, which was used to reconstitute the extracted 
samples. 


Human Urinary Excretion-Six male subjects each received a 
100-mg chlorthalidone tablet, and urine samples were collected for 72 
hr. Figure 5 shows the mean excretion rate versus time. The peak ex- 
cretion rate occurred between 2 and 3 hr after drug administration, in- 
dicating rapid absorption. After absorption, the elimination was biex- 
ponential, indicating a pharmacokinetic model with a minimum of two 
compartments. The half-life values obtained by the method of residuals 
were 1.5 hr for the a-phase and 35 hr for the 0-phase. Analysis of urine 
samples from a subject given orally 100 mg of chlorthalidone as a solution 
showed that the chlorthalidone concentration could be determined up 
to 11 days after drug administration. 


DISCUSSION 


The described method is sensitive enough to determine urinary levels 
after the administration of therapeutic doses of chlorthalidone to humans. 
The only compounds that would interfere with the analysis of urinary 
extracts would be other drugs containing unsubstituted aryl sulfonamide 
groups. In a controlled clinical trial, these drugs would not be present. 


The two-compartment pharmacokinetic model for chlorthalidone 
indicated in Fig. 5 is consistent with previous studies on its pharmaco- 
kinetics. Two studies (10,11) used I4C-chlorthalidone, and a third study 
in a single subject (12) used a GLC assay. The a-phase shown by the 
urinary data may reflect the distribution rate of chlorthalidone from the 
plasma to the erythrocytes since the half-life of this phase is consistent 
with the report that it takes several hours for the distribution of 14C- 
chlorthalidone between the plasma and the erythrocytes to reach a steady 
state (10). 


Assay automation is a major advantage for analysis of a large number 
of samples. However, this method can be performed manually with a 
colorimeter or spectrophotometer, as shown in Fig. 3, if an automated 
system is not available. 


The underlying principle of this assay for chlorthalidone is that the 
drug inhibits the catalytic activity of the carbonic anhydrase. Because 
of the catalytic nature of the enzyme, a low concentration of carbonic 
anhydrase can catalyze the formation of a large amount of product in a 
short time. Chlorthalidone, preseit a t  a low concentration, can interact 
directly with the enzyme, inhibiting the catalytic rate of product for- 
mation. The effect of the drug is determined by measuring the difference 
in the amount of product formed during the transit time in the automated 
analysis system before and after addition of the sample. Because of the 
catalytic nature of the product formation, the effect of a low concentration 
of chlorthalidone in the reaction mixture (about 0.2 pglml) is magnified 
so that the difference in the concentration of product formed (about 2 
pg of p-nitrophenollml) is large enough to be easily measured spectro- 
photometrically. 


This principle could be applied to the analysis of other drugs. Carbonic 


0.05 J I 
r 1 I 1 I 1 I 1 
0 10 20 30 40 50 60 70 


HOURS 
Figure 5-Urinary excretion rate of chlorthalidone by normal human 
subjects. Six male subjects, 19-30 years old, each received a 100-mg 
chlorthalidone tablet. The  mean excretion rate and standard error for 
the six subjects during each co/lection period were calculated. 


anhydrase and the automated system described could be used for other 
drugs containing unsubstituted aryl sulfonamides such as hydrochloro- 
thiazide. Methods could be developed for inhibitors or activators of other 
enzymes. Because of the magnification effect of the enzymatic catalysis, 
these methods, which could be spectrophotometric, would have sensitivity 
limits similar to fluorometric assays or to GLC assays using a flame- 
ionization detector. In addition, the enzymatic assays would be amenable 
to automation. 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants XXX: Relationship between Total Clearance and 
Serum Protein Binding of Dicumarol in Rats 


CHII-MING LA1 and GERHARD LEVYx 


~~~ 


Abstract The effect of serum protein binding on the elimination ki- 
netics of dicurnarol was studied. The serum free fraction of dicumarol 
was essentially independent of concentration over a wide concentration 
range and ranged from 0.00015 to 0.00079 in 10 adult rats. The total 
clearance of dicumarol in these animals ranged from 3.93 to 14.5 ml/kg/hr. 
As in previous studies, there was an excellent linear correlation between 
the elimination rate constant for dicumarol and the fraction of dicumarol 
in the liver (k, the amount of drug in the liver divided by the amount 
of drug in the body). Consistent with theoretical considerations, there 
was a positive and apparently linear relationship between the total 
clearance and the serum free fraction of dicumarol. The individual serum 
free fraction and the fraction in liver values for dicumarol were strongly 
correlated. The pharmacokinetic model based on a proportional rela- 
tionship between the apparent elimination rate constant and the fraction 
in the liver applies to dicumarol but not to warfarin and has limited 
utility. On the other hand, the model relating total clearance to the serum 
free fraction has been found to apply to dicumarol, warfarin, and other 
extensively plasma protein-bound drugs and can be utilized under clinical 
conditions, 
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There are pronounced intersubject differences in the 
elimination kinetics and in the serum protein binding of 
dicumarol in rats (1). The apparent first-order elimination 
rate constant for dicumarol in rats is proportional to the 
fraction of dicumarol in the liver, i .e.,  to the amount of 
dicumarol in the liver divided by the amount of the drug 
in the entire body (2,3). This proportionality is consistent 
with results of experiments with isolated perfused rat livers 
and with theoretical considerations that indicate that the 
biotransformation rate of dicumarol should be propor- 
tional to the amount of drug in the drug-metabolizing 
compartment, i.e., the liver (4-6). However, subsequent 
studies with another coumarin anticoagulant, warfarin, 
failed to show any significant correlation between the 
elimination rate constant of that drug and its fraction in 
the liver (7). 


Based on the results of the warfarin study, a theoretical 
model was developed which predicts a linear relationship 
between the total clearance and the serum free fraction of 
warfarin' (8). This model has been found to apply to 
warfarin in rats (7,8) and humans (91, to bilirubin in rats 
(lo), and to phenytoin in humans (11). Accordingly, this 
study was initiated to determine the relationship between 
the total clearance and the serum free fraction of dicumarol 
in rats. 
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Figure 1-Relationship between the  apparent first-order elimination 
rate constant and the fraction of dicumarol i n  the  liver (r = 0.931, p < 
0.001). 


EXPERIMENTAL 


Blood samples were obtained from 40 adult male Sprague-Dawley rats, 
and the serum was separated. 14C-Dicumarol, 20 pg/ml, was added, and 
the serum free fraction was determined by equilibrium dialysis at 37O 
(1). Based on the results of this screening experiment, 10 rats with a wide 
and relatively even distribution of free fraction values were selected for 
further study. These animals, weighing 337-419 g, received a single 8- 
mg/kg iv dose of 14C-dicumarol (specific activity, 61.7 pCi/mg). 


Blood samples (0.22 ml) were obtained at 4-10-hr intervals (depending 
on the biological half-life) until the plasma dicumarol concentration had 
declined to about 8 pg/ml, a t  which time the animals were sacrificed by 
removing as much blood as possible from the aorta under ether anes- 
thesia. The liver was then removed, blotted under slight pressure, and 
weighed. Dicumarol concentrations in plasma and liver were determined 
after selective extraction as previously described (12). The blood obtained 
when the animals were sacrificed was permitted to clot, and I4C- 
dicumarol, 20 pg/ml, was added to the serum. The free fraction of dicu- 
marol in these serum samples was determined by equilibrium dialysis 
(1). Pharmacokinetic analysis of the data was carried out as previously 
described (2). 


Serum from five adult male Sprague-Dawley rats (who had not re- 
ceived dicumarol) was pooled to determine the relationship between the 
serum free fraction and the dicumarol concentration. 14C-Dicumarol was 
added to yield serum samples with 10 different concentrations, ranging 
from about 9 to about 90 pglrnl. The serum free fraction of dicumarol in 
these samples was then determined in duplicate by equilibrium dialy- 
sis. 


RESULTS 


The senm free fraction is defined BS the concentration of unbound drug divided Results of tlie phmmacokinetic study are summarized in Table I. There 
were pronounced intersubject differences in the biological half-life, total 
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by the concentration of total (free and bound) drug in serum. 







Table I-Pharmacokinetic Constants for Dicumarol in Adult Male Sprague-Dawley Rats 
Volume of Distribution, Total Clearance, Free Fraction in Serum X Fraction in Liver/Serum Concentration 


Rat Half-Life, hr mlkg mlkgihr 104 Livera Ratioa 


1 25.8 
2 23.5 ~ 


3 20.6 
4 17.5 
5 9.80 
6 9.90 
7 8.97 
8 8.04 ~ ~~ 


9 8.02 
10 7.51 


149 
150 
179 
233 
128 
162 
151 
174 
171 
163 


4.00 
4.42 
6.02 
9.23 
9.05 


11.3 
11.7 
15.0 
14.8 
15.0 


At a plasma dicumarol concentration of about 8 aglml. 


Table 11-Relationship between Concentration and Free 
Fraction of Dicumarol in Pooled Serum from Five Untreated 
Rats. 


Concentration, pg/ml Free Fraction X 104 


8.69 1.87 
17.3 1.91 
24.8 
32.2 
42.8 
54.4 
60.6 
68.9 
77.3 
89.3 


2.10 
2.57 
1.67 
1.99 
1.79 
2.13 
2.12 
2.23 


(I Mean of two dialysis experiments for each concentration. 


clearance, serum free fraction, and liver fraction of dicumarol and smaller 
differences in the apparent volume of distribution. Unlike warfarin (7), 
dicumarol had liver/serum concentration ratios less than unity under the 
experimental conditions. The free fraction of dicumarol in serum ranged 
from 0.00015 to 0.00079, indicating that the drug was 99.921-99.985% 
serum protein bound. The serum free fraction of dicumarol was inde- 
pendent of concentration over a wide concentration range (Table 11). The 
coefficient of variation for the free fraction data summarized in Table 
I1 is 12.5% the difference between duplicate samples was 14 f 13.5% 
(mean f S D ) ,  reflecting the technical difficulties of determining the 
serum protein binding of a very extensively bound drug. 


As in previous studies (2,3), there was a strong and apparently linear 
correlation between the apparent first-order elimination rate constant 
and the fraction of dicumarol in the liver (Fig. 1). However, this study 
also revealed a strong and apparent linear relationship between the total 
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Figure 2-Relationship between the total clearance and the serum free 
fraction of dicumarol (r = 0.831, p < 0.005). 


1.50 
3.39 
2.13 
3.72 
6.25 
3.79 
7.79 
7.90 
5.94 
7.30 


0.0528 
0.0670 
0.0658 
0.0679 
0.115 
0.0829 
0.103 
0.142 
0.143 
0.159 


0.303 
0.341 
0.355 
0.481 
0.427 
0.380 
0.444 
0.661 
0.737 
0.714 


clearance and the free fraction of dicumarol in the serum (Fig. 2). There 
was a significant positive correlation between fraction in liver and serum 
free fraction values for dicurnarol in individual animals (r = 0.867, p < 
0.003, n = 10). No such correlation was found for warfarin (7). 


DISCUSSION 


There is a strong theoretical basis and increasing experimental evidence 
for the concept that the total clearance of drugs subject to elimination 
by apparently linear biotransformation processes is proportional to their 
free fraction in serum unless clearance is so high as to be limited or af- 
fected by organ blood flow (13). Dicumarol is not subject to such limita- 
tion by blood flow through the liver (3, 14). The results of this study 
demonstrate that the total clearance of this very extensively serum pro- 
tein-bound anticoagulant is proportional to its free fraction in serum and 
that serum protein binding is the major determinant of interindividual 
differences in the elimination of dicumarol by rats. 


It is likely that such is the case also in humans, based on the following 
indirect evidence. There is a strong correlation between the total clear- 
ances of dicumarol and warfarin in individual rats (1). There is a similar 
strong correlation between individual serum free fraction values for di- 
cumarol and warfarin in rats (I). Finally, the total clearance of warfarin 
in humans is proportional to the free fraction of the drug in serum (9). 
These observations, taken together, suggest that the total clearance of 
dicumarol in humans is likely to be proportional to its serum free fraction. 
Unlike the relationship between the apparent first-order elimination rate 
constant and the fraction of drug in the liver, the relationship between 
total clearance and the serum free fraction can be determined in humans 
under clinical conditions. 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants XXXI: Effect of Plasma Protein 
Binding on Distribution Kinetics of Dicumarol in Rats 
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Abstract The purpose of this investigation was to determine, with 
respect to dicumarol, the effect of plasma protein binding on the phar- 
macokinetic parameters used conventionally to describe the distribution 
kinetics of a drug on the basis of the time course of its plasma concen- 
tration. After rapid intravenous injection, plasma dicumarol concen- 
trations in adult male Sprague-Dawley rats declined triexponentially, 
with the terminal exponential phase starting at about 4 hr. The free 
fraction, f ,  of dicumarol in the serum of individual animals ranged from 
0.000150 to 0.000790. The parameters of the equation C, = Pe-*f + AePaf 
+ for plasma concentration C f  at  time t were obtained by nonlinear 
least-squares computer fitting of the experimental data and varied ap- 
preciably between animals. Of these parameters, only B showed a sig- 
nificant correlation with f .  These observations indicate that the distri- 
bution kinetics of this very extensively plasma protein-bound drug, as 
reflected by the time course of its plasma concentration after intravenous 
injection, are apparently not affected by intersubject differences in 
plasma protein binding. There is a remarkable similarity in the values 
of P, A, B, T, and a for dicumarol and warfarin, even though the serum 
free fraction of these drugs differs considerably. 
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tein binding, rats 0 Distribution kinetics-dicumarol, effect of plasma 
protein binding, rats 0 Pharmacokinetics-distribution of dicumarol, 
effect of plasma protein binding, rats 0 Protein binding, plasma-effect 
on distribution kinetics of dicumarol, rats Binding, plasma protein- 
effect on distribution kinetics of dicumarol, rats Anticoagulants- 
dicumarol, distribution kinetics, effect of plasma protein binding, rats 


Serum (or plasma) protein binding can have a pro- 
nounced effect on the kinetics of drug elimination (1,2). 
This effect is particularly striking with respect to the 
elimination of the extensively serum protein-bound anti- 
coagulants warfarin and dicumarol by rats since the serum 
free fraction of these drugs varies over a wide range in these 
animals (3,4). Consistent with theoretical considerations 
(5), the total clearance of warfarin and dicumarol is directly 
proportional to the serum free fraction of these drugs. 


While the role of serum protein binding in drug elimi- 
nation is beginning to be understood (1,2), its effect on the 
kinetics of drug distribution from the blood to extravas- 
cular sites has not yet been elucidated. In a detailed study 
of the effect of serum protein binding on the distribution 
kinetics of warfarin in rats, no apparent relationship was 
found between the serum free fraction of warfarin and the 
pharmacokinetic parameters conventionally used to de- 
scribe the distribution kinetics of a drug on the basis of a 
multiexponential decline of plasma drug concentrations 
after rapid intravenous injection (6). A similar study was 
initiated with dicumarol since its free fraction in rat serum 


is only about one-fiftieth that of warfarin (7). The results 
of this study and a comparison of the data obtained with 
dicumarol and warfarin are presented here. 


EXPERIMENTAL 


Single 3-ml blood samples were obtained from 40 adult male 
Sprague-Dawley rats, and the serum was separated. 14C-Dicumarol was 
added to yield a concentration of 20 pglml, and the serum free fraction 
of dicumarol was determined by equilibrium dialysis (7). Ten animals 
with widely differing free fraction values were selected for further study. 
Two to 3 weeks later, a two-piece cannula of silicone rubber and poly- 
ethylene was implanted in their right jugular veins under light ether 
anesthesia (8,9). 


One or 2 days after cannulation, the rats were placed in individual 
metabolism cages with food and water freely available. A single dose of 
I4C-dicumarol (specific activity of 61.7 pCi/mg), 8 mg/kg, was injected 
rapidly through the cannula. Blood samples (about 0.22 ml) were obtained 
at 5,10,20,40,60, and 120 min and then at less frequent intervals for a 
period equivalent to about three times the biological half-life of the drug 
in the particular animal. The blood samples were transferred immediately 
to heparinized micro blood collecting tubes', and the plasma was sepa- 
rated by centrifugation. The plasma dicumarol concentration was de- 
termined after selective extraction (10). 


A t  the end of the experiment, a larger quantity of blood was obtained 
for the determination of the free fraction of dicumarol in serum. For this 
purpose, 14C-dicumarol, 20 pg/ml, was added to the serum to yield a total 
concentration of 25-30 pg/ml and two or three serum samples from each 
rat were subjected to equilibrium dialysis (7). 


The plasma dicumarol concentration data for individual animals were 
fitted to the triexponential equation Ct = Pe-wf  + Ae-", + Be-6' for 
plasma concentration C f  at  time t by nonlinear least-squares regression 
(11). Convergence was defined as a relative change in the residual sum 
of squares Data in all functions were weighted numerically equal. 
Volume and clearance values were determined from the constants of the 
triexponential equation (12). 


RESULTS 


Plasma dicumarol concentrations declined exponentially with time 
after injection following an initial distribution phase. Data for the animals 
with the shortest and longest biological half-lives of dicumarol observed 
in this study are shown in Fig. 1. Data of similar quality were obtained 
from the other animals. A triexponential equation was required to de- 
scribe the data; a biexponential equation was not adequate for this pur- 
pose. 


The mean and range of the individual parameter values are listed in 
Table I. The intersubject distribution of the parameter values is shown 
in Fig. 2. The relatively widest range of values was observed with respect 
to A ,  5, and a; the least intersubject variation was found for B. However, 
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with the terminal exponential phase starting at about 4 hr. The free 
fraction, f ,  of dicumarol in the serum of individual animals ranged from 
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+ for plasma concentration C f  at  time t were obtained by nonlinear 
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nificant correlation with f .  These observations indicate that the distri- 
bution kinetics of this very extensively plasma protein-bound drug, as 
reflected by the time course of its plasma concentration after intravenous 
injection, are apparently not affected by intersubject differences in 
plasma protein binding. There is a remarkable similarity in the values 
of P, A, B, T, and a for dicumarol and warfarin, even though the serum 
free fraction of these drugs differs considerably. 


Keyphrases Dicumarol-distribution kinetics, effect of plasma pro- 
tein binding, rats 0 Distribution kinetics-dicumarol, effect of plasma 
protein binding, rats 0 Pharmacokinetics-distribution of dicumarol, 
effect of plasma protein binding, rats 0 Protein binding, plasma-effect 
on distribution kinetics of dicumarol, rats Binding, plasma protein- 
effect on distribution kinetics of dicumarol, rats Anticoagulants- 
dicumarol, distribution kinetics, effect of plasma protein binding, rats 


Serum (or plasma) protein binding can have a pro- 
nounced effect on the kinetics of drug elimination (1,2). 
This effect is particularly striking with respect to the 
elimination of the extensively serum protein-bound anti- 
coagulants warfarin and dicumarol by rats since the serum 
free fraction of these drugs varies over a wide range in these 
animals (3,4). Consistent with theoretical considerations 
(5), the total clearance of warfarin and dicumarol is directly 
proportional to the serum free fraction of these drugs. 


While the role of serum protein binding in drug elimi- 
nation is beginning to be understood (1,2), its effect on the 
kinetics of drug distribution from the blood to extravas- 
cular sites has not yet been elucidated. In a detailed study 
of the effect of serum protein binding on the distribution 
kinetics of warfarin in rats, no apparent relationship was 
found between the serum free fraction of warfarin and the 
pharmacokinetic parameters conventionally used to de- 
scribe the distribution kinetics of a drug on the basis of a 
multiexponential decline of plasma drug concentrations 
after rapid intravenous injection (6). A similar study was 
initiated with dicumarol since its free fraction in rat serum 


is only about one-fiftieth that of warfarin (7). The results 
of this study and a comparison of the data obtained with 
dicumarol and warfarin are presented here. 


EXPERIMENTAL 


Single 3-ml blood samples were obtained from 40 adult male 
Sprague-Dawley rats, and the serum was separated. 14C-Dicumarol was 
added to yield a concentration of 20 pglml, and the serum free fraction 
of dicumarol was determined by equilibrium dialysis (7). Ten animals 
with widely differing free fraction values were selected for further study. 
Two to 3 weeks later, a two-piece cannula of silicone rubber and poly- 
ethylene was implanted in their right jugular veins under light ether 
anesthesia (8,9). 


One or 2 days after cannulation, the rats were placed in individual 
metabolism cages with food and water freely available. A single dose of 
I4C-dicumarol (specific activity of 61.7 pCi/mg), 8 mg/kg, was injected 
rapidly through the cannula. Blood samples (about 0.22 ml) were obtained 
at 5,10,20,40,60, and 120 min and then at less frequent intervals for a 
period equivalent to about three times the biological half-life of the drug 
in the particular animal. The blood samples were transferred immediately 
to heparinized micro blood collecting tubes', and the plasma was sepa- 
rated by centrifugation. The plasma dicumarol concentration was de- 
termined after selective extraction (10). 


A t  the end of the experiment, a larger quantity of blood was obtained 
for the determination of the free fraction of dicumarol in serum. For this 
purpose, 14C-dicumarol, 20 pg/ml, was added to the serum to yield a total 
concentration of 25-30 pg/ml and two or three serum samples from each 
rat were subjected to equilibrium dialysis (7). 


The plasma dicumarol concentration data for individual animals were 
fitted to the triexponential equation Ct = Pe-wf  + Ae-", + Be-6' for 
plasma concentration C f  at  time t by nonlinear least-squares regression 
(11). Convergence was defined as a relative change in the residual sum 
of squares Data in all functions were weighted numerically equal. 
Volume and clearance values were determined from the constants of the 
triexponential equation (12). 


RESULTS 


Plasma dicumarol concentrations declined exponentially with time 
after injection following an initial distribution phase. Data for the animals 
with the shortest and longest biological half-lives of dicumarol observed 
in this study are shown in Fig. 1. Data of similar quality were obtained 
from the other animals. A triexponential equation was required to de- 
scribe the data; a biexponential equation was not adequate for this pur- 
pose. 


The mean and range of the individual parameter values are listed in 
Table I. The intersubject distribution of the parameter values is shown 
in Fig. 2. The relatively widest range of values was observed with respect 
to A ,  5, and a; the least intersubject variation was found for B. However, 
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Table I-Dicumarol Kinetics in 10 Adult Male Sprague-Dawley Rats 


Parameter Mean Range CV of Individual Parameter Estimateb 
P, rg/mla 47.3 31.4-74.4 62.1 f 59.3 
A,  pglml" 29.2 12.3-49.4 47.8 f 46.0 
B ,  pg/mla 49.3 34.4-62.8 4.66 f 1.86 
T ,  hr-l 10.0 3.38-18.8 80.8 f 61.6 
a, hr-l 1.2 0.333-2.16 56.6 f 44.8 
0, hr-l 0.0612 0.0269-0.0923 4.95 f 1.66 


Varea, m l / k  159 125-217 


Total cfearance, ml/hr kg 9.64 3.93-14.5 


V,, ml/kg 65.2 45.2-83.7 


Vinterce t, ml/kg 166 128-233 


a For an 8-mgkg dose. b Mean f SD of coefficient values for individual animals. 
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the estimated values for A, P, a, and T also had very large coefficients of 
variation (Table I). The drug has practically one-compartment charac- 
teristics if judged on the basis of the similarity of V,, and Vjnkrcept. 


The serum free fraction values for dicumarol ranged from 0.000150 to 
0.000790. The relationship between serum free fraction and various 
pharmacokinetic constants is summarized in Table 11. There is no ap- 
parent correlation between the serum free fraction of dicumarol and those 
constants that are thought to reflect (at least in part) the distribution 
kinetics of the drug: P, A, T,  and a. As reported previously (4) and con- 
sistent with theoretical considerations (5), the free fraction values are 
strongly correlated with the total clearance of dicumarol. There is also 
a strong correlation between the free fraction and 0. 


Serum protein binding, as reflected by the serum free fraction values, 
had no apparent effect on the apparent volume of distribution of the 
hypothetical central compartment, V,, for the drug (Table I1 and Fig. 
3). This result is not an artifact of the data-fitting procedure since the 
earliest (5 min) plasma concentrations also showed no apparent rela- 
tionship with the serum free fraction values (Fig. 3). This result is of in- 
terest since a strong, positive correlation between V, and serum free 
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Figure 1-Plasma dicumarol concentrations of two rats after 8 mglkg 
iu of 14C-dicumarol. The curves were fitted to the data by a nonlinear 
least-squares computer program. 
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Figure 2-Intersubject distribution of values for the parameters of the 
trierponential equation that describes the time course of plasma di- 
cumarol concentrations and of values for the free fraction, f, of dicu- 
marol in the serum of 10 rats. 


fraction was found for warfarin in a previous study in which the protocol 
and methodology were almost identical to those of this investigation (6). 
Figure 4 shows the strong negative correlation between the warfarin 
concentrations 5 min after injection and the serum free fraction values 
of warfarin in 14 rats used in the previous study (6). 


DISCUSSION 


The results of this investigation show that serum protein binding, as 
reflected by the serum free fraction values, has no apparent effect on the 
pharmacokinetic parameters of dicumarol conventionally associated with 
the distribution kinetics of a drug: P, A, II, and a for the drug whose 
plasma concentrations decline triexponentially after intravenous injec- 
tion. This conclusion must be viewed in the context that these parameters 
also have the greatest quantitative uncertainty, as reflected by the large 
coefficients of variation. 


Dicumarol differs from warfarin in that serum protein binding has no 
apparent effect on the V,  of the former. The reason for this difference 
is not known. As discussed previously (6), there is no point in converting 
the directly determined pharmacokinetic constants of the triexponential 
equation to compartmental rate constants. Although this exercise was 
carried out as a matter of routine in the data analysis, the results provide 
no significant additional information and are not presented here. 


The free fraction of warfarin is about 50 times larger than that of di- 
cumarol when determined in the same serum samples (7). For both drugs, 
the free fraction value is essentially independent of concentration over 
a wide range (3,4). It is informative, therefore, to compare the magnitude 
of the pharmacokinetic constants for the two drugs in rats. The mean 
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Figure 3-Relationship between the serum free fraction of dicumarol 
and (a) plasma dicumarol concentration 6 min after intravenous in- 
jection (upper panel) and (b) the apparent volume of the hypothetical 
central compartment for dicumarol (lower panel) in 10 rats. 
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Table 11-Correlation between Pharmacokinetic Parameters 
for  Dicumarol and the Serum Free Fraction of Dicumarol in 
10 Rats 


Parameter r Statistical Significance 


P 0.187 N.S. 
A 0.395 N.S. _ _  
B 


B 


a 
a 


V” 


. ... 
0.162 N.S. 


0.132 N.S. 
0.892 p < 0.001 
0.172 N.S. 


-0.615 N.S. ( p  > 0.1) 


. L  


V‘lrekl 0.242 N.S. 
Vinterce t 0.171 N.S. 
Total cfearance 0.831 p < 0.005 


values of these constants are listed in Table 111. Such a comparison cannot 
be rigorous since these data were obtained from different groups of ani- 
mals (note, for example, that the free fraction ratio is about 25 rather than 
50, which would be the expected ratio had the studies been performed 
in the same or in well-matched animals). Despite these limitations and 
the pronounced intersubject differences, the similarity in the mean values 
of all pharmacokinetic parameters2 except @ is striking. It may be that 
the distribution rate of both drugs from the blood to extravascular sites 
is limited by blood flow or diffusion, but this remains to be determined. 
Studies are now in progress with a drug much less extensively bound to 
serum proteins to determine if its distribution kinetics are different from 
those of dicumarol and warfarin. 


Although dicumarol and warfarin have similar pharmacokinetic 
“distribution” parameter values (as shown in this study), almost identical 
total clearance values when determined in the same rats (7), and similar 
equieffective free plasma concentrations in terms of anticoagulant activity 


4 J  


, 
0 0.6 1.2 1.8 2.4 3.0 


FREE FRACTION X 100 


Figure 4-Relationship between the serum free fraction of warfarin 
and plasma warfarin concentration of 14 rats 5 min  after intravenous 
injection of warfarin, 0.51 mglkg (r  = -0.913, p < 0.001). 


2 The serum free fraction value is not considered to be a “pharmacokinetic pa- 
rameter” in the context of this discussion. The molecular weights of dicumarol and 
warfarin are similar so that P, A, and R need not be normalized on a molecular 
weight basis. 


Table 111-Comparison of Mean Values of Pharmacokinetic 
Parameters for  Dicumarol and Warfarin in Rats 


Parameter Dicumarol“ Warfarin* 


P ,  pglml‘ 5.91 9.16 


B,  pg/mlc 6.16 6.04 
a, hr-’ 10.0 6.98 
a, hr-I 1.20 1.03 
0,  br-’ 0.0612 0.0310 
Free fraction in serum X lo4 4.97 123 


A ,  pg/mlc 3.65 3.45 


Results of this study, n = 10. Results of a previous study (6), n = 14. C For a 
1-mgkg dose. 


(7), these two drugs differ considerably in the extent of serum protein 
binding (7). Because of that difference and the similarity of their total 
clearance values, the intrinsic clearance (5) of dicumarol is much higher 
than that of warfarin. These comparisons are based on the “average” 
results of pharmacokinetic studies with racemic warfarin. While there 
are some quantitative differences in elimination kinetics and antico- 
agulant activity of (R)-(+)- and (S)-(-)-warfarin, respectively (13), these 
conclusions apply also when the intrinsic clearance of dicumarol is 
compared to that of the individual enantiomers of warfarin. 
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Progesterone Retention by Rat Uterus I: 
Pharmacokinetics after Uterine Intraluminal Instillation 


SEN M. FANG”, CHING S. LIN, and VICKY LYON 


Abstract Tritium-labeled progesterone was administered to mature 
female rats in the proestrous stage by three different routes, gastric in- 
tubation, subcutaneous injection, and uterine intraluminal instillation, 
to study the kinetics involved in the uptake and retention of radioactivity 
by the uterus and various other tissues. Progesterone was retained at a 
much higher level and for a more prolonged period in the rat uterus after 
uterine intraluminal instillation. Progesterone bioavailability to  the 
uterus was 45 times higher by uterine intraluminal instillation than by 
either gastric intubation or subcutaneous injection. Progesterone ab- 
sorption by the rat  endometrium was extremely fast. The observed bi- 
phasic decrease of radioactivity from the uterine tissue was explained 
adequately by a pharmacokinetic model in which progesterone is assumed 
to be present in two compartments within the uterine tissue. The phar- 
macokinetic parameters showed that the progesterone biological half-life 
in the uterine tissue during the a-phase was about 6.5 min while that in 
the @-phase was about 230 min. 


Keyphrases Progesterone-tissue distribution, different routes of 
administration compared 0 Distribution, tissue-progesterone, different 
routes of administration compared Pharmacokinetics-progesterone, 
tissue distribution, different routes of administration compared Ad- 
ministration routes-uterine intraluminal instillation compared to gastric 
intubation and subcutaneous injection, progesterone tissue distribution 
0 Progestins-progesterone, tissue distribution, different routes of ad- 
ministration compared 


The effectiveness of progestins as contraceptives, with 
or without the addition of estrogens, is well known, as 
witnessed by the successful application of “the pill” and 
“the minipill” in fertility control. The pill, which contains 
combinations of an estrogen and a progestin, exerts its 
effect through ovulation inhibition. With the minipill, 
which contains only progestin and in smaller amounts, the 
exact mechanism involved in the prevention of conception 
is still not clear but does not necessarily require the con- 
comitant inhibition of ovulation. Evidence suggests that 
the site of action is probably the uterus, cervix, or fallopian 
tubes (1). Therefore, progestin may act directly on end 
target tissue to produce a contraceptive effect without the 
necessary participation of, or mediation by, the ovary or 
pituitary glands. If this is the case, the local administration 
of contraceptive progestins to the uterus logically should 
be the route of choice. This route would deliver the drug 
directly to the target tissue, require a much smaller dose 
than oral tablets, and, consequently, minimize undesirable 
feedback controls that are inevitable in systemic admin- 
istrations. 


Contraceptive progestins have been impregnated in 
intrauterine devices to form a sustained-release drug de- 
livery system (2-12). The device1, also called the “Uterine 
Progesterone System,” releases a constant amount of 
progesterone at a controlled rate for many months upon 
placement in the uterine intraluminal cavity. 


The present study was designed to investigate the 
pharmacokinetics involved in the uterine absorption and 
retention of progesterone administered by direct uterine 


’ Progestasert, Alza Corp. 
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intraluminal instillation as well as the relative bioavail- 
ability of progesterone to the rat uterine tissue upon three 
different routes of administration: oral intubation, sub- 
cutaneous injection, and uterine intraluminal instilla- 
tion. 


EXPERIMENTAL 


Reagents and Chemi~als-l,2-~H-Progesterone~ (56 Ci/mmole) was 
purified by TLC before use. Other chemicals were reagent grade. 


Administration of 3H-Progesterone-Mature female Sprague- 
Dawley rats, 180-250 g, were acclimated in an animal room with a 12-hr 
day-12-hr night lighting schedule until their estrous cycles had stabilized 
and resumed regular 4-5-day cycles as determined by vaginal smear cell 
typing. Tritium-labeled progesterone was administered to separate 
groups of female rats in proestrous stages by gastric intubation, subcu- 
taneous injection, or direct uterine intraluminal instillation. 


In oral administration, the rats were fasted overnight for 16 hr and 
3H-progesterone (0.15 pg = 5.26 X lo6 dpm) in 1 ml of 5% ethanol was 
administered by gastric intubation. The same amount of 3H-progesterone 
in 1 mi of 5% ethanol was used in subcutaneous injection. For the uterine 
intraluminal instillation, 3H-progesterone (either 0.015 or 0.15 pg = 8.26 
X lo6 dpm) was dissolved in 40 pl of 5% ethanol and one-half of the so- 
lution (20 pl) was instilled into the luminal cavity of each uterine horn 
through the vaginal route or laparotomy. The solution was placed ap- 
proximately at the midpoint of the uterine horn. Earlier tests with the 
dye solution showed no observable discharge of the injected solution 
through the uterine cervix using this route. Each experimental point was 
obtained from the pooled data of three or four rats. 


Quantification of Radioactivity in Various Tissues-The rats were 
killed by cervical dislocation a t  selected times from 5 min to 16 hr after 
tritium-labeled progesterone administration. Uterus and other tissues, 
i .e.,  liver, brain, diaphragm, muscle, lung, plasma, vaginal wall, and fat, 
were excised, rinsed with Ringer’s solution, and minced with scissors. The 
minced tissue (0.1-0.5 g) was digested with 2 ml of tissue solubilizer3 a t  
55’ for 16 hr. After digestion, 0.5 ml of benzoyl peroxide solution (15% 
in toluene) was added and the mixture was further incubated a t  55’ for 
another 30 min. 


With the exception of the uterine preparation, aliquots of the digested 
tissue solution (0.3-1.5 ml) were taken for the measurement of radioac- 
tivity. For the uterine tissue, 5 ml of scintillation fluor cocktail was added 
following the treatment with benzoyl peroxide solution to dissolve the 
resulting white precipitates. The mixture was shaken, and 1 ml of the 
solution was taken for the estimation of radioactivity. 


T o  the sample to be counted was added 12 ml of toluene-based scin- 
tillation fluor cocktail containing 0.4% (w/v) diphenyloxazole, 0.005% 
(w/v) 1,4-bis[2-(5-phenyloxazolyl)]benzene, 25% (v/v) nonionic surfac- 
tant4, and 5% (v/v) water. This mixture was then maintained a t  4’ for 
a t  least 16 hr in the dark before it was counted in a liquid scintillation 
spectrometer5. The quenching effect was estimated by means of a pre- 
constructed calibration curve plotted using the external standard channel 
ratio uersus counting efficiency. 


RESULTS AND DISCUSSION 


Distribution of Radioactivity in Various Tissues-After the oral 
administration of 0.15 pg of tritium-labeled progesterone, most radio- 
activity was found in the liver throughout the study (Fig. 1). As much as 
40% of the radioactivity administered was in the liver 4 hr after admin- 


2 New England Nuclear, Boston, Mass. 


4 Triton X-100. 
Protosol, New England Nuclear. 


Packard model 3385 Tri-Carh liquid scintillation spectrometer 
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Figure 1-Retention o f  radioactivity by various tissues after t h e  gastric intubation of 3H-progesterone 
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Figure 2-Retention of radioactivity by various tissues after t h e  subcutaneous injection o f  3H-progesterone. 


istration. In comparison, other organs or tissues, such as the uterus, 
muscle, blood, fat, lung, brain, diaphragm, and vaginal wall, retained only 
a fraction of a percent of the administered radioactivity. For instance, 
a maximum of only 0.15% of the total radioactivity administered was in 
the uterus tissue 4 hr after gastric intubation. 


On a concentration basis expressed as disintegrations per minute per 


gram of tissue, however, uterus and vaginal wall tissues retained high 
concentrations of radioactivity for a prolonged period, typical of pro- 
gesterone target tissues (Table I). The liver, however, retained the highest 
concentration of radioactivity expressed on a disintegrations per minute 
per gram of tissue basis. The radioactivity concentration in the liver was 
about 20 times that of the uterus up to 8 hr after administration. 


Table I-Radioactivity Distribution in  R a t  Tissues a f t e r  Gastric Intubation of 3H-Progesterone 


Radioactivitv". dDm/e of Tissue 


Hours Uterus Vaginal Wall Brain Liver Lung Diaphragm Thigh Muscle Fat Blood 
1 5937 f 1312 2652 f 375 1446 f 79 107,063 f 28,997 3388 f 416 1774 f 369 1139 f 221 725 f 90 3630 f 901 
4 11.762 f 1729 19.405 f 2705 2223 f 255 255.913 f 55.401 5227 f 769 3132 f 875 2257 f 727 2057 ?C 308 9000 f 2385 
8 10,158 f 1327 7430 f 1884 2113 f 201 1811916 f 50;085 6148 f 960 2699 f 533 2029 f 351 2265 f 302 6753 f 329 


16 6387 f 727 3644 f 994 2042 f 227 51,499 f 6458 3804 f 575 1656 f 246 1954 f 289 1724 f 361 4460 f 364 


" Total "-progesterone administered = 0.15 Mg= 5.26 X 106 dpm in 1 ml of 5% ethanol. The data pooled from either three or four rats were expressed as mean f ST). 
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Figure 3-Retention of radioactivity by various tissues after the uterine 
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A similar pattern and level of radioactivity distribution in various rat 
tissues were observed when the tritium-labeled progesterone (0.15 pg) 
was administered by subcutaneous injection (Fig. 2 and Table 11). Most 
radioactivity again was found in the liver. Although as much as 7% of the 
total dose was in fat  tissues 60 min after administration, only a fraction 
of a percent of the total dose was in other organs and tissues. 


Tritium-labeled progesterone (0.15 pg) was also administered by direct 
instillation into the luminal cavity of rat  uterine horns through laparot- 
omy. In an earlier attempt, progesterone solution was introduced into 
the uterine luminal cavity by the vaginal route according to the method 
reported by Stone and Martin (13). However, uncertainties always arose 
with this route regarding the definitive placement of the solutions in two 
separate uterine horns of a rat and not twice in the same horn. Further- 
more, the exact point of placement of the solution along the length of the 
uterine horn was also rather difficult to ascertain. Therefore, direct in- 
jection of the progesterone solution into the luminal cavity of the uterine 
horn after laparotomy was preferred. 


20 40 60 .. 


MINUTES 


-. 


MINUTES 


intraluminal instillation o f  3H-progesterone. 


As expected, large amounts of radioactivity were initially found in the 
uterine tissue after uterine intraluminal instillation (Figs. 3 and 4). The 
decrease in uterine radioactivity followed a typical biphasic exponential 
curve: an initial phase of rapid decrease, which lasted for about 30 min, 
followed by a second phase with a much slower rate of decrease. The 
decrease in uterine radioactivity coincided with the increases in liver and 
blood uptake (Fig. 3). The maximum amount of radioactivity in the liver, 
about 55% of the total dose, was reached 50 min after instillation. 


In oral administration, the liver uptake of progesterone did not peak 
until 4 hr after administration. This result indicates that progesterone 
absorption is definitely much faster in the uterus than in the GI tract. 
Although direct comparisons with subcutaneous injection is difficult 
because the studies were done on different time courses, the rate of sys- 
temic availability of progesterone administered by uterine intraluminal 
instillation is probably faster than that after subcutaneous injection. 


As with the other two modes of administration, only a small fraction 
of administered progesterone reached various other tissues after uterine 
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Figure 4-Radioactivity concentrations i n  various tissues after the  uterine intraluminal instillation of 3H-progesterone. 
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Table 11-Radioactivity Distribution in Rat Tissues after Subcutaneous Administration of 3H-Pronesterone 


Radioactivity4, dpm/g of tissue 


Thigh 
Hours Uterus Vaginal Wall Brain Liver Lung Diaphragm Muscle Fat Blood 


0.5 15,646 f 4386 5738 f 688 8684 f 333 283,431 f 53,826 16,105 f 3064 6773 f 912 2774 f 60 5533 f 848 11,837 f 3050 
1 20,455 f 4627 7973 f 2161 7107 f 751 187,986 f 13,686 16,845 f 2696 5011 f 502 2836 f 896 18,900 f 3128 9337 f 1510 
4 7539 f 776 17,920 f 1248 2585 f 154 179,073 f 3830 5111 f 434 2383 f 176 1588 f 35 7619 f 647 8547 f 2184 
8 5591 f 756 3339 f 158 1648 f 196 109,179 f 16,957 3719 f 361 1581 f 153 1545 f 181 4584 f 1026 3753 f 1067 


16 3787 f 707 3877 f 1318 1850 f 284 41.951 f 9443 2367 f 1128 1424 f 10 1314 f 163 2070 f 71 3877 329 


a Total 3H-progesterone administered = 0.16 pg =5.26 X lo6 dpm in 1 ml of 5% ethanol. The data pooled from either three or four rats were expressed as mean f SD. 


intraluminal instillation (Figs. 3 and 4). Substantially higher concen- 
trations of progesterone, however, were detected in most tissues studied 
with this mode of administration than those obtained by the other two 
routes of administration (Tables I and I1 and Fig. 4). Uterine tissue, as 
expected, retained a high concentration of radioactivity for a rather long 
time. Progesterone bioavailability in the uterus, estimated from the area 
under the radioactivity-time curve, was about 45 times higher by uterine 
intraluminal instillation than that obtained by either gastric intubation 
or subcutaneous injection (Figs. 1-3). 


Uterine Absorption of Progesterone Administered by Direct 
Uterine Intraluminal Instillation-The absorption rate of proges- 
terone by uterine tissue was estimated by measuring the radioactivity 
remaining in the luminal cavity at various times after instillation. Uterine 
endometrium absorbed progesterone with great rapidity. At  a dose of 0.15 
pg (in 40 p1 of 5% ethanol solution), essentially all radioactivity (95%) was 
absorbed by the uterine tissue 5 min after instillation. Similar results were 
obtained with a 0.015-pg dose. Therefore, the rat uterine endometrium 
is an extremely efficient tissue for progesterone absorption. Similar re- 
sults in spayed mice were reported (14). 


Pharmacokinetic Analysis of Uterine Retention of Progesterone 
Administered by Uterine Intraluminal Instillation-The amount 
of radioactivity retained by uterine tissue was determined a t  different 
intervals after the instillation of tritium-labeled progesterone into the 
luminal cavity of the uterus. The radioactivity in the uterine tissue fol- 
lowing rapid absorption from the luminal cavity was eliminated in a ki- 
netic pattern closely resembling a biphasic exponential curve (Fig. 5). 
A plausible pharmacokinetic model to describe this phenomenon is shown 
in Scheme I, where [A] is the progesterone in compartment A of the 
uterus, [B]  is the progesterone in compartment B of the uterus, [C] is the 
amount of progesterone excreted out of the uterus, klz is the rate constant 
for A - B ,  kzl is the rate constant for B - A ,  and k,l is the elimination 
rate constant. 


uterus 


m 
I I 
1 k l z l P z l  I 


4 
instantaneous 
absorption 


Scheme I 


The derivation of the pertinent pharmacokinetic parameters is given 
as follows. Let D equal the total amount of progesterone administered 
and v d  equal the apparent volume of distribution. Then: 


dC 
dt 
- = kelA 


Solving for A and B from Eqs. 1-3 yields: 


The total concentration of radioactivity in the uterus, Cut, is: 


[(kei - B)e-ut + (a  - kel)e-ot] A + B  D c --= 
v d  vd(a-f l ) j  


ut - 
Let  


and: 


(Eq. 10) 


Then: 


Cut = mle-nt + mze-ot (Eq. 12) 


where ml,  m2, at and B are obtained from graphical analysis of experi- 
mental data plotted as log Cut uersus t a n d  


(Eq. 13) 


klz = a + 0 - k z l  - kel (Eq. 15) 


This psrticular model is established with the following assumptions 
and/or approximations: 


1. Progesterone is absorbed so rapidly by uterine tissue upon intra- 
luminal instillation that absorption is assumed, for practical purposes, 
as instantaneous. 


2. Upon reaching uterine tissue, progesterone is quickly redistributed 
into other parts of the body in a first-order kinetic rate with a rate con- 
stant of kel, while a simultaneous process also takes place within uterine 
tissue where progesterone molecules diffuse to a deep compartment 
within the uterine cell. Progesterone redistribution within the uterine 
tissue is a reversible process with a forward rate constant of k l z  and a 
reverse rate constant of kzl. 


3. The nonpolar and conjugated metabolites of progesterone in the 
uterus are all treated as progesterone in this model. This treatment is 
based on the fact that most nonpolar metabolites are also known pro- 
gestins, while the conjugates, since they form a reversible equilibration 
with nonconjugated moieties within the uterine tissue, should be con- 
sidered equally active physiologically. Since progesterone is proposed 
to act directly on uterine tissue to cause contraception, for the collective 
quantitative assessment of the steroid action in uterine tissue, one should 
pool all these metabolites to achieve a better approximation. 


4. Since progesterone is eliminated out of the body not directly uia the 
uterus, the reversible influx of progesterone from blood to the uterus is 
likely to be insignificant. Therefore, the process was omitted for simpli- 
fication. 


The values for 0, ml ,  a, and m2 were obtained by feathering analysis 
of the plot of log disintegrations per minute per gram of tissue uersus 
time. The values for kel, klz, and k21 are 0.110,8.27 X and 3.09 X 
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Figure 5-Pharmacokinetic analysis of the  uterine retention of ra- 
dioactivity after the uterine intraluminal instillation of 3H-progesterone 
(0.15 pg = 8.26 X lo6 dpm) .  Key: CZ, straight line obtained from the  
8-phase decay; C1, straight tine obtained by “feathering method”; and 
solid biphasic line, computer-predicted value for Cut (Eq. 22) based on 
the obtained pharmacokinetic parameters. The  experimental values 
are presented as mean f SD. 


min-I, respectively. The computer plot of Eq. 12 is shown in Fig. 
5. Except for a few points in the inflection area, the experimental values 
fit reasonably well with the computer-predicted values derived from the 
proposed pharmacokinetic model. This model is definitely oversimplified 
and should not be used to argue the definitive mechanisms involved in 
the uterine retention of progesterone. The constant obtained from k&21 
is a complex value probably contributed by various mixed factors such 
as progesterone binding to various subcellular components or the het- 
erogeneous distribution of progesterone between the intracellular and 
interstitial fluids of the uterine tissue. 


Based on these kinetic model analyses, the slope in the a-phase ap- 
proximates k,l while the slope in the 8-phase approximates the disso- 
ciation constant k21. This result connotes a different physiological sig- 
nificance than the two-compartment open model analysis commonly used 
in describing drug disappearance from blood where the slope in the p- 
phase approximates the k,l value. Based on the values of k,l and k21, the 
progesterone biological half-life in the uterine tissue was calculated to 


be 6.5 min in the a-phase and 230 min in the &phase. In comparison, the 
progesterone biological half-life in rat peripheral serum was reported to 
be 18 min in the 8-phase (15), which is much shorter than that in the 
uterus. This result further substantiates the earlier hypothesis that the 
reverse influx of progesterone from blood to uterus is likely to be insig- 
nificant in uterine intraluminal instillation. 


To investigate the consequences of the application of a “Uterine Pro- 
gesterone System,” further studies should simulate constant uterine 
administration of progesterone until a steady state is reached. Proges- 
terone distribution in uterus and various other tissues should then be 
assessed to compare the relative amount of progesterone that may exist 
in the uterus against other parts of the body. Since progesterone is likely 
to exert the contraceptive effect locally on uterine tissue, the ideal steady 
state after drug administration should exhibit a large amount of drug in 
the uterus and negligible amounts in other parts of the body. Further- 
more, the extent of the uterine retention of progesterone in the steady 
state assessed by the actual experimental measurement should be com- 
pared to the predicted value based on the pharmacokinetic parameters 
obtained in this study, These and other studies pertinent to the use of 
the “Uterine Progesterone System” will be published in subsequent 
papers. 
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High-Performance Liquid Chromatographic Analysis of 
Methadone Hydrochloride Oral Solution 


THOMAS H. BEASLEY, Sr., and HOWARD W. ZIEGLER" 


Abstract 0 A direct and rapid high-performance liquid chromatographic 
assay for methadone hydrochloride in a flavored oral solution dosage form 
is described. A syrup sample, one part diluted with three parts of water, 
is introduced onto a column packed with octadecylsilane bonded on 
10-pm porous silica gel (reversed phase). A formic acid-ammonium for- 
mate-buffered mobile phase is linear programmed with acetonitrile. The 
absorbance is monitored continuously at  280 or 254 nm, using a flow- 
through, UV, double-beam photometer. An aqueous methadone hydro- 
chloride solution is used for external standardization. The relative 
standard deviation was not more than 1.0%. Drug recovery from a syrup 
base was better than 99.8%. 


Keyphrases 0 Methadone hydrochloride-high-performance liquid 
chromatographic analysis, liquid pharmaceutical preparation High- 
performance liquid chromatography-analysis, methadone hydrochloride 
in liquid pharmsceutical preparation Narcotic analgesics-methadone 
hydrochloride, high-performance liquid chromatographic analysis in 
liquid pharmaceutical preparation 


Methadone hydrochloride is used widely in drug main- 
tenance treatment programs. Although tablet and injection 
formulas are available, the preferred dosage form is a fla- 
vored oral solution. A rapid and simple analysis of meth- 
adone hydrochloride in a proprietary dosage form' was 
sought. The USP GLC method for methadone hydro- 
chloride injection and tablets (1) is cumbersome and 
lengthy and often lacks precision. Also, the GLC column 
can become overloaded with thermal decomposition 
products readily. 


The British Pharmacopoeia specifies an extraction-acid 
titration procedure for methadone injection and tablets 
(2). A simplified gravimetric method for methadone hy- 
drochloride in flavored syrup formulations was described 
(3). The alkaloid was precipitated as the phosphomo- 
lybdate complex and weighed. Choulis and Papadopoulous 
(4) developed a GLC assay of methadone in sustained- 
release tablets after dissolving the drug with dissolution 
fluids used for in uitro evaluation. Most methadone hy- 
drochloride assays are trace methods after extraction of 
the drug from human urine, blood, or serum. 


Some advantages of reversed-phase high-performance 
liquid chromatography (HPLC) are: (a) aqueous samples 
can be diluted and chromatographed without extraction, 
concentration, or derivatization; ( b )  samples can be run 
at ambient temperature; ( c )  analyses can be completed in 
about 20 min; and ( d )  a formulation can be analyzed for 
preservative, flavor, or another drug if present. 


EXPERIMENTAL 


Apparatus-A modular liquid chromatograph equipped with 280- and 
254-nm UV detectors2 was used along with a 10-mv recorder, a piston 
pump3, suitable pulse dampening, a stainless steel sampling valve4, a 


~ ~ ~ 


1 Methadose, Mallinckrodt, St. Louis, Mo. 
2 Model 151, Altex, Berkeley, Calif. 
3 Model 3366-460, Glenco, Houston, Tex. 
4 Valco CV6-UHPa-N60, 7000 psi, Glenco, Houston, Tex. 


Table I-Replicate Assay Results from a Production Lot of a Pro- 
prietary Methadone Hydrochloride Oral Solution 


Methadone Hvdrochloride. mdml 
SamDle" I 2 R 


A 10.01 10.14 10.07 
B 10.05 10.23 10.15 
C 10.14 10.10 10.06 
D 10.12 10.14 10.07 
E 10.20 10.09 10.09 


Statistically sampled from the lot. Each individual sample run using triplicate 
sample injections. 


pressure gauge, valves, tubing, and fittings necessary to complete a closed 
system. 


The stainless steel column was 3.2 X 250 mm, slurry packed with oc- 
tadecylsilane bonded on 10-pm porous silica gel5. A stainless steel pre- 
column, 3.2 X 75 mm, containing porous silica coated with a monomole- 
cular layer of octadecylsilane6 (37 gm, nominal particle size) was placed 
in the HPLC system ahead of the sample injection valve. 


The gradient elution cell consisted of a 25-ml glass bulb with fittings 
compatible with the instrument. The gradient cell and valving were de- 
scribed previously (5). 


Reagents-Mobile Phase A-Distilled formic acid, 100 ml, and 1000 
ml of water were transferred to a 2-liter flask or vessel and mixed. After 
2.5 ml of concentrated ammonium hydroxide was added, the solution was 
diluted to 2000 ml with water and mixed. 


Mobile Phase B-Spectrophotometric grade acetonitrile7, which shows 
little or no absorbance in the UV from 220 to 350 nm, was used. 


Gradient Elution-A programmed linear gradient elution from 100% 
Mobile Phase A to 80% Mobile Phase B in Mobile Phase A in about 20 
min was used. 


Chromatographic Conditions-The column temperature was am- 
bient. The electrometer was set a t  0.32 absorbance unit full scale (aufs) 
with a recorder chart speed of 5.08 mm/min. The flow rate was 2 ml/min, 
and column pressure was about 1500 psi. The volume of the sample and 
standard sample introduced onto the column was 50 pl. Water, pumped 
through the system, was used to rinse the sugars, etc., from the column. 
Mobile Phase A can be stored in the system. 


Methadone Hydrochloride Standard Solutions-Stock-Metha- 
done hydrochloride USPs was used as the working standard. Approxi- 
mately 1.0 g of the standard was accurately weighed, transferred to a 
100-ml volumetric flask, and dissolved in and diluted to volume with 
water. 


Diluted-A 25.0-ml aliquot of stock methadone hydrochloride stan- 
dard solution was transferred to a 100-ml volumetric flask and diluted 
to volume with water. This solution contained 2.5 mg/ml of standard. 


Both solutions were freshly prepared. 
Sample Preparation-Water, 75 ml, was transferred to a dry 100-ml 


volumetric flask. The sample syrup formulation, delivered from a 30-ml 
syringe fitted with a long needle, was used to dilute to the mark. Then 
the solution was mixed thoroughly. 


Analysis-Aliquots of 50 pl of diluted sample solution were injected 
into a prepared chromatograph operated at  the designated flow rate of 
Mobile Phase A. The gradient system and recorder were started; the run 
was 20 min. Reequilibration to Mobile Phase A required about 10 min. 
Diluted standard solution, 50 p l ,  was injected under the same conditions 
used for the sample. Replicate sample and standard solutions were gen- 
erally run to test for system stability. 


5 LiChrosorh S160, reversed phase, 10 gm, Altex (5-pm material may also he 


6 Cl8 reversed phase, Waters Associates, Milford, Mass. 
7 SpectrAR, Mallinckrodt, St. Louis, Mo. 
8 Mallinckrodt, St. Louis, Mo. 


used). 
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Figure 1-Typical chromatogram of a proprietary methadone hydro- 
chloride oral solution. Key: I ,  solvent front; 2, preservative (sodium 
benzoate); 3 and 4, flavor components; 5, methadone hydrochloride; and 
6, dye. 


MINUTES 


Calculations-Peak areas were measured by electronic methods, and 
peak heights were measured manually. The methadone hydrochloride 
concentration was calculated using: 


where A1 is the average area of peaks from the diluted sample solution, 
A2 is the average area of peaks from the diluted standard solution, H I  
is the average height of peaks from the diluted sample solution, HP is the 
average height of peaks from the diluted standard solution, C is the 
concentration in milligrams per milliliter of methadone hydrochloride 
in the diluted standard solution, and 4 is the dilution factor. 


RESULTS AND DISCUSSION 


A typical chromatogram of a diluted sample of a proprietary metha- 
done hydrochloride oral solution is shown in Fig. 1. Diluted methadone 
hydrochloride standard solution is displayed in the chromatogram in Fig. 
2. The standard solution is unstable and must be freshly prepared and 
diluted for each analysis. About 1 mg of sodium benzoatelml can be added 
to the solutions to stabilize the standards for a t  least 1 month if it is 
necessary to retain them. 


No chromatographic interference is encountered with the preservative. 
Some laboratory distilled water contains trace impurities that display 
varying chromatographic baselines. For this reason, both the sample 


Table 11-Recovery of Methadone Hydrochloride from Synthetic 
Formulation SvruD Base 


Methadone Hydrochloride Added, mglml 


4.96 9.78 14.96 


Recov- Recov- Recov- Recov- Recov- Recov- 
ered, mg ered, % ered, mg ered, % ered, mg ered, % 


5.16 104.0 9.85 100.7 14.93 99.8 
5.01 101.0 9.82 100.4 14.98 100.1 
5.05 101.8 9.77 99.9 14.90 99.6 
4.98 100.4 9.67 98.9 14.97 100.1 
- - 9.68 99.0 14.96 100.0 
- - 9.78 100.0 14.91 99.7 
- - 9.76 99.8 - - 


I I I 1 -7 
0 5 10 15 20 


MINUTES 


Figure %-Chromatogram of a n  aqueous methadone hydrochloride 
reference material solution (50 p1 of a 2.5-mglml solution). Key: 1 ,  sol- 
vent front; and, 5, methadone hydrochloride. 


syrup and stock standard solution aliquots should be diluted with iden- 
tical amounts of the same water before chromatographic analysis. 
The rather unconventional reverse technique of using sample syrup 
as the volumetric diluent was selected because the formulation is very 
viscous. More precise sample measurements were made using this pro- 
cedure. 


HPLC results of replicate analyses are displayed in Table I. The rel- 
ative standard deviation was not more than 1.0%. Recovery data of 
weighed amounts of methadone hydrochloride added to laboratory 
prepared formulation base are shown in Table 11. The average recovery 
was not less than 99.8%. In no case could it be proven statistically, at the 
95% confidence level, that the recovery was different from 100%. All data 
were calculated by an on-line computerg that calculates from integrated 
areas. With the computer interface, chromatographic analysis time can 
be cut in half. The procedure recommended allows for manual compu- 
tations using either peak area or peak height. 


HPLC parameters require that methadone hydrochloride be chro- 
matographed as the protonated amine in an acid system. Methadone 
hydrochloride in an acidified mobile phase attacks some types of stainless 
steel, necessitating the use of chloride-resistant types. Stainless steel No. 
304 or 316 cannot be used. 


The formic acid used for Mobile Phase A had to be distilled to remove 
UV absorbers, which are apparently leached from the plastic containers 
in which the acid is supplied. 


The method described is a unique application of direct chromatogra- 
phy of a sample with little or no sample preparation, extraction, order- 
ivatization. The technique may be applicable to other aqueous dosage 
forms such as cough-cold preparations. 
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Prednisolone Bioavailability in the Dog 


FRANCIS L. S. TSE and PETER G, WELLINGX 


Abstract With a fasted dog as an animal model, the bioavailability 
and pharmacokinetics of prednisolone were studied following rapid in- 
travenous injection and oral dosing of a prednisolone sodium phosphate 
solution and also following oral doses of prednisolone as tablets and a 
slurry. Hydrolysis of the phosphate ester to prednisolone in the body is 
extremely rapid and complete, thus permitting accurate calculation of 
the distribution volume of prednisolone. Enteral absorption of prednis- 
olone from a slurry is superior to that. from prednisolone tablets and from 
a prednisolone sodium phosphate solution. Reduced absorption from 
tablets, compared to the slurry, is probably due to tablet disintegration 
characteristics; reduced absorption from the solution is probably due to 
poor membrane permeability of the ionized drug. Information obtained 
from a single animal may indicate the need for expanded studies in hu- 
mans. 


Keyphrases Prednisolone-bioavailability and pharmacokinetics, 
various dosage forms compared, dogs 0 Bioavailability-prednisolone, 
various dosage forms compared, dogs 0 Pharmacokinetics-predniso- 
lone, various dosage forms compared, dogs Glucocorticoids-pred- 
nisolone, bioavailability and pharmacokinetics, various dosage forms 
compared, dogs 


Prednisolone is used primarily for its anti-inflammatory 
activity in several diseases. It is cleared from the body 
predominantly by hepatic metabolism; only about 10% of 
orally dosed compound is excreted unchanged in urine 
(1). 


Peak serum prednisolone concentrations of 160 ng/ml 
at 0.5 hr and 298 ng/ml at  1 hr were reported following 2.5- 
and 5.0-mg oral doses of prednisolone, respectively, to male 
beagle dogs (2). Studies in humans yielded peak serum 
prednisolone levels at  1-2 hr following oral doses and a 
serum half-life of about 3 hr (3-8). 


Although the influence of in uitro disintegration and 
dissolution characteristics on prednisolone pharmacoki- 
netics was reported (5-49, no information is available on 
the effect of the dosage form on bioavailability charac- 
teristics. 


With the beagle dog as a model system, the present 
study was undertaken to compare the bioavailability and 
pharmacokinetics of prednisolone from two different doses 
of a commercial tablet, a slurry, and a solution of a water- 
soluble prednisolone salt. 


EXPERIMENTAL 


A 3-year-old male beagle dog, 17.5 kg, was given 30- and 60-mg doses 
of prednisolone tablets' (oral), oral prednisolone slurry', and oral and 
intravenous prednisolone sodium phosphate solution2 in separate ex- 
periments. All experiments were done in duplicate. 


1 Meticortelone, Schering Corp., Bloomfield, N.J. 
2 Hydeltrasol, Merck Sharp and Dohme, West Point, Pa. 


Food was withheld at least 12 hr before and throughout each experi- 
ment. During an experiment, the dog was placed in a restraining appa- 
ratus so that it could stand normally but could not disturb indwelling 
catheters . 


In the intravenous dosing experiments, an infusion set was positioned 
in each front leg. Each set consisted of a 19-gauge needle with 30 cm of 
flexible plastic tubing with a total volume of 0.6 ml. Clotting of blood in 
infusion sets was prevented by infusing 2 ml of saline-diluted heparin 
sodium solution (10 units/ml) into the set each hour it was in position. 
Prednisolone sodium phosphate was administered uia one infusion set, 
with injection being completed in about 30 sec. The set was flushed with 
10 ml of normal saline solution and was then removed. 


Blood samples (8 ml) were collected through the other infusion set 
shortly before dosing and at 5,15, and 30 min and 1,2,4, and 6 hr after 
dosing. Before each sample was taken, 5 ml of residual fluid was with- 
drawn to remove the heparin solution in the infusion set. The blood 
sample was then drawn, and the volume was replaced by an 8-ml injection 
of normal saline. The residual fluid was reinjected followed by 2 ml of 
heparin solution. 


Tablets were administered by placing them on the posterior portion 
of the tongue so that they were not fractured or chewed before being 
swallowed; then 50 ml of water was immediately given. The slurry was 
prepared by triturating prednisolone tablets to a powder and dispersing 
this powder in 50 ml of water. The slurry was administered directly into 
the dog's stomach by means of a 120-cm X 3-mm (i.d.) stodach tube. 
Water, 25 ml, was used to flush residual drug from the syringe and 
stomach tube into the stomach. The oral solution was administered di- 
rectly into the stomach in identical fashion to the slurry. With all oral 
dosing experiments, blood samples were collected uia an infusion set as 
in the intravenous case. 


Blood samples were placed in heparinized tubes3 and centrifuged at 
2300 rpm for 10 min. Plasma was removed and frozen until analyzed, 
usually within 1 week. 


Experiments were performed 3 weeks apart to avoid changes in drug 
pharmacokinetic parameters due to prior exposure and to ensure com- 
plete drug washout from a previous dose. 


Assay of Plasma Samples-The assay used to measure prednisolone 
in plasma was a modification of the GLC method described by Bacon and 
Kokenakes (9). In the purification step by column chromatography, the 
volume of the first eluting solvent [benzene-acetone (9:1)] was reduced 
from 70 to 30 ml and the volume of the second eluting solvent [benzene- 
acetone (1:3)] was increased from 20 to 30 ml. This change improved 
separation of prednisolone from other plasma components4. 


A solution containing the silylating agent5 was prepared by combining 
0.3 ml of pyridine, 37 pl of dotriacontane (as the internal standard) in 
carbon tetrachloride (0.95 pg/pl), and 0.5 ml of the silylating agent. A 20-pl 
aliquot of this solution was added to the extracted and purified pred- 
nisolone sample in a 1-ml vial6. This vial was immediately sealed with 
a polytef-lined cap, agitated on a vortex-type mixer, and allowed to stand 
at  room temperature for 18 hr before assay. 


GLC was carried out on an instrument' fitted with dual flame-ion- 
ization detectors. The column was a 1.8-m X 2-mm (i.d.) U-shaped glass 


3 Vacutainer, Becton-Dickinson, Rutherford, N.J. 
4 G. E. Bacon, University of Michigan Medical Center, Ann Arbor, Mich., personal 


5 Tri-Sil TBT, Pierce Chemical Co., Rockford, Ill. 
6 Reacti-vial, Pierce Chemical Co., Rockford, 111. 
7 Nuclear Chicago Selecta System model 5000, Searle, Des Plaines, Ill. 


communication. 
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infusion sets was prevented by infusing 2 ml of saline-diluted heparin 
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Blood samples (8 ml) were collected through the other infusion set 
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drawn to remove the heparin solution in the infusion set. The blood 
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Assay of Plasma Samples-The assay used to measure prednisolone 
in plasma was a modification of the GLC method described by Bacon and 
Kokenakes (9). In the purification step by column chromatography, the 
volume of the first eluting solvent [benzene-acetone (9:1)] was reduced 
from 70 to 30 ml and the volume of the second eluting solvent [benzene- 
acetone (1:3)] was increased from 20 to 30 ml. This change improved 
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Figure 1-Plasma prednisolone leuels after doses of 30-mgprednisolone 
tablets (curue 4 )  and slurry (curue 3)  and 24.7 mg of prednisolone as a 
prednisolone sodium phosphate oral (curue 2 )  and intrauenous (curue 
I )  solution. 


tube packed with 3% OV-1 on 60-80-mesh Gas Chrom Q. The column was 
conditioned a t  275" initially for 48 hr and then overnight after each day 
of sample analysis. The electrometer was set at a range of amp, and 
the attenuator was set a t  32 to give full-scale recorder deflection from an 
input signal of 3.2 X lo-" amp. 


Gas flow rates were 20,25, and 200 ml/min for nitrogen, hydrogen, and 
air, respectively. The chromatograph was operated in the single-column 
mode at an isothermal column temperature of 245' with the detector bath 
a t  300' and the injector port a t  275'. Aliquots of 1 pl of solution were 
injected. Retention times were 341 sec for dotriacontane and 412 sec for 
prednisolone trimethylsilyl derivative. 


Recovery of prednisolone from plasma was 68.8 f 2.2 (SD)  % ( n  = 20). 
A linear regression of peak area ratios of the prednisolone trimethylsilyl 
derivative to dotriacontane uersus plasma prednisolone levels of 0.3-4.0 
rglrnl was described by the equation y = 1 . 6 7 ~  - 0.01 with r = 1.00. 


Interpretation of Data-Semilogarithmic plots of prednisolone 
plasma concentrations uersus time after intravenous doses were linear 
throughout the sampling period. It was, therefore, considered appropriate 
to analyze all data in terms of the pharmacokinetic one-compartment 
open model with first-order absorption and elimination. Prednisolone 
previously was shown to obey these types of kinetics following oral doses 
of prednisone tablets in humans (7). 


Intravenous data were analyzed by linear regression, and oral data were 
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Figure 2-Plasma prednisolone leuels after doses of 60-rngprednisolone 
tablets (curue 4 )  and slurry (curue 3)  and 49.3 rng ofprednisolone as a 
prednisolone sodium phosphate oral (curtie 2) and intravenous (curue 
1 )  solution. 


analyzed on a digital computer following graphical analysis. The equation 
and symbolism pertaining to the one-compartment model and the 
method of computer analysis were described previously (10). 


Pharmaeokinetic parameters obtained from the three oral dosage forms 
were compared using the Student t test. 


RESULTS 


Average plasma prednisolone levels for the 30- and 60-mg doses are 
shown in Figs. 1 and 2. Results of pharmacokinetic and statistical analyses 
are presented in Tables 1-111. 


Individual plasma level-time curves making up the pair from each 
treatment were very similar, as indicated by the values of the phar- 
macokinetic parameters in the tables. Peak plasma prednisolone levels 
were obtained immediately following intravenous doses of prednisolone 
sodium phosphate, indicating rapid hydrolysis of the phosphate ester 
to prednisolone. The prednisolone elimination rate after the 60-mg in- 
jection was slower than after the 30-mg injection but was similar to that 
observed following oral doses (Tables I and 11). The rapid elimination 
observed following the 30-mg doses is not clearly understood but was 
reproducible. 


The primary objective of the intravenous doses was to obtain an ac- 
curate description of the prednisolone distribution space in the body; 


Table I-Prednisolone Pharmacokinetic Parameters  a f t e r  a 30-mgn Dose to  a Dog 


Intravenous 
Solution Oral Solution Slurry Tablet 


Parameter Run 1 Run 2 Run 1 Run 2 Run 1 Run2  R u n l b  Run 2 


k, hr-' 


t l l 2  (absorbance), hr 
K ,  hr-I 


t l l z  (elimination), hr 
FDIVf, pg/ml 


V ,  liter 
to ,  hr 


r2 
r 
F g  
Total bod clearance ( V K ) ,  ml/min 
Area (FDYVK), pg hr/ml 
Area (trapezoidal), pg hr/ml 
C,,,', d m l  
tm&. hr 


c - 


- 


2.7 


0.26 
2.0 


12.58 
- 


- 
- 


1 
560 


0.73 
- 
- 
- 


- 


- 


2.0 


0.34 
2.1 


12.03 
- 


- 
- 
1 


409 
1 .o 
- 
- 
- 


4.1 
(2.6-5.5)d 
0.17 
0.41 


(0.32-0.50) 
1.7 
1.0 


(0.92-1.2) 


0.18 
(0.15-0.21) 
0.998 
0.996 
0.51 
82 
2.5(3.1)h 
2.6(3.2) 
0.80(0.97) 
0.81 


- 


4.2 
(2.8-5.6) 
0.16 
0.37 


(0.30-0.45) 
1.9 
1.0 


(0.91-1.1) 


0.18 
(0.15-0.21) 
0.998 
0.997 
0.48 
74 
2.7(3.3) 
2.7(3.3) 
0.79(0.96) 
0.81 


- 


1.8 


0.38 
(1.6-2.1) 


0.62 
(0.56-0.69) 
1.1 
2.2 


(2.0-2.4) 


0.39 
(0.38-0.40) 
0.999 
0.999 
0.87 
124 
3.5 
3.4 
1.3 
1.3 


1.7 
(0.74-2.6) 
0.42 
0.73e 


0.95 
2.9 


(2.4-3.4) 


0.15 
(0.05-0.26) 
0.985 
0.978 
1.16 
146 
4.0 
3.8 
1.5 
1.0 


- 


3.2 


0.22 
0.63 


1.1 
1.4 


- 


0.75 


- 
- 


0.58 


2.3 
1.6 


126 


- 
- 


4.5 


0.15 
(4.5-4.6) 


0.85 
(0.84-0.85) 
0.82 
1.2 


(1.21-1.23) 


1.0 


1 .oo 
1 .oo 
0.49 
169 
1.5 
1.5 
0.83 
1.5 


- 


. 


a For intravenous and oral solutions, 30 mg of prednisolone sodium phosphate is equivalent to 24.66 mg of prednisolone. * Initial graphical estimates. c Not relevant. 
d The 95% confidence interval. Parameter fixed during computer analysis. f For intravenous study, F = 1. g Based on V = 12 liters from intravenous data. * Equivalent 
value after a 30-mg dose of prednisolone, obtained by (calculated value X 30/24.66). ' Cmax = (FD/V)(k /K)K/ 'K-k' .  t,,, = In ( k / K ) / ( k  - K )  + to. 
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Table 11-Prednisolone Pharmacokinetic Parameters  a f t e r  a 60-mgn Dose to a Dog 


Intravenous 
So 1 u t i o n Oral Solution Slurrv Tablet 


Parameter Run1  Run2  Run 1 Run 2 Run 1 Run2  R u n l b  Run2b 


k ,  hr-I - - 5.5 2.4 1.1 1.7 1.5 0.90 
(-7.9-19) (1.2-3.6) (0.7-1.5) (1.2-2.1 ) 


t 1/2 (absorbance), hr 
K .  hr-' 


- - 0.13 0.29 0.62 0.42 0.47 0.77 
0.79 0 89 0.71 0.72 0.56e 0.73c 0.66 0.82 


(0.37- 1.05) (0.50-0.93) 
t 112 (elimination), hr 0.88 0.78 0.98 0.96 1.2 1 .o 1.1 0.85 
FDIV,  pg/ml 4.1 4.4 2.3 2.7 3.8 4.4 3.3 0.89 


V ,  liters 12.09 11.29 - - - - - - 
- - 0.00 0.03 0.02 0.07 0.67 0.00 to, hr 


r2 - - 0.997 0.999 0.996 0.993 - - 
r - - 0.997 0.999 0.992 0.989 - - 


F 1 1 0.55 
Total body clearance ( V K ) ,  ml/min 159 167 142 144 112 146 132 164 


Area (tra ezoidal), p g  hr/ml - - 3.1(3.8) 3.8(4.7) 6.5 5.9 3.8 4.6 


(1.1-3.4) (2.0-3.3) (3.4-4.3) (4.0-4.8) 


(-0.49-0.49) (-0.05-0.11) (-0.10-0.13) (-0.10-0.16) 


0.67 0.77 0.88 0.66 0.18 


Area ( F D I V K ) ,  pg hrIml 5.2 4.9 3.2(3.9)d 3.8(4.6) 6.8 6.0 5.0 1.1 


t,,,, hr 
- - - - 1.7(2.0) 1.6(2.0) 1.9 2.3 


- - 0.43 0.75 1.3 0.95 - - 
C,,,, fig P ml 


a For intravenous and oral solutions, 60 mg of prednisolone sodium phosphate is equivalent to 49.33 mg of prednisolone. Initial graphical estimates. Parameter fixed 
during computer analysis. Equivalent value after a 60-mg dose of prednisolone obtained by (calculated value X 60/49.33). 


volumes calculated from the zero-time intercepts of semilogarithmic 
plasma level-time plots were virtually identical for the four doses. The 
mean distribution volume was 12 liters, or 69%of total body volume, and 
was approximately equal to total body water. This volume was used to 
calculate the absolute prednisolone bioavailability in the oral experi- 
ments. 


Average plasma level-time curves from oral doses showed that the 
slurry produced higher plasma prednisolone levels than other dosage 
forms following the 30-mg dose while both the slurry and tablets produced 
higher prednisolone levels than the solution following the 60-mg dose. 
The solution, however, tended to yield peak prednisolone levels somewhat 
earlier than the slurry and tablet doses. 


In three slurry dosing experiments, computer pharmacokinetic analysis 
was unsatisfactory when initial graphical parameter estimates of the 
first-order absorption and elimination rate constants, k and K ,  respec- 
tively, and FDIV were allowed to float during the nonlinear fitting pro- 
cess. In each case, the computer generated similar values for K and k .  This 
result can he explained in terms of the nature of the equation for the 
one-compartment open model: 


(Eq. 1 )  


When K and k approach a common value, ( F D / V ) [ k I ( k  - K ) ]  becomes 
a large number while (,--Kt - ckf) attains a diminishing value. Owing 
to the long word length used by the digital computer, the product of these 
two expressions becomes a very flexible term for fitting the plasma 
level-time data. However, meaningless values of k and K are generated 
in the process. 


A similar phenomenon during two-compartment model analysis was 
reported previously (11,12). To avoid this artifact, the elimination rate 
constant, K ,  was fixed at  its graphically estimated value during the 
computer fitting. This step may he justified by the high dependability 
of this rate constant, compared to k and FDIV, during graphical analy- 
sis. 


In three out of four plasma data sets from tablet doses, the computer 
prolonged the absorption lag time, to,  and increased k to an unrealistically 


high value to fit the data to  the model. Consequently, it was necessary 
to use initial graphical estimates of pharmacokinetic values instead of 
computer estimates in these cases. Because of the uncertainty of the ki- 
netics associated with the absorption phase of these data, C,,, and t,,, 
were not calculated. In experiments where computer fitting was suc- 
cessful, r2 and r values approached +1.0, indicating excellent agreement 
between the data and the proposed model. 


Comparisons between Dose Levels-There were no apparent dif- 
ferences between k values from 30- and 60-mg doses in the solution and 
slurry experiments. Dose dependency of this rate constant was observed 
in the tablet experiments, hut this result may have been due to poor de- 
scription of the data by the model. Similarly, although the K values ob- 
tained from the oral solution experiments appeared higher for the 60- 
than for the 30-mg dose, they were almost identical for the two dose levels 
in the slurry and tablet experiments. This result is also true for the total 
body clearance, V K ,  since a constant distribution volume (12 liters) was 
used to calculate this parameter. In addition, F values for the two dose 
levels were virtually identical for each dosage form. 


With the exception of one 60-mg tablet experiment, all areas under 
plasma level-time curves calculated from FDIVK were similar to those 
obtained using the trapezoidal rule. With the tablet and slurry doses, area 
values from the 60-mg dose were approximately double those from the 
30-mg dose. With the solution doses, however, the 60 to 30-mg area ratios 
were somewhat less than 2. 


The value of C,,,, where calculated, was approximately twice as high 
from 60-mg doses than from 30-mg doses. 


Comparisons between Dosage Forms-Since similar pharmacoki- 
netic parameter values were obtained from the two dose levels (with the 
exception of K values from solution doses), parameters from the four 
experiments of each dosage form were combined for statistical compar- 
ison. The results (Table 111) show that, of the three dosage forms studied, 
greatest absorption efficiency was obtained from the slurry. Areas under 
plasma level-time curves, normalized by dividing by the dose in pred- 
nisolone equivalents, were also larger from the slurry compared to the 
other treatments, hut differences were significant only between the slurry 
and tablet treatments. No significant differences were observed in 


Table 111-Average Values and Results of Statistical Analysis of Pharmacokinetic Parameters  for Oral  Prednisolone Doses in the Dog 


Average Valueu 
- Parameter Solution (1) Slurry (2) Tablet (3)  t Testb 


F 
k ,  hr-I 
K .  hr-* 
vK, ml/min 
tmnx, hr 
t o ,  hr 
Normalized areae ( N V K ) ,  hrhiter 
Normalized area' (tramzoidal). hr/liter 


0.55 f 0.08" 0.92 f 0.17 0.48 +C 0.21 2 > 1.3 
4.1 f 1.3 1.6 f 0.3 2.5 f 1.7 1 > 2  


0.55 f 0.19 0.66 f 0.08 0.74 +C 0.11 NSDd 
111 f 38 132 f 17 148 +C 22 NSD 


0.70 f 0.18 1.13 f 0.17 - 2 > 1  
0.10 f 0.10 10.16 f 0.16 0.61 f 0.43 NSD 
0.09 f 0.02 0.12 f 0.01 0.06 f 0.03 2 > 3  
0.09 f 0.02 0.11 f 0.13 0.06 f 0.01 2 > 3  


n = 4. Differences are considered significant when p < 0.05. Standard deviation. No significant differences. e Area divided hy dose. 
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elimination rate constants or clearance values between treatments. The 
elimination half-lives were similar to those reported previously in beagle 
dogs (13). 


DISCUSSION 


Prednisolone sodium phosphate is known to produce its pharmaco- 
logical action after being converted to prednisolone in the body (14). 
Kitagawa eta!. (15) showed that phosphate ester hydrolysis is extremely 
rapid in rats, rabbits, and dogs, with peak plasma free steroid levels oc- 
curring almost immediately following intravenous injection of the ester. 
The monoexponential decline in plasma prednisolone levels following 
intravenous doses and the close similarity between the intravenous 
elimination rate constants and those obtained following oral doses of 
prednisolone indicate that the ester is rapidly and quantitatively hy- 
drolyzed as soon as it enters the body. Any delayed hydrolysis would 
decrease the observed elimination rate constant. Thus, the prednisolone 
distribution volume of 68% total body volume, obtained following in- 
travenous prednisolone sodium phosphate, is probably an accurate es- 
timate of free prednisolone distribution. 


Although prednisolone sodium phosphate is rapidly converted to free 
prednisolone in  uiuo, plasma levels following oral doses of a solution of 
this drug form tended to be lower than those from the slurry and tablets. 
Differences between solution plasma levels and those obtained from solid 
dosage forms were significant even when values were normalized for the 
slightly different doses (Table 111). This result may be rationalized in 
terms of the ability of dissolved drug to permeate the GI membrane. 
Prednisolone sodium phosphate exists in solution in Forms 1-111 (Scheme 
I), depending on the solution pH. 


RHzP04 2 RHPO4- 3 RP04’- 
I ‘  I1 -?---- 111 


Scheme I 


By analogy with 2-glycerolphosphoric acid, which has a pK1 of 1.34 and 
a pK, of 6.65 (16), the pK1 of prednisolone phosphoric acid is estimated 
to be -1.5. Hence, in the stomach, with a pH range of 1-3, drug admin- 
istered as 111 would exist mainly as either I or 11. Based on a pK1 of 1.5, 
the ratio of I1 to I species in the gastric pH range would be 0.32 at  pH 1, 
3.2 at pH 2, and 32.0 at pH 3. Therefore, a considerable proportion of the 
drug would be in the ionized form in the stomach. Since the GI epithelium 
is preferentially permeable to the unionized, lipid-soluble forms of most 
drugs (17), prednisolone sodium phosphate absorption might be expected 
to be hampered. Even where the pH of the stomach is as low as 1 and the 
drug is largely undissociated, its high water solubility and low fat solu- 
bility, compared to prednisolone, would still hinder membrane pene- 
tration. Recent studies (18) suggested that the site of prednisolone ab- 
sorption is probably in the upper jejunum where the pH is close to 6. In 
this case, a greater percentage of drug would be in an ionized form at the 
absorption site, resulting in poor absorption. 


The results in Tables 1-111 indicate that absorption of orally dosed 
prednisolone is somewhat reduced and delayed from tablets compared 
to a slurry. This result suggests, for the formulations used in this study 
at  least, that prednisolone absorption from compressed tablets may be 
disintegration rate as well as dissolution rate (5) controlled. For any pa- 
tient on corticosteroid therapy with demonstrated malabsorption, im- 


proved absorption from oral doses would probably be obtained by ad- 
ministering pulverized tablets as a slurry but not by administering a so- 
lution of a water-soluble form of the drug. 


The Food and Drug Administration recommended that animal models 
be developed to correlate bioavailability studies in animals and humans 
(19). Although these results were obtained in a single animal, sufficient 
information has been generated to warrant expanded studies of these 
aspects of prednisolone bioavailability in humans. 
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Teratogenicity of 
Zinc Chloride, 1,lO-Phenanthroline, and a 
Zinc-l,10-Phenanthroline Complex in Mice 


CHI-HSIUNG CHANG *, DAVID E. MANN, Jr. x, and 
RONALD F. GAUTIERI 


Abstract Zinc chloride, in single doses of 12.5,20.5, and 25 mg/kg ip 
on Day 8,9,10, or 11 of gestation in CF-1 albino mice, produced skeletal 
anomalies without accompanying soft tissue defects. Ripple ribs, the most 
unusual anomaly, first appeared when the zinc salt was given on Day 9 
of gestation in a dose of 20.5 mg/kg, becoming more prevalent when 25 
mg/kg of the drug was administered on Day 11. 1,lO-Phenanthroline, in 
single doses of 30 mghg ip on Day 8,9,10, or 11 of gestation, elicited 
skeletal defects comparable to those caused by zinc chloride as well as 
soft tissue anomalies, but a significant incidence of the former occurred 
with this agent only following its injection on Day 8 of gestation. A zinc- 
1,lO-phenanthroline complex in single doses of 50 mghg on Day 8,9,10, 
or 11 of gestation yielded significant incidences of skeletal and soft tissue 
anomalies only when the complex was administered on Day 8 or 9 of 
gestation. This dosage level was toxic to both the mother and fetus when 
given on Day 10 of gestation. However, when the complex was given on 
Day 8,9,10, or 11 in a dose of 25 mgkg, neither toxic nor teratogenic ef- 
fects were observed in the mother or fetus, respectively. 


Keyphrases n Zinc chloride-aione and complexed with 1,lO-phen- 
anthroline, teratogenic effects evaluated in mice 1,lO-Phenanthro- 
line-alone and complexed with zinc, teratogenic effects evaluated in 
mice Teratogenicity-zinc chloride and 1,lO-phenanthroline, alone 
and complexed, mice Metals-zinc as chloride, alone and complexed 
with 1,lO-phenanthroline, teratogenic effects evaluated in mice 0 Che- 
lating agents-1,lO-phenanthroline, alone and complexed with zinc, 
teratogenic effects evaluated in mice 


The importance of zinc for biological (botanical) growth 
was first recognized by Raulin (l), who discovered that it 
was essential for the development of Aspergillus niger. 
Lutz (2), after finding traces of the element in every organ 
of the cat, rat, and human, concluded that zinc was indis- 
pensable for zoological growth as well. Presently, the role 
of zinc in human nutrition has not been elucidated com- 
pletely, although evidence has. accumulated that it is 
necessary for nucleic acid synthesis and cell division (3- 
7). 


Recent studies (8, 9) revealed that zinc is a limiting 
nutrient among members of village populations; in its 
absence, growth retardation and hypogonadism occur. Few 
reports pertain to the teratogenic effects arising from zinc 
supplementation and deprivation in mammals. Dietary 
studies in lower species have, however, shed some light on 
the results of zinc deprivation on fetal development, 
Hurley and Swenerton (lo), after feeding a purified diet 
lacking zinc to pregnant rats, observed that all of the 
full-term fetuses had a wide variety of gross skeletal and 
soft tissue defects. Utilizing a different approach to de- 
termine the consequences of zinc deficiency in rodents, 
these investigators administered a chelating agent (edetic 
acid) to pregnant rats and succeeded in impairing repro- 
duction and inducing congenital malformations (11). When 
this agent was fed to gravid rats on Days 6-21 of gestation, 
all full-term fetuses developed gross deformities, the re- 
currence of which was prevented in a later study identical 


to the first except for the supplementation of 1000 ppm of 
dietary zinc. 


From these studies, it was assumed that zinc deficiency 
is a major etiologic factor in the occurrence of fetal 
anomalies in rodents. I t  was recently demonstrated (12) 
that zinc challenge also can cause congenital malforma- 
tions in rodents; the injection of 2 mg of zinc sulfate/kg iv 
in pregnant golden hamsters resulted in teratogenic re- 
sponses in the offspring. 


Because of these results and the prevalence of malnu- 
trition throughout the world along with the threat. of 
widespread environmental pollution, this study attempted 
to verify the effects of deprivation and excessive challenge 
of zinc in another rodent species (mouse) by using a dif- 
ferent chelating agent (1,lO-phenanthroline) and a dif- 
ferent zinc salt (the chloride). Affirmative results would 
stress the urgency to perform comparable studies in higher 
mammals (primates) whose teratogenic responsiveness is 
more relevant to  that of humans. 


EXPERIMENTAL 


CF-1 albino mice’ were employed. The females were placed in groups 
of 25-30 in aggregate cages and were not mated until they weighed at ieast 
24 g. Males were placed in individual metal cage$, 12.5 X 15 X 10 cm, with 
a wire mesh front and floor. Excreta pans were elevated to the cage floor 
to permit coprophagys. The animals were maintained on laboratory food4 
and tap water ad libitum. 


To produce timed pregnancies, two female mice were placed in the cage 
of a fertile male a t  400 pm. The following morning, a t  800 am, the female5 
were removed and inspected for the presence of a vaginal plug, which 
represents the last part of an ejaculate. Animals exhibiting this sign were 
considered to be gravid, and the morning of the appearance of the plug 
was designated as the start of gestation or Day 0. The gravid animals were 
then weighed and placed in individual cages, similar to those of the males, 
where they remained undisturbed until the morning of Day 7 when they 
were reweighed. Pregnancy was confirmed by a weight gain of 2 g or 
more. 


Following the respective treatments, the mice were allowed to continue 
their gestation periods uninterrupted until Day 18, which was 1 day prior 
to the time of expected delivery. On this day, each pregnant mouse was 
sacrificed by cervical dislocation and its weight was recorded. The ab- 
dominal cavity was opened to expose the uterine horns. The numher of 
fetuses and resorption sites (metrial glands) was determined and re- 
corded. The exposed fetuses were removed by blunt dissection, hlottted 
dry, and weighed to the nearest 0.01 g on a torsion balance. Each fetric 
was then examined for external defects and sexed. 


Viability was ascertained by reflex movement of the limbs in response 
to mechanical stimulation with a blunt probe after removal of the fetus 
from the uterus. Every second fetus was processed for skeletal exami- 
nation according to the method of Staples and Schnell (13). The re- 
maining fetuses were fixed and’decalcified in Bouin’s fixative. After 2 
weeks, the fixative was replaced by 70% ethyl alcohol in which the spec- 


Canvorth Farms, New City, N.Y. 
Norwich Wire Works, Norwich, N.Y. 
To prevent skin lesions. ‘ Purina. 
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Table I-Skeletal Anomalies Induced by Zinc Chloride, I, and I1 on Days 8-11 of Gestation in CF-1 Albino Mice 


Total 
Number Total Number / Total 


Day of of of Fetuses Number 
Drug Gestation Fetuses Number of Fetuses with Respective Defects with Defectsa / of Fetuses 


Water 8 


Zinc chloride, 8 
20.5 mg/kg 


I, 30 mg/kg 8 


II,50 mg/kg 8 


Water 


Zinc chloride, 
20.5 rng/kg 


IL50 mghg 


Water 


Zinc chloride, 
20.5 mg/kg 


Water 
Zinc chloride, 


20.5 mg/kg 


Zinc chloride, 
25 mg/kg 


9 


9 


9 


10 


10 


11 
11 


11 


II,50 mg/kg 11 


47 


34 


53 


20 


53 


48 


19 


38 


30 


87 
79 


39 


15 


4, delayed ossification and fused sternebrae 
2, supernumerary ribs 
1, delayed ossification of xiphoid process 


26, delayed ossification and fused sternebrae; 


1, supernumerary ribs 
13, delayed ossification of xiphoid 
5, delayed ossification of hindpaws 
2, delayed ossification of forepaws 


14, delayed ossification and fused sternebrae; crankshaft sternebrae 
2, supernumerary ribs 
1, delayed ossification of xiphoid 
1, delayed ossification of phalanges of hindpaws 
1, delayed ossification of forepaws 


3, supernumerary ribs 
6, delayed ossification of xiphoid 
2, delayed ossification of hindpaws 
2, exencephaly 
9, delayed ossification and fused sternebrae; crankshaft sternebrae 
2, delayed ossification of xiphoid 
2, delayed ossification of phalanges of hindpaws 
2, delayed ossification of phalanges of forepaws 
1, exencephaly 


crankshaft sternebrae 


15, delayed ossification and fused sternebrae; crankshaft sternebrae 


16, delayed ossification and fused sternebrae; 
supernumerary and crankshaft sternebrae 


10, supernumerary and ripple ribs 


12, delayed ossification of xiphoid 


17, fused vertebrae 


10, fused or missing ribs 


6, ripple ribs 


6, delayed ossification of phalanges of hindpaws 
6, delayed ossification of phalanges of forepaws 


7, delayed ossification and crankshaft sternebrae 


6, delayed ossification of xiphoid 
1, delayed ossification of phalanges of hindpaws 
2, delayed ossification of phalanges of forepaws 
2, fused and crankshaft sternebrae 
4, supernumerary ribs 
1, delayed ossification of xiphoid 
1, delayed ossification of phalanges of hindpaws 
1, delayed ossification of phalanges of forepaws 
8, delayed ossification of sternebrae 
5, supernumerary and ripple ribs 
4, ripple ribs 
8, delayed ossification of xiphoid 
7, delayed ossification of phalanges of hindpaws 


10, delayed ossification of phalanges of forepaws 
6, crankshaft and fused sternebrae; supernumerary ribs 


23, crankshaft sternebrae 
26, supernumerary and ripple ribs and missing ribs 
21, ripple ribs 
2, delayed ossification of phalanges of hindpaws 
2, delayed ossification of phalanges of forepaws 
1, exencephaly 


12, delayed ossification of sternebrae 
26, supernumerary and ripple ribs 
24, ripple ribs 
8, delayed ossification of xiphoid 


18, delayed ossification of phalanges of hindpaws 
5, delayed ossification of phalanges of forepaws 
3, supernumerary and ripple ribs 
2. riDD1e rihs 


5/47 (10.6%) 


26/34b (76.4%) 


6/53b (30.1%) 


7/20b (85.0%) 


9/53 (16.9%) 


19/48 (39.5%) 


18/1gb (94.7%) 


6/38 (15.7%) 


11/30b (36.6%) 


7/87 (8.0%) 
38/7gb (48.1%) 


3O/3gb (76.9%) 


5/15b (33.3%) 
-, - - 
3, delayed ossification of phalanges of hindpaws 


0 Total number of defects refers to total number of fetuses with skeletal anomalies. Statistically different at level of p < 0.05 (compared to respective water-treated 
group). 


imens were stored until freehand sections were made with a double-edged, 
stainless steel razor blade. according to the technique of Wilson (14). 


Statistical Methods and Analysis-The statistical significance of 
variations among the experimental groups was estimated by the Student 
t test for continuous variates and the unadjusted X-square or Yates’ 
corrected X-square for binomial proportions (15). Probabilities, p ,  less 
than 0.05 were considered to represent significant differences. 


Durham Duplex, Durham Enders Co., Mystic, Conn. 


Treatment Regimen-Animals were divided into seven groups and 
received the following treatment regimens: zinc chloride, 12.5,20.5, and 
25 mg/kg (three groups); 1,lO-phenanthroline (I), 30 mgkg (one group); 
a zinc-1,lO-phenanthroline complex (II), 25 and 50 mgkg (two groups), 
and distilled water (one group). The number of litters ranged from six 
to 10 for each group. All injections were given intraperitoneally, utilizing 
aqueous preparations of each drug whose volume never exceeded 0.45 
ml. The complex was prepared by mixing zinc chloride (2.045 mg/0.5 ml 
of distilled water) with 1,lO-phenanthroline (3 mg/ml of distilled 
water). 
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Table I I -Sof t  Tissue Anomalies Induced by I and I1 on Day 8 
or  9 of Gestation in CF-1 Albino Micea 


Figure I-Alizarin skeletal preparation of near-term mouse fetus from 
a female treated on Day 9 of gestation with 20.5 mg of zinc chloridelkg, 
showing ripple ribs. 


RESULTS 


Zinc Chloride-Induced Teratogenesis-Zinc chloride, in a dose of 
20.5 mgkg on Day 8 of gestation, produced a 76.4% incidence of skeletal 
anomalies (Table I). Two out of seven gravid mice resorbed all of their 
fetuses. This dosage, when administered on Day 9 of gestation, yielded 
a 39.5% incidence of skeletal anomalies including the ripple rib, a thick- 
ening of the midportion of the rib with a peculiar undulation (Fig. 1). The 
ripple rib anomaly, which first appeared on Day 9 of gestation with a 
12.5% occurrence in response to zinc chloride challenge, was accompanied 
by other skeletal defects similar to those caused by the zinc salt on Day 
8. 


When zinc chloride was given on Day 10 or 11 of gestation in a dose of 
20.5 mg/kg, incidences of skeletal defects of 36.6 and 48.1%, respectively, 
were produced that were comparable to those appearing in response to 
the challenge by the zinc salt on Day 9 with respect to morphological al- 
teration. This dose was most toxic when given on Day 10 of gestation; four 
out of 10 gravid mice died several days after having received single in- 
jections. The incidence of skeletal anomalies caused by zinc chloride on 
Days 8-11 of gestation was significantly higher than that of the water- 
treated group, but the occurrence of soft tissue anomalies in response to 
this dose of the zinc salt during the same period was not significant as 
compared to that of the water-treated group. 


Zinc chloride, 25 mg/kg on Day 11 of gestation, produced an incidence 
of 76.9% of skeletal deformities, including a 61.5% occurrence of ripple 
ribs (Table I). The difference between the percent incidence of skeletal 
anomalies caused by this dose of the zinc salt and that of the water- 
treated group was significant. This dose of zinc chloride elicited the 
greatest incidence of maternal deaths; five out of 15 gravid mice died 
when the injection was made on Day 11 of gestation. 


Zinc chloride, 12.5 mg/kg on Day 11 of gestation, induced nonsignifi- 
cant incidences of both skeletal and soft tissue defects as compared to 
those of the water-treated group. No deaths were observed in the gravid 
animals, and no ripple ribs were noted in the fetuses. 


Compound I-Induced Teratogenesis-Compound I, 30 mg/kg, 
produced a 30.1% incidence of skeletal defects (Table I) when adminis- 
tered on Day 8 of gestation and a 13.0% incidence of soft tissue anomalies 
(Table 11) when given on Day 9. Both percent incidences were signifi- 
cantly different from those of the water-treated group. 


No significant differences in the incidence of skeletal and soft tissue 
anomalies were noted between the I and water-treated groups when ad- 
ministrations were given on Days 10 and 11. Four fetuses out of 10 litters 
and 13 fetuses out of seven litters were resorbed when this dose of I was 
given on Days 10 and 11, respectively. No maternal deaths occurred fol- 
lowing the administration of I on Days 8-11 of gestation. 


Complex 11-Induced Teratogenesis-Complex II,50 mgkg on Day 
8, produced an incidence of skeletal anomalies of 85.0%. This dose of the 
complex, when given on Day 9 of gestation, produced a 94.7% incidence 
of skeletal defects, including fused vertebrae. The latter malformation 
was initially observed when the complex was injected on Day 9 at  this 
dosage level. Interestingly, neither the zinc salt nor I elicited the anomaly, 
regardless of the day of injection. 


A number of soft tissue defects, including extra thumbs and missing 
digits and tail, were caused by the complex. Both the incidences of skeletal 


Day Number of  Total Total 
of Total Fetuses with 


Gesta- Number Respective 
Drue tion of Fetuses Defects 


Water 8 


II,50 8 
mg/ 
kg 


Water 9 
I,30 9 


kg 


mg/ 
11, 50 9 


ke 


43 3, sixth digitc 4/43 (9.3%) 
1, cleft palate 


2, exencephaly 
1, cleft palate 
3, cryptorchidism 


1, cleft palate 
1, talipes 
1, cryptorchidism 


four digits 
1. tail absent 


18 1, sixth digit 7/18 (38.9%)d 


46 1, cryptorchidism 1/46 (2.2%) 
46 3, sixth digit 6/46 (13.0%) 


17 4, two thumbs; 4/17 (23.5%)d 


a No significant defects of soft tissues were noted on Days 10 and 11 of gestation 
when zinc chloride, I, or half as much I1 was administered individually to mice. 
Neither the injection of zinc chloride nor half as much I1 on Day 8 or 9 of gestation 
produced a significant incidence of soft tissue anomalies. Total number of defects 
refers to total number of fetuses with soft tissue anomalies. Actually is a protu- 
berance adjacent to fifth digit of forepaw. d Statistically different at level of p < 
0.05 (compared to water-treated group). 


anomalies (94.7%) and soft tissue defects (23.5%) were significantly higher 
than those of the water-treated group that received injections on Day 9 
(Tables I and 11). A high incidence of maternal deaths was observed a few 
days after I1 was administered. Seven out of 14 gravid animals died, and 
two out of 14 gravid mice resorbed all of their fetuses. Twenty-one fetal 
resorptions in seven litters occurred after the injection of the complex 
on Day 9. 


The administration of I1 on Day 10 of gestation, in a dose of 50 mg/kg, 
proved to be highly toxic to both the mother and fetus. Five of 14 gravid 
animals succumbed, and eight of 14 mice resorbed all of their fetuses. 
Nine fetuses in nine litters were resorbed. Obviously, these conditions 
preempted the study of skeletal and soft tissue defects. 


Complex II,50 mg/kg on Day 11 of gestation, produced a 33.3% inci- 
dence of skeletal anomalies (Table I), including ripple ribs which had not 
been noted when the complex was injected on earlier gestation days at  
this dosage level. The incidence of skeletal defects (33.3%) was signifi- 
cantly higher than that observed in the water-treated group. Only one 
in eight gravid mice resorbed all of her fetuses, but the maternal death 
rate was high (50%). Fourteen fetuses in four litters were re- 
sorbed. 


The single administration of 11, in a dose of 25 mg/kg on Days 9-11, 
yielded nonsignificant incidences of skeletal and soft tissue defects as 
compared to those of the water-treated groups. Maternal deaths and total 
fetal resorptions were not elicited by this dose of the complex. 


DISCUSSION 


Zinc chloride, when administered intraperitoneally to CF-1 albino mice 
in doses of 20.5 and 25 mg/kg, produced significant incidences of skeletal 
defects as compared to those observed in the water-treated group on Day 
11. However, the zinc salt failed to produce a significant incidence of soft 
tissue anomalies with this treatment regimen. As the dosage of the zinc 
salt was reduced, maternal and fetal toxicity, relative fetal weights, and 
the incidence of skeletal anomalies were correspondingly decreased. The 
principal site for the teratogenicity of the zinc salt apparently is the 
skeletal system and, with increased doses, the majority of the defects 
produced involve the rib cage ( i .e . ,  ripple ribs). 


Zinc chloride, 20.5 mg/kg, exerted greater toxic effects on the mother 
and fetuses when administered on Day 10 of gestation than on any other 
day. Ripple ribs (Fig. 1) caused by the zinc salt first appeared when the 
drug was given on Day 9 of gestation and became more frequent and 
pronounced after the injection on Day 11. 


Compound I, in a dose of 30 mg/kg, produced a significant incidence 
of skeletal defects on Day 8 and soft tissue anomalies on Day 9. Maternal 
deaths were not observed when the chelating agent was injected on Days 
8-11. Only one in 10 gravid mice resorbed all of her fetuses when I was 
given on Day 10. At this dose, the chelator exerted relatively little toxicity 
since the teratogenic effects occurred only when I was given on Day 8 or 
9. If the majority of the defects arising from I injections were due to 
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chelation with endogenous zinc in a bound or free state, it could then be 
assumed that the metal requirements of fetuses on Days 8 and 9 of ges- 
tation are considerably higher or more important than the demands for 
the metal after Day 9. 


Complex 11, in a dose of 25 mg/kg, failed to elicit significant skeletal 
and soft tissue anomalies when injected on Days 8-11, suggesting that 
any lower dose would be unlikely to cause teratogenesis and toxicity in 
fetuses and maternal animals, respectively. A dose of 50 mg/kg of the 
complex did produce significant incidences of skeletal and soft tissue 
defects when given on Day 8 or 9. When the complex was administered 
in this dose on Day 10, increased toxicity to both gravid mice and fetuses 
overshadowed its teratogenic actions. Yet, when the complex was given 
on Day 11, skeletal instead of soft tissue anomalies appeared in significant 
incidences. Furthermore, although the zinc is bound with 1,lO-phenan- 
throline when injected as a complex, sufficient amounts of the metal 
apparently are available to elicit teratogenic effects in a manner com- 
parable t0 that achieved by free zinc since ripple ribs occurred only when 
large doses of the complex were given and in an incidence considerably 
lower than that induced by the intermediate dose (20.5 mg/kg) of the zinc 
salt on Days 11 and 9. 


CONCLUSION 


On the basis of these results utilizing lower species, it is recommended 
that similar studies be carried out in higher mammals to determine more 
precisely the relevapcy of deprivction and excessive challenge of zinc as 
etiologic factors in the development of human teratogenesis. 
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Determination of Time Course of 
Tablet Disintegration I: Numerical Method 


K. G. NELSONX and L. Y. WANG 


Abstract A method is described for determining the time course of 
tablet disintegration. It involves a numerical analysis of the experimental 
dissolution profile of a tablet and the dissolution characteristics of the 
primary drug particles in the tablet. The disintegration profile is deter- 
mined for an acetaminophen tablet to demonstrate the application of the 
method. Tablet dissolution is simulated with the disintegration-disso- 
lution model, and the interrelationship between the two fundamental 
processes is studied theoretically by varying the parameters describing 
the two processes. 


Keyphrases Disintegration-tablets, time course determined using 
numerical analysis of dissolution profile CI Dissolution profile-numerical 
analysis used to determine time course of tablet disintegration Tab- 
lets--time course of disintegration determined using numerical analysis 
of dissolution profile 


The release of an active ingredient from a tablet involves 
two distinct processes: disintegration of the tablet and 
dissolution of the active ingredient. Although both pro- 
cesses commence when the tablet encounters an aqueous 
environment, the bulk of the active ingredient cannot 
dissolve until disintegration has occurred. The two pro- 
cesses are thus sequential and occur simultaneously until 
the tablet has disintegrated completely. 


Studies on the temporal aspect of disintegration have 


largely involved only one time point, the disintegration 
time. The disintegration time is a subjective measure in- 
volving the time it takes the tablet to disintegrate and pass 
through a screen of arbitrary size in a standard apparatus 
(1). Attempts at  determining the time course of disinte- 
gration have been reported (2,3), but generally research 
in this area has involved the study of parameters that affect 
disintegration such as disintegrant type, compression force, 
and binders, and the results have been monitored by the 
official disintegration test (4). 


Dissolution processes for powders and nondisintegrating 
tablets have been studied rather extensively. Several re- 
ports discuss dissolution theory and provide mathematical 
models (5-8) which serve as a means to evaluate dissolu- 
tion rate data and dissolution test systems. A dissolution 
theory for disintegrating tablets, however, has not been 
developed, although equations with adjustable parameters 
have described the process (9,lO). 


This paper describes a method for processing dissolution 
rate data to determine a quantitative description of the 
disintegration process as a function of time. The method 
was applied to experimental dissolution rate data from a 
tablet having a rather idealized formulation to demon- 
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chelation with endogenous zinc in a bound or free state, it could then be 
assumed that the metal requirements of fetuses on Days 8 and 9 of ges- 
tation are considerably higher or more important than the demands for 
the metal after Day 9. 


Complex 11, in a dose of 25 mg/kg, failed to elicit significant skeletal 
and soft tissue anomalies when injected on Days 8-11, suggesting that 
any lower dose would be unlikely to cause teratogenesis and toxicity in 
fetuses and maternal animals, respectively. A dose of 50 mg/kg of the 
complex did produce significant incidences of skeletal and soft tissue 
defects when given on Day 8 or 9. When the complex was administered 
in this dose on Day 10, increased toxicity to both gravid mice and fetuses 
overshadowed its teratogenic actions. Yet, when the complex was given 
on Day 11, skeletal instead of soft tissue anomalies appeared in significant 
incidences. Furthermore, although the zinc is bound with 1,lO-phenan- 
throline when injected as a complex, sufficient amounts of the metal 
apparently are available to elicit teratogenic effects in a manner com- 
parable t0 that achieved by free zinc since ripple ribs occurred only when 
large doses of the complex were given and in an incidence considerably 
lower than that induced by the intermediate dose (20.5 mg/kg) of the zinc 
salt on Days 11 and 9. 


CONCLUSION 


On the basis of these results utilizing lower species, it is recommended 
that similar studies be carried out in higher mammals to determine more 
precisely the relevapcy of deprivction and excessive challenge of zinc as 
etiologic factors in the development of human teratogenesis. 
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Abstract A method is described for determining the time course of 
tablet disintegration. It involves a numerical analysis of the experimental 
dissolution profile of a tablet and the dissolution characteristics of the 
primary drug particles in the tablet. The disintegration profile is deter- 
mined for an acetaminophen tablet to demonstrate the application of the 
method. Tablet dissolution is simulated with the disintegration-disso- 
lution model, and the interrelationship between the two fundamental 
processes is studied theoretically by varying the parameters describing 
the two processes. 
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The release of an active ingredient from a tablet involves 
two distinct processes: disintegration of the tablet and 
dissolution of the active ingredient. Although both pro- 
cesses commence when the tablet encounters an aqueous 
environment, the bulk of the active ingredient cannot 
dissolve until disintegration has occurred. The two pro- 
cesses are thus sequential and occur simultaneously until 
the tablet has disintegrated completely. 


Studies on the temporal aspect of disintegration have 


largely involved only one time point, the disintegration 
time. The disintegration time is a subjective measure in- 
volving the time it takes the tablet to disintegrate and pass 
through a screen of arbitrary size in a standard apparatus 
(1). Attempts at  determining the time course of disinte- 
gration have been reported (2,3), but generally research 
in this area has involved the study of parameters that affect 
disintegration such as disintegrant type, compression force, 
and binders, and the results have been monitored by the 
official disintegration test (4). 


Dissolution processes for powders and nondisintegrating 
tablets have been studied rather extensively. Several re- 
ports discuss dissolution theory and provide mathematical 
models (5-8) which serve as a means to evaluate dissolu- 
tion rate data and dissolution test systems. A dissolution 
theory for disintegrating tablets, however, has not been 
developed, although equations with adjustable parameters 
have described the process (9,lO). 


This paper describes a method for processing dissolution 
rate data to determine a quantitative description of the 
disintegration process as a function of time. The method 
was applied to experimental dissolution rate data from a 
tablet having a rather idealized formulation to demon- 


1758 / Journal of Pharmaceutical Sciences 







1 .o 


0.8 


0.6 
.m - 
1 x 
I 
c - 


0.4 


0.2 


a I I I I 
1 .o 2.0 


MINUTES 


Figure 1-Powder dissolution data plotted according to  the cube-root 
equation. 


strate the principles of the method. This disintegration- 
dissolution analysis should provide the framework for a 
quantitative model for tablet dissolution. 


THEORETICAL 


Disintegration may be considered to he the process whereby the indi- 
vidual solid drug particles are released from the tablet to the aqueous 
medium so that they may undergo dissolution. A quantitative description 
of this process would involve the amount or fraction of the drug in a tablet 
that has disintegrated as a function of time. Once an individual drug 
particle is exposed to the aqueous environment, a mathematical ex- 
pression exists to describe its time course of dissolution, e.g., the Hix- 
son-Crowell equation (5). 


The dissolution profile that results from a dissolution test on a tablet 
in a dissolution apparatus is a composite of the disintegration and dis- 
solution functions. The principle of the method outlined later is the ap- 
plication of a numerical analysis technique to the dissolution profile along 
with the known dissolution rate function to generate the disintegration 
function. 


A rearrangement of the Hixson-Crowell cube-root equation (5) de- 
scribes the dissolution of a powder: 


f = 1 - (1 - Kt)3 (Eq. 1) 


where f is the fraction dissolved, t is the time, and K is an experimentally 
determined constant, which depends upon the initial particle size and 
the solubility of the drug among other things. Of course, f cannot exceed 
1, so f is defined equal to 1 when t gets greater than the time for complete 
dissolution. 


If the time course of tablet disintegration is considered in terms of 
many discrete steps, then the fraction of drug in the tablet that has dis- 
solved after the first small time interval may be obtained by applying Eq. 
1: 


M1 = wo[l - (1 - Kt#] (Eq. 2) 


where M I  is the fraction of drug in the tablet that has dissolved at  time 
tl, and wo is the fraction of the drug in the tablet that was disintegrated 
at the beginning of the time interval, i.e., to (=O) .  For the second time 
interval: 


(Eq. 3) 


where the first term on the right is analogous to Eq. 2 but at t z ,  and the 
second term now accounts for the fraction of drug dissolved during the 
second time interval that arises from the fraction of drug disintegrated, 
wl, at the beginning of the second interval (at tl).  In general: 


Mz = wo[l - (1 - + will - 11 - K ( t z  - t1)I3\ 


where M ,  is the fraction of drug in the tablet that has dissolved after n 
time intervals, corresponding to time t,. As before, the term in braces 
that arises from Eq. 1 should be defined as 1 once it attains that value. 


The cumulative fraction of drug disintegrated, W,, up to time t, then 
is: 


w, = 5 w; 
i = O  


Thus, the disintegration profile can be constructed from Eq. 5. 
To determine the wi values, the experimental dissolution profile of a 


tablet is divided into many small intervals, e.g., 30, and the fractional 
amount dissolved is determined at  each interval. The intervals are 
numbered and, considering that M, is the fraction dissolved at the nth 
interval, Eq. 4 is written out for each interval. If K is known, then the set 
of Eq. 4 for all intervals gives a system of linear equations with the same 
number of unknowns, ie., the wj values, which can then be solved. 


Once the system is solved for the w, values, the disintegration profile 
can be obtained by applying Eq. 5 for each time interval. 


EXPERIMENTAL 


Tablet Preparation-Tablets (500.0 mg) were prepared from 25.0 
mg of acetaminophen', 15.0 mg of sodium carboxymethyl starch2, 75.0 
mg of microcrystalline cellulose3, 382.5 mg of lactose (spray dried)4, and 
2.5 mg of magnesium stearate5. The acetaminophen crystals were ground 
in a mortar and separated into a 70-80-mesh fraction with a U.S. Stan- 
dard sieve series6 and a sieve shaker7. All other ingredients were passed 
through a 60-mesh sieve, and the formulation was well mixed. The 500-mg 
tablets were compressed individually with a laboratory press8, using a 
1.27-cm (0.5-in.) die and flat-faced punches. The compressional force was 
increased slowly to 1360 kg (5000 lb) and retained for 30 sec before re- 
lease. 


Dissolution Rate-The tablet dissolution profile was determined in 
water using a rotating-filter-stationary basket dissolution test apparatusg 
(11) at  37' and 400 rpm. The amount of drug dissolved with time was 
monitored by circulating (flow rate of 71 ml/min) the filtered dissolution 
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mesh) was obtained by introducing the powder directly into the vessel 
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RESULTS AND DISCUSSION 


The value for the dissolution rate constant, K ,  was determined by 
monitoring the dissolution of the 70-80-mesh acetaminophen powder 
in the dissolution test apparatus. In accordance with Eq. 1, the data were 
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1 Rhodia, Inc., New York, N.Y. 
2 Primojel, Edward Mandell Co., Carmel, N.Y. 
3 Avicel PH-101, Avicel Department, FMC Corp., Philadelphia, Pa. 
4 Fast Flo Lactose, Foremost Foods Co., Foremost-McKesson, Inc., San Fran- 


cisco, Calif. 
5 Fisher Scientific Co., Fair Lawn, N.J. 
6 W. S. Tvler Co.. Cleveland. Ohio. 
7 Ro-Tapshaker,' W. S. Tyler Co., Cleveland, Ohio. * Model C, Fred S. Carver, Menomonee Falls, Wis. 
9 Coffman Industries, Kansas City, Kans. 


10 Cary 14, Cary Instruments, Monrovia, Calif. 
11 CDC 3300, Health Computer Sciences, University of Minnesota. 
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Figure 2-Tablet dissolution profile (points) and model-simulated 
curue. 


set of equations for the U J ~  values, and the disintegration profile was then 
generated by repetitive application of Eq. 5. The disintegration profile 
obtained in this manner is shown as the points in Fig. 3. At 4.25 min, the 
tablet had disintegrated such that it passed entirely through the wire 
mesh basket. This time would be analogous to the USP disintegration 
time (I). 


Figure 3 shows that the disintegration profile is quite linear for this 
formulation. A linear regression of the data up to t = 4.17 min gives: 


W = 0.007 + 0.219t (Eq. 6) 


with a coefficient of determination of 0.995. Because of the good linearity, 
the coefficient o f t  can be considered to be an apparent zero-order dis- 
integration rate constant, k ~ .  To test the self-consistency of the method, 
Eq. 6 can be used to calculate the UI, values for Eq. 4, which, together with 
the value for K ,  can be used to simulate the tablet dissolution profile. The 
dissolution profile generated in this way is shown as the curve in Fig. 2. 
It is apparent that the simulation is quite good, except for some moderate 
deviation a t  large times. This result may be expected, however, because 
in this region the dissolution would he influenced by the disintegration 
function when disintegration is nearing completion. Hence, the variation 
a t  large times results from the deviation of Eq. 6 from the determined 
disintegration profile, as is apparent in Fig. 3, as well as the experimental 
problem regarding Eq. 1 at  high fractions dissolved. 


To explore theoretically the interaction between the disintegration 
and dissolution processes and the resultant drug release pattern, the 
values for K and k o  can be systematically varied. Shown as the dashed 
line in Fig. 4 is the disintegration profile drawn according to Eq. 6; curve 


MINUTES 


Figure 4-Disintegration profile (dashed line) and simulated disso- 
lution curues (solid lines) for ko = 0.219. Key :  A, K = 0.465; B, K = 0.1; 
C , K = 0 . 0 4 6 5 ; D , K = 0 . 0 2 ; a n d E , K = 0 . 0 1 .  


A is the generated dissolution function. Because these functions are 
parallel for the greater part of the dissolution curve, the drug release from 
this particular acetaminophen formulation is largely controlled by the 
disintegration rate. If K is now decreased in value stepwise from 0.465 
to 0.1, 0.0465, 0.02, and 0.01, then the four dissolution profiles can be 
generated from Eq. 4 (curves B, C, I), and E, respectively, in Fig. 4). For 
the case with a relatively small K (curve E), the calculated time for 
complete dissolution is about 100 min, which is considerably larger than 
the disintegration time. Thus, curve E represents the case where drug 
release is controlled by the dissolution rate. 


Curve C in Fig. 4 represents an example of the intermediate case where 
both disintegration and dissolution influence drug release. Up to the time 
of complete disintegration, the dissolution curve has positive curvature 
because additional solid drug is released to the medium a t  a rate faster 
than it can dissolve. At the disintegration time, the dissolution curve goes 
through an inflection point because the drug release subsequently occurs 
by dissolution of the suspended particles, which is analogous to powder 
dissolution. 


The effect of changing k o  while holding K constant can also be simu- 
lated. In Fig. 5 ,  curves C represent the disintegration and dissolution 
determined for the tablet as before. Decreasing ko by 50% results in curves 
D, which show a disintegration-controlled release. Increasing ko to 0.439 
(curves B) demonstrates a case where the disintegration control is shorter; 
with k o  = 4.39 (curves A), which corresponds to a disintegration time of 
13 sec, the large region of negative curvature on the dissolution profile 
indicates that the drug release is largely dissolution rate controlled. 
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Figure 3-Disintegration profile determined by numerical analysis 
of dissolution data. The  line represents linear regression u p  to t = 4.1 7 
min. 


Figure 5-Simulated disintegration (dashed lines) and associated 
dissolution (solid lines) profiles for K = 0.465. Key: A ,  ko = 4.39; B, ko 
= 0.439; C, ko = 0.219; and D, ko = 0.109. 
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The described concept of the disintegration-dissolution analysis can 
be rather general, but several restrictions were employed to study a simple 
system and to demonstrate the use of the method. First, the tablet was 
prepared by direct compaction, which permits disintegration directly 
into primary particles. A granulation may introduce a more complex 
disintegration pattern and may also modify somewhat the primary par- 
ticles. Second, the Hixson-Crowell equation ( 5 )  was employed. Alter- 
native theories for powder dissolution exist, but the resulting mathe- 
matical equations do not describe the experimental dissolution process 
as well as the cube-root law (12). 


Third, the drug powder was of a uniform particle size. If a powder with 
a wide size distribution were used, an additional feature would have to 
be included to account for the change in size distribution over time for 
each fraction disintegrated. Fourth, it was assumed that the compression 
force did not alter the primary particles, ie., that K for the pure powder 
represented K for the disintegrated powder. Although compression can 
fracture particles, the relatively low force used apparently did not have 
a significant effect because the experimentally observed disintegration 
time was in close agreement with the time for complete disintegration 
on the disintegration profile determined by Eqs. 4 and 5.  


Finally, because the disintegration profile for the acetaminophen tablet 
was zero order, the discussion regarding the linearity of the dissolution 
profile vis-6-vis the disintegration-controlled release and the significance 
of the inflection points are restricted to this case. As further studies in- 
dicate other disintegration profiles, e.g., with negative curvature or sig- 
moidal, model simulations can be employed to explore these effects. 


The described method for determining the time course of disintegra- 
tion can provide a means to study tablet disintegration under idealized 
conditions. Work is being continued to extend the model so that regular 
tablet formulations, i.e., not idealized, can be evaluated. 
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Bioavailability of Three Isoniazid Formulations 
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~ 


Abstract The bioavailability of three isoniazid formulations was as- 
sessed using a procedure specific for the free drug. Nine human volun- 
teers, all slow acetylators, were each given 4 X 100 mg of isoniazid of three 
different tablet formulations at weekly intervals; the plasma drug levels 
were measured a t  different times during the first 24 hr. No significant 
differences ( p  > 0.05) were detected among the three products as to rel- 
ative bioavailability, peak plasma concentrations, C,,,, and the time of 
C,,,, t,,,. Analysis of variance of the pharmacokinetic parameters ob- 
tained according to a one-compartment open model did not demonstrate 
any significant formulation or time effect but revealed a significant in- 
tersubject variation in all parameters involved. 


Keyphrases Isoniazid-bioavailability of three commercial formu- 
lations compared 0 Bioavailability-isoniazid, three commercial for- 
mulations compared Tuberculostatic antibacterials-isoniazid, bio- 
availability of three commercial formulations compared 


Isoniazid has been used since the early 1950’s for the 
treatment of tuberculosis and has been largely responsible 
for the virtual eradication of this disease in certain parts 
of the world. It is widely used in preventive therapy in the 
United States and Canada. Its clinical efficacy and bio- 
availability assessment are complicated by methodological 
and metabolic problems. First, the presence of slow and 
fast acetylator genotypes in the population has been 
demonstrated (1-51, and the inclusion of both types in a 
study could lead to increased variability and difficulties 
in design. Second, isoniazid tends to form relatively stable, 


probably less active, hydrazones with either physiological 
(sugars and pyruvate) or excipient (lactose and glucose) 
aldehydes and ketones (6-9), thus necessitating an assay 
that can distinguish between the free drug and its hydra- 
zones. 


Earlier studies (10) on isoniazid bioavailability did not 
demonstrate any difference between six commercial 
preparations available in the United States. The method 
used, however, could not distinguish between free isoniazid 
and its hydrazones. This study was initiated to compare 
the bioavailability of three Canadian isoniazid prepara- 
tions using a homogeneous group and an assay that mea- 
sures only free isoniazid in the plasma. 


EXPERIMENTAL 


Materials-Isoniazid tablets, 100 mg, were supplied’ from current 
production lots. Evacuated heparinized blood collection tubes were ob- 
tained locally*. Extractions were done in glass tubes with polytef-lined 
screw caps3. 2,4-Pentanedione (practical), diethanolamine, ethylene 
glycol, potassium carbonate, zinc acetate (all reagent grade)*, methy1 


See “Quad Review 4,” Health Protection Branch. Health and Welfare Canada, 
Ottawa, Canada, 1975, p. 44. * Vacutainers. Becton-Dickinson; obtained through Canlab, Ottawa, Canada. 


Catalog No. T 1356-1, Canlab, Ottawa, Canada. 
Baker; ubtained through Canlab, Ottawa, Canada. 
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study could lead to increased variability and difficulties 
in design. Second, isoniazid tends to form relatively stable, 
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(sugars and pyruvate) or excipient (lactose and glucose) 
aldehydes and ketones (6-9), thus necessitating an assay 
that can distinguish between the free drug and its hydra- 
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Table I-Specificity of Assay Used for Isoniazid 


Amount Added, Amount Founda, 
Substance nmoles nmoles Recovery, % 


Isoniazid 72.9 74.4 102 
I 55.5 0 0 
I1 48.3 2.9 6 


111 37.7 1.5 4 
Estimated by the method of Lever (13) as described under Experimental. 


(Means of duplicate determinations.) 


isobutyl ketone5, and chloramine-T6 were used without further purifi- 
cation. Ether7 was freshly distilled before use. 


Solutions-Acetylisoniazid (I) and isoniazid hydrazones of pyruvate 
(11) and a-ketoglutarate were dissolved in water containing excess 
sodium bicarbonate to keep the solution pH above 7. 
In Vitro Testing-Potency, content uniformity, and disintegration 


time were tested according to the _USP XVIII (11) requirements for iso- 
niazid tablets. Dissolution time, t60, was measured using the USP ro- 
tating-basket method (11) with 900 ml of distilled water at 37" as the 
dissolution medium. The basket was rotated at 100 rpm, and the dissolved 
drug was measured by following the absorbance of the filtered dissolution 
medium at 262 nm in a suitable spectrophotometric systemg. 


Subjects-Nine normal, healthy, male volunteers, all slow acetylators, 
26-44 years old and 66-86 kg, were selected on the basis of a complete 
medical and biochemical examination. Isoniazid acetylator phenotype 
was determined according to the test described by Hodgkin et al. (12). 


Bioavailability Trial-The three isoniazid preparations were ad- 
ministered to each subject at a dose of 400 mg (4 X 100-mg tablets), a t  
intervals of 1 week, according to a design incorporating three replicate 
3 X 3 Latin squares. The subjects, having fasted overnight, ingested the 
drug with 50 ml of water (0 time), took a light, xanthine-free beverage 
at 1.5 hr, and had food and water ad libitum from 3 hr on. Blood was 
obtained by venipuncture using heparinized collection tubes2 at  0,0.25, 
0.5,1.0,1.5,2,3,4,7.5, and 24 hr; the plasma was separated by centrifu- 
gation and kept frozen at -20" for not more than 5 days before analy- 
sis. 


Assay-Plasma isoniazid was estimated by a minor modification of 
the fluorometric procedure of Lever (13). Plasma, 1 ml, was incubated 
in a polytef-lined screw-capped tube3 with 0.6 ml of 7% 2,4-pentanedione 
in 1 M NaZHP04 for 20 min at  45". After the addition of 0.4 ml of 5 M 
KzC03 and 5 ml of methyl isobutyl ketone, the mixture was extracted'O 


0.1 I I I I \ 
5 10 15 20 


HOURS 


Figure 1-Plasma profile of isoniazid following the administration of 
400 mg to human volunteers. The  points represent the  mean plasma 
isoniazid concentration for each formulation. Key: 0 ,  Formulation R; 
A, Formulation 1; and 0, Formulation 2. The  solid line is the curve fitted 
to  the overall means ofconcentrations. T h e  inset is the  linear plot. 


Certified, Fisher Scientific, Ottawa, Canada. 
Eastman; obtained through Fisher Scientific. 
Anhydrous, Mallinckrodt Chemicals, Montreal, Canada. 
Gift of Dr. L. Eidus, Ottawa, Canada. 
Beckman DB-GT, Beckman Instruments, Fullerton, Calif. 


lo Roto Rack, Fisher Scientific, Ottawa, Canada. 
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Table &-In V h v  Test Results of the Isoniazid Formulationsa 


Formu- Potencyb, Content Disinte ration Dissolution 
lation mg/Tablet Uniformityc Time 5 , min Timee, min 


3 R 103.7 Pass - 
1 101.1 - 0.5 1 
2 99.3 Pass 5.5 1 1  


a Specifications according to USP XVIII (1 1). * From 93 to 107% of label claim. 
c Minimum of nine tablets out of 10 within 15% of label claim. d A 30-min maximum. 


Test not required by the USP XVIII. 


for 15 min and centrifuged for 10 min. The organic phase (4 ml) was ex- 
tracted as already described with 1.2 ml of a solution of 2.5 M dietha- 
nolamine and 2 M zinc acetate in ethylene glycol and centrifuged. 


The ethylene glycol layer was washed with 1 ml of ether and placed 
under vacuum for 10 min to remove the dissolved ether, and its fluores- 
cence was measured on a fluorornetdl using as excitation the mercury 
line at  436 nm and an emission wavelength of 540 nm. Readings were 
made against blanks prepared identically using pooled plasma of normal 
blood donors. All 0-hr samples of the bioavailability trial gave consistently 
zero readings within instrumental error. 


Calculations-The areas under the plasma isoniazid concentration- 
time curve, AUC, were estimated by the trapezoidal method; the analyses 
of variance on the AUC and on the maximum observed plasma concen- 
tration, C,,, were done using the logarithmic transform of the raw data 
adjusted for potency. The pharmacokinetic parameters for each indi- 
vidual treatment were obtained by a nonlinear regression program12 
according to: 


(Eq. 1) 


where C, is the plasma concentration at  time t ,  Co is the dose absorbed 
divided by the volume of distribution, and k ,  and k ,  are the rate con- 
stants for absorption and elimination, respectively. The starting pa- 
rameters for the program were obtained using the graphic method of 
Rescigno and Segr6 (14). 


RESULTS AND DISCUSSION 


Isoniazid Assay-Two problems were encountered when evaluating 
suitable procedures for plasma isoniazid: the specificity of the procedure 
and the stability of the drug in plasma stored in the frozen state. Speci- 
ficity has been a problem since isoniazid therapy was introduced, as 
witnessed by the plethora of published procedures (cf., 15, also 13,16-19). 
The ease with which isoniazid forms derivatives with ketones and al- 
dehydes and the controversy as to the therapeutic efficacy of the resulting 
hydrazones were described previously (6-9). Observations in this labo- 
ratory with rabbits suggest that at least some hydrazones of isoniazid 
remain intact and are rapidly eliminated when injected. The method 
selected was, therefore, chosen without acid treatment during extraction 
or deproteinization to avoid possible hydrolysis of any isoniazid hydra- 
zones present. 


The second problem, loss of isoniazid during frozen storage of plasma, 
has been reviewed (20). It appears to be minimal when the chromogenic 
reaction is performed in the presence of plasma proteins within a few days 
of storage, as in the present study. 


To verify the specificity of the method, isoniazid and 1-111 were added 
to plasma and assayed for isoniazid. Table I shows the recoveries as iso- 
niazid. Physiological hydrazones did not interfere to any appreciable 
extent when the temperature was kept below 50°, although considerable 
interference was noted at higher temperatures (up to 80% at 100"). The 
final ether wash and drying were found advisable to avoid development 
of turbidity, caused by residual methyl isobutyl ketone, on cooling of the 
final solution. 
In Vitro Tests-The results of the test performed on the isoniazid 


formulations are summarized in Table 11. All parameters studied were 
within the specifications of USP XVIII (11). Two of the three formula- 
tions contained lactose as excipient, but the amount of isoniazid bound 
as hydrazone was too small (4.2% or less13) to vitiate the estimation of 
bioavailability. 


Bioavailability-The plasma isoniazid concentrations following the 


l 1  Aminco-Bowman SPF-125, American Instrument Co., Silver Spring, Md. 
l 2  The program used was a modification of the Bio-medical Statistical Program, 


l3 Dr. K. McErlane of these Laboratories, personal communication. 
BMD-X-85 package. 







Table 111-Plasma Profiles for Isoniazid (Formulation Means) 
Plasma concentration", pg/ml, a t  


Formulation AUC, pg hr/ml 0.25 hr 0.5 hr 1 hr 1.5 hr 2 hr 3 hr 4 hr 5 hr 7.5 hr 24 hr 


R 50.29 3.03 6.92 7.72 6.75 5.82 5.16 4.15 3.12 2.03 0.15 
(CV) (14.53) (69.14) ($8.33) (26.89) (16.72) (14.69) (16.36) (17.18) (14.52) (17.92) (50.31) 
I 49.87 5.32 6.76 8.20 6.93 6.22 5.27 4.18 3.08 1.91 0.10 


(16.59) (78.53) (39.77) (19.17) (17.29) (18.93) (19.81) (18.28) (23.12) (19.49) (62.45) 
2 50.63 4.14 7.00 7.44 6.99 6.50 5.31 4.38 2.97 2.02 0.10 
(CV) 


(CV) (17.20) (74.49) (52.63) (33.36) (22.27) (20.28) (12.53) (16.40) (15.73) (22.02) (42.13) 


a Arithmetic means, n = 9 for each formulation. 


Table IV-Bioavailability Parameters of Isoniazid Formulations 


Formulation Potency", % AUCb, pg hr/ml RBAc, % C,,,, pg/ml Tm,,, hr 
R 
1 
2 cv 


103.7 
99.3 


101.1 
- 


50.3 
49.9 
50.6 
- 


100 
101.4 
105.0 
11 


7.86 
9.15 
8.27 


17.5 


0.83 
0.75 
1.03 


60 
a Percent of label claim. Area under the 0-24-hr plasma concentratibn-time curve (arithmetic means of uncorrected data). Relative bioavailability: AUC relativ, 


to the reference formulation ( R )  (geometric mean of data corrected for potency). 


ingestion of 400 mg each of three different formulations are given in Table 
111. The AUC and mean plasma concentrations at  each time were very 
similar to each other, and the coefficient of variation (CV) between 1.5 
and 7.5 hr was 22% or less. The high values for the coefficient of variation 
at  24 hr were probably due to the very low concentrations, which were 
near the detection limit, while those during the first 30-60 min (up to 78% 
at  0.25 hr) may have been indicative of person-dependent irregularities 
in absorption. However, since this time interval represented a small 
fraction of the total area (typically -15%; cf . ,  Fig 1, inset), it had only a 
minor effect on the overall variability of the area under the curve (CV 
= 14-17%). In fast acetylators, where the elimination phase is several 
times shorter (l) ,  irregularities during absorption would probably be more 
marked. 


The results of the analysis of variance are summarized in Table IV. The 
bioavailabilities of Formulations 1 and 2 relative to the reference for- 
mulation ( R )  were 101.4 and 105%, respectively (values corrected for 
potency), and the coefficient of variation was 11%. None of these values 
was significantly different from the others at the 95% confidence level. 
These results are similar to those obtained by Gelber et al. (10) who found 
no differences in the bioavailability of six different isoniazid formula- 
tions. 


Table IV also gives the geometric means for maximum plasma con- 
centrations, C,.,, observed with the formulations. These ranged from 
7.86 to 9.15 pglml, with an overall coefficient of variation of 17.5%, and 
gave no significant difference ( p  > 0.05). The times, t,,,, at which CmaX 
was observed ranged from 0.25 to 2 hr (arithmetic means of 0.75-1.03, 
CV = 60%). An apparent rank correlation between t,,, and dissolution 


time could not be considered significant with the small number of for- 
mulations tested. 


Pharmacokinetic Considerations-The mean plasma concentra- 
tions obtained for each formulation are compared in Fig. 1 with the 
theoretical curve fitted by a nonlinear regression to the overall means. 
The parameters obtained in fitting this curve gave half-lives of absorption 
and elimination of 0.25 and 3.01 hr, respectively. The C,,,, 7.5 rg/ml, 
occurred at  0.98 hr ("mean fit," Table V). All points were close to the 
theoretical curve, except the 24-hr values which were near the lower limit 
of the assay method used and appeared to fit poorly on the semiloga- 
rithmic plot. However, this discrepancy had a minor effect on the AUC 
(Fig. 1, inset). 


The trapezoidal method appeared to overestimate the 0-24-hr AUC 
by about 20% compared to the theoretical value. The major part of this 
error was due to the lack of points between 7.5 and 24 hr. However, similar 
relative bioavailabilities were obtained by using either the theoretical 
0-m AUC ( C O / k , )  or the truncated 0-7.5- or 0-24bhr AUC, in agreement 
with findings of Lovering et al. (21). 


To examine the pharmacokinetic behavior of isoniazid, data points 
from each individual treatment were used to fit individual theoretical 
curves by means of the nonlinear regression program. The data for 19 out 
of the total 27 treatments, as well as the mean data, demonstrated a good 
fit to the theoretical equation. The remaining eight treatments (mostly 
with 0.25-hr values in the upper or lower extremes) did not fit the equa- 
tion and could not be used. 


The pharmacokinetic parameters derived are summarized in Table 
V. The overall mean of the parameters gave a CO of 9.94 rg/ml, an ab- 


Table V-Formulation Means of Parameters Derived from the Fitting of Plasma Isoniazid Concentration Data to a One-Compartment 
Ooen Model 


Formulation Number of Observations CO ka ke Theoretical C,,, Theoreticaln T,, 
1 5 10.35 2.35 0.26 7.66 1.13 
2 6 10.10 2.98 0.26 7.78 1.00 
R 8 9.40 3.30 0.24 7.60 0.88 
All combined 19 9.94 2.85 0.25 7.58 1.00 cv, % 10.02 30.6 12.0 9.4 20.6 
Mean fitb 27 9.37 2.78 0.23 7.50 0.98 


Means for theoretical T,, are arithmetic; all others are geometric means. Parameters of the curve fitted to the arithmetic means of all observed plasma concentrations 
(n = 27 for each point, r2  = 0.998). 


Table VI-Analysis of Variance of All Parameters Derived from the Fitting of Plasma Isoniazid Concentration Data to a One- 
Compartment Open Models 


* 
* 
* 
a 
* 


0.12 n.8. 1.25 n.s. 
1.08 n.s. 1.23 n.s. 
0.80 n.s. 1.61 n.s. 
1.18 n.s. 0.09 n.s. 
2.11 n.s. 1.58 ns. 


co 7.44 
KO 7.32 
K, 4.59 
Cmax 6.75 
Tmax 5.95 
Degrees of freedom 8 8  2,6 2,6 


at a = 0.06. 
Only values of the F test and ite significance and the degrees of freedom are given for each factor for each parameter. * * = significant at (1 = 0.05; n.s. = not significant 
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sorption rate constant of 2.85 hr-l, and an elimination rate constant of 
0.25 hr-l (half-life -3 hr). The theoretical C,,,, reached at  1 hr, was 7.58 
pglml. A similar set of parameters was obtained when the equation was 
applied to the means of all 27 treatments, which gave an excellent fit ( r2  
= 0.998). 


The results of an analysis of variance of the parameters are shown in 
Table VI. Of the three parameters, as well as C,, and t,,, none showed 
any significant formulation or time effect. However, analysis of variance 
revealed a statistically significant between-subject variation (p < 0.05) 
for all parameters studied, inciuding k,. Since all subjecta were of the slow 
inactivator phenotype, the finding with this small sample lends support 
to the proposed existence of additional minor genes involved in the 
elimination of isoniazid (2), although other mechanisms, e.g., multiphasic 
absorption, cannot be ruled out entirely. 


In conclusion, no significant differences in the relative rate or extent 
of bioavailability could be demonstrated in three Canadian isoniazid 
formulations. In slow acetylator subjects, the drug was absorbed rapidly 
from the gut and was eliminated with a half-life of approximately 3 
hr . 
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Abstract 0 Skin surface lipids were extracted from volunteers who had 
been ranked according to the duration of protection from mosquitoes by 
diethyltoluamide. These lipids were analyzed by GLC-mass spectrometry 
for their fatty acid contents. Correlations were found between total skin 
lipid content and protection time of diethyltoluamide and between cer- 
tain fatty acid concentrations in the skin lipids and the protection time 


of diethyltoluamide. 
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of skin surface lipids, humans 0 Repellents, insect-diethyltoluamide, 
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Topical mosquito repellents protect some individuals 
longer than others. In studies of repellents applied to 
forearms, the repellency duration with diethyltoluamide 
(I) against female Aedes aegypti (yellow fever) mosquitoes 
varied in a reproducible way among the volunteers1. This 


report investigated the role of skin surface lipids in af- 
fecting the protection time of I toward mosquitoes. 


Surface lipids contain certain components that are re- 
pellent to A. aegypti mosquitoes when evaluated in a 
dual-port olfactometer (1, 2). The primary repellency of 
these lipids is derived from the volatile fatty acids, whereas 
the hydrocarbon fraction exhibits a degree of repellency, 
primarily due to the unsaturated components present (3). 1 W. Akers, unpublished data. 
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these lipids is derived from the volatile fatty acids, whereas 
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Table I-Ranking of Volunteers Based on Descending Order of 
Duration of Protection of I toward Biting of Female A. aegypti 
Mnsouitoes 0 O /  


Average Protection Time, hr, 
for 0.32 mg of I/cm2 f SD" Volunteer 


P 10.0 (2) f 2.12 
S 9.7 (8) f 2.24 
B 9.2 (3) f 0.58 
A 8.5 (4) f 2.16 
D 8.3 (4) f 0.50 
R 
LT 
L 
M 
T c 


6.5 i5j f 0.71 
6.2 (3) f 1.53 
5.6 (8) f 1.13 
5.3 (5) f 1.10 
5.0 (6) f 0.55 
4.5 ( 5 )  & 0.71 


Number in parentheses is the number of replicates. 


Skin surface lipids have been studied for their chemical 
composition (4-9), and considerable information con- 
cerning their composition has been developed using GLC 
and mass spectrometric techniques. 


EXPERIMENTAL 


Attractancy and Repellency-Relative individual attractiveness to 
mosquitoes was determined using a probing test. Each subject had a 9 
X 12-cm foam pad with a 7 X 10-cm hole in the center placed on his or 
her ventral forearm. The participating volunteer placed this forearm 
under a 5 X 8-cm screen-covered hole in the center of the bottom of a 
standard test cage containing 250 avid female mosquitoes. The foam pad 
prevented cage contamination by the individual's forearm. The number 
of mosquitoes landing and probing in a 1-min period was recorded. 


Each volunteer exposed his or her arm under each of six test cages in 
a random order with at  least a 1-min rest between exposures. All subjects 
were tested over a 4-hr period on the same day. The average number of 
mosquitoes probing in 1 min was taken as a measure of the individual's 
attractiveness to mosquitoes. 


Duration of repellent protection time against mosquitoes was deter- 
mined by application of 0.32 mg of I/cm2 to a 7 X 10-cm test site on the 
ventral forearm. Once each hour, the forearm was covered by a plastic 
sleeve with a 5 X 8-cm hole corresponding to the repellent-treated area. 
The forearm was inserted into a cage containing 250 avid female A. ae- 
gypti mosquitoes for a 3-min exposure. The test exposure was repeated 
hourly until two bites were received on the treated site; that time was 
recorded as the protection time. The protection times reported are av- 
erages over 18 months of testing for each individual (Table I). 


Lipid Collection-For the lipid analysis, six subjects consistently 
exhibiting a longer duration of repellent protection than the average were 
selected from a volunteer population of 22 along with five additional in- 
dividuals who consistently exhibited a shorter duration of protection than 
the average. Acetone extractions were made on each subject three times 
weekly for 4 weeks as follows. The subject held his or her elbow over a 
glass funnel assigned exclusively to that individual. Analytical grade 
acetone, 50 ml, was used to rinse the elbow in each extraction, and acetone 
extractions were stored in polyethylene bottles in a freezer during the 
4 weeks of collection. Subjects used only plain soap2 and no perfumes for 
1 week prior to and during the 4 collection weeks. 


GLC-Mass Spectral Analysis of Fatty Acids-Standard amounts 
(500 pg) of cis-13-docosenoic acid were added to the total lipid sample 
from each volunteer. After derivatization with bis(trimethylsily1)tri- 
fluoroacetamide, the sample was submitted to analysis. An SE-30 column 
was used for GLC separations. The results are shown in Table I1 for each 
volunteer. 


Multiple Regression Analysis-The relative effect of each fatty acid 
on mosquitoes is influenced by two factors in addition to the molar 
quantity: the intrinsic repellency of the fatty acid molecule to mosquitoes 
and the relative volatility of the fatty acid. Both factors were included 
in the relative intrinsic repellency determined (10) in olfactometer testing 
against mosquitoes. The molar concentration of each fatty acid (Table 
11) was multiplied by the relative intrinsic repellency (10) to obtain a 
factor suitable for correlation with the individual attractiveness to 


2 Ivory. 


0 '  I 


2.0 4.0 6.0 8.0 10.0 12.0 
REPELLENT PROTECTION TIME, hr 


Figure 1-Repellent protection time of I on individuals as a function 
of the total skin surface lipid weight. 


mosquitoes and the individual protection times afforded each subject 
by the repellent. 


A multiple regression from the literature (11) was run on the fatty acid 
intrinsic repellency product as a function of first the protection time and 
then the attractiveness to mosquitoes. The hierarchial regressional 
analysis was performed stepwise so that the covariant factors with the 
highest correlations were introduced into the regression equation first. 
Saturated fatty acid fractions C13 and C15 and unsaturated fatty acid 
fractions C14, CIS, CIS, and C17 were found to be multicollinear with the 
c17 saturated fatty acid fraction (Table 111); the six fractions were omitted 
from the regressional analysis, using the approximation that the partial 
correlation coefficient for c17 would describe their effect on the depen- 
dent variable. 


The multiple regression analysis equation of dry protection time versus 
the relative fatty acid repellency factor (RF)  is: 


dry protection time = 8.5 (mM c17 X RFcl7) + 50.1 (mM C11 X RFcil) 
- 36.1 (mM C7 X RFc7) - 7.9 (mM Cl6 x RFC16) 


(Eq. 1) 


The significance = 0.042. The repellency factors from Skinner et al. (10) 
are: RFci?. 23; RFcii, 52; RFc7,61; RFcI~, 4; RFcis, 9; and RFciz, 35. The 
coefficients for the attractiveness correlation are different from those 
for the protection time correlation. One exception is the coefficient C11, 
which has the opposite sign in the attractiveness compared to the pro- 
tection time correlation; that is, negative attractiveness is positive re- 
pellency or duration of protection. 


The multiple regression analysis equation of attractiveness (Att) versus 
the relative fatty acid repellency factor is: 


Att = -44.7 (mM C14 X RFcl4) - 85.9 (mM Cl l  X RFcll) 


+ 3.3 (mM CIS X R F c I ~ )  - 0.1 (mM C ~ Z  X RFCiz) + 3.5 


+ 54.0 (mM Clsu X RFcl5U) + 32.71 (Eq. 2) 


The significance = 0.049. The repellency factors from Skinner et al. (10) 
are: RFcu, -2; RFcii, 52; and RFCISU, 17. 


DISCUSSION 


The duration of repellent protection has a significantly positive cor- 
relation (a < 0.05) with the amount of lipid recovered from the skin (Fig. 
1). Disregarding for the moment the repellent nature of the fatty acids, 
the correlation can be explained in terms of the film-forming nature of 
lipids on the skin. One might surmise that the lipids and repellent form 
a mixture, suppressing the evaporation rate from the skin surface. Gabel 
et al. (12) demonstrated that a lower evaporation rate increases the du- 
ration of repellent protection; moreover, musks, vanillin, and vanillin 
derivatives mixed with I increase repellent persistence when applied to 
the skin by suppressing repellent evaporation (13). Nicolaides (9) noted 
the possibility of free fatty acids and mono- and diacylglycerols forming 
films to reduce evaporative losses of water from the skin. Therefore, the 
fatty acids may influence repellent protection time by a physical mech- 
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Table 11-Fatty Acid Composition of Skin Surface Lipids from Volunteers 


Total 
Lipid 


Fatt Acid Saturated, m Fattv Acid Unsaturated, mg Extract, 
Subject C7 Cg Cg Clo C1l Cyz C13 C14 ‘C15 c l 6  C 17 ClS c14 c15 c16 c17 , c 18 g 


P 0.1 0.3 0.7 1.7 0.3 6.9 3.2 68.7 43.5 133.4 12.2 38.3 5.8 4.3 47.6 10.7 64.6 1.39 
s 0.0 0.2 0.4 1.0 0.1 28.0 2.1 71.0 34.4 139.5 7.3 52.4 3.3 3.1 27.7 6.9 85.1 1.21 
R 0.2 0.1 0.2 0.5 0.2 8.4 2.0 50.6 29.9 12.9 7.0 35.1 2.4 3.4 27.2 7.1 58.7 1.10 
A 0.2 0.4 0.6 1.9 0.4 15.1 0.6 42.4 11.7 116.3 4.9 42.4 1.4 1.5 25.4 3.2 84.2 0.77 
D 0.0 0.1 0.5 0.5 0.2 3.3 0.4 16.4 9.1 64.0 2.4 18.4 0.6 1.0 13.0 1.8 33.0 0.51 
R 0.0 0.1 0.3 0.5 0.1 5.1 0.3 15.1 4.9 37.4 2.1 18.1 0.5 0.4 5.9 1.6 31.1 0.52 
L1’ 0.2 0.2 0.5 0.6 0.2 6.4 1.3 42.1 19.4 108.2 4.1 34.6 1.9 2.1 26.6 5.6 83.3 0.99 
Jd 0.0 0.1 0.2 0.5 0.2 6.4 1.0 27.8 15.4 57.9 3.2 16.9 1.5 1.1 14.2 3.7 38.3 0.57 
M 0.1 0.3 0.2 1.3 0.1 22.6 0.2 23.7 5.0 51.1 2.1 20.0 0.8 0.3 8.2 1.4 43.7 0.35 
T 0.0 0.4 0.3 1.6 0.0 30.4 0.2 35.4 14.1 118.0 4.9 38.9 1.7 1.5 23.0 5.0 66.5 0.73 
C 0.1 0.1 0.2 0.4 0.5 3.4 0.1 13.1 4.8 50.3 1.8 18.3 0.6 0.3 9.9 1.5 49.5 0.53 


anism in addition to their repellent effects. 
Since the fatty acids exhibit repellency to mosquitoes, the effect of fatty 


acids on individual attractiveness to mosquitoes was considered. Ni- 
cholaides (9) indicated that lipases from microbial sources on the skin 
hydrolyze triacylglycerols to yield fatty acids and that the amount of 
hydrolysis increases the longer the lipids remain on the skin. Regression 
analysis of the total weight of extract from each individual produced a 
significant negative regression coefficient (a  < 0.05). Therefore, fatty 
acids in total appear to exhibit a negative attractiveness or positive re- 
pelleticy. 


When multiple regression analysis was employed to ascertain the rel- 
ative effects of fatty acid fractions on individual attractiveness to mos- 
quitoes, C14 and C11 saturated fatty acids exhibited the highest degree 
of correlation with negative attractiveness. These fatty acids have a higher 
volatility than the longer chain fatty acids constituting the bulk of the 
lipid extract. A higher volatility might indicate more repellent effect 
against mosquitoes in the air above the skin. 


In the second multiple regression analysis, the relation between re- 
pellent protection time and the fatty acid fractions was considered. The 
long chain fatty acids, including those multicollinear with c17 (Table III), 
dominate the regressional coefficients, indicating a positive correlation 
between the fatty acid fractions and repellent protection time. It cannot 
be determined whether or not the dominance of the long chain fatty acids 
in this correlation is a result of film-forming action with the repellent or 
of an actual repellent effect of these low volatility fatty acids; however, 
the second coefficient (C11) indicates that a relatively volatile fatty acid, 
from the mosquito repellency consideration, does exhibit a positive 
correlation with repellent duration of protection. 


With the current data, the multiple regression analysis gives only in- 
ferential coefficients so that the precise identification of the fatty acid 
components affecting attractivefiess or protection time is tenuous. The 
low volatility, long chain fatty acids probably affect repellent persistence 
by a film-forming mechanism, which slows the evaporative (and possible 


Table 111-Correlation Coefficients Exhibiting a High Degree 
of Collinearitv 


c13 0.919 
C I S  0.947 0.947 
Cl*II 0.961 0.941 0.948 c;;,-: 0.936 0.955 0.985 0.915 .__ 


C;;; 0.953 0.900 0.937 0.949 0.941 
c17u 0.937 0.930 0.967 0.955 0.970 0.970 


c17 c13 cl5 c 1 4 U  c15U ClSU 


penetrative) loss of repellent from the skin surface. 
Further studies of these factors are needed. Understanding how these 


factors influence the protection time of repellents should help in the 
development of more effective repellents. 
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Preparation, Identification, and Quantitative NMR 
Determination of Silyl Derivatives of 
6-Aminopenicillanic Acid, 
7 -Amino-3 -methyl- A3-cephem-4-carboxylic Acid, and 
7-Amino-3-acetoxymethyl-A3-cephem-4-carboxylic Acid 


FULVIO BORTESI, SILVANO CAVALLI, and ALBERT0 MANGIA 


Abstract 0 A rapid and accurate method for the quantitative determi- 
nation of the extent and ratio of amino and carboxyl group trimethylsi- 
lylation of 6-aminopenicillanic acid, 7-amino-3-methyl-A3-cephem-4- 
carboxylic acid, and 7-amino-3-acetoxymethyl-A3-cephem-4-carboxylic 
acid is presented. The method utilizes NMR spectroscopy and is based 
on the difference in chemical shifts between N-trimethylsilyl and 0- 
trimethylsilyl groups or, in cephalosporin derivatives, between the methyl 
group in the 3-position and free amino resonances. The spectra of the 
N,O- bis(trimethylsily1) derivatives are discussed. 


Keyphrases 6-Aminopenicillanic acid-silyl derivative, preparation 
and NMR analysis 0 Cephemcarboxylic acids, substituted-silyl de- 
rivatives, preparation and NMR analyses 0 NMR-analyses, silyl de- 
rivatives of 6-aminopenicillanic and substituted cephemcarboxylic acids 


Silyl derivatives-6-aminopenicillanic and substituted cephemcar- 
boxylic acids, prepared, NMR analyses Antibacterial intermediates- 
6-aminopenicillanic and substituted cephemcarboxylic acids, silyl de- 
rivatives prepared, NMR analyses 


~ ~~ ~ ~~~ 


Silylation (1) has a wide range of applications in ana- 
lytical chemistry (2) and organic synthesis (1,3) as a useful 
means of altering the solubility of materials, increasing 
their stability, and blocking reactive sites, allowing a suc- 
cessive, easy removal of the silyl group. All these advan- 
tages are present in the silylation of amino acids (4) using 
different silylating agents such as hexamethyldisilazane 
(I) (5), trimethylchlorosilane (11) (6), N-trimethylsilyldi- 
alkylamines (7), and N ,  0- bis (trimethylsilyl) acetamide 
(111) (8). Elemental analyses, refractive indexes, or IR 
spectra were the physical means used to determine the 
structure of 0-mono- or N,O-disilylated products. 


The silylation of 6-aminopenicillanic acid (IV), 7- 
amino-3-methyl-A3-cephem-4-carboxylic acid (V), or 7- 
amino-3-acetoxymethyl-A3-cephem-4-carboxylic acid (VI), 
prepared (9,lO) from naturally occurring penicillins and 
cephalosporins, is important in the commercial synthesis 
of semisynthetic P-lactam antibacterials (11,12). Although 
there are several patents in this field, 


IV 


no analytical o r  


H 


Table I-NMR Quantitative Data 


Silylation, %b 


100 x 


Experimental IN 
Condition" Substrate ?;; "> IM Solvent' 


A IV 15 - VII 
A V 22 25 VIII 
A VI 16 18 VIII _ _  
2A V 34 30 
B IV 42 - 
B V 44 41 


~~~ 


VIII 
VII 


VIII 
B VI 40 42 VIII 
2B IV 92 - VTI .~ . _- ~~ 


- d VIII 
d VIII 


2B V 95 
2B VI 88 - 


a See Experimental. * Experiments were carried out a t  least three times, and 
the results are reproducible within f5%. The values represent the percentage of 
silylation of the amino a ainst the carboxyl group. In the first column, IN = inte- 
gration value of (CH3)3&N peak, and lo  = integration value of (CH&SiO peak. 
In the second column, l a  = integration value of free amino group. and I,+, = inte- 
gration value of methyl resonance in position 3 for cephalosporin derivatives. VII 
= deuterochloroform, and VIII = tetrachloroethylene. The amino signal is 
broadened and the integration is difficult to evaluate due to its small value. 


physical data have been reported on these silylated 0- 
lactam amino acids except monosilylated IV (13). 


The described NMR method is a rapid and accurate tool 
to determine quantitatively the extent and ratio of amino 
and carboxyl group silylation directly in solution, avoiding 
handling of products sensitive to hydrolysis. 


EXPERIMENTAL 


Materials-Compounds IV-VI were laboratory reference grade. 
Deuterochloroforml and tetrachloroethylene2 were dried over phosphorus 
pentoxide (water content <0.01%); I3 and 113 were used without purifi- 
cation. 


NMR Measurements-A 60-MHz spectrometer4 was used at  3 3 O ,  
with benzene as the internal reference (6 7.37 ppm from tetramethylsil- 
ane) to avoid overlapping between tetramethylsilane and trimethylsilyl 
groups. The NMR spectrum was run a t  a 500-Hz sweep width and a 
250-sec scan time for identification purposes. 


For quantitative measurements, the spectrum was run at 50-H~ sweep 
width in the 0-50-Hz region or a t  100-Hz sweep width in the 80-180-Hz 
region (for methods of calculation, see Table I). These regions were in- 
tegrated carefully five times. The spectra of disilylated compounds were 
also run at 100-Hz sweep width in the p-lactam region both at  60 and 100 


Sample Preparations-In a flask protected from moisture by a cal- 
cium chloride tube, I (1 mmole, 0.217 ml) (Condition A), a mixture (14) 
of I (0.66 mmole, 0.145 ml) and I1 (0.66 mmole, 0.084 ml) (Condition B), 


MHz5. 


V : R = H  
VI: R = OCOCH, 


VII 


1 Ciba. 
2 C. Erba. 
3 Dow Corning. 


Varian model T 60 A. 
5 Varian model HA-100. 
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Table 11-60-MHz Signalsa of Monosily16 Derivative Protons (6) 
Substrate SolventC NHz c - 7  C-6 c - 5  c-3 c - 2  OSi(CH& OCOCH3 


1.83 bs - 4.38dd 5.48dd 4.47 1.68 1.71 0.5 - 
- 2.16 3.1 df  3.53 df  0.5 - 


IV VII 
1.68 bs 4.6de 4.87de 


- 4.9 dg 3.3 df  3.68df 0.55 2.15 
V VIII 


VI VIII 1.76 bs 4.66 de 4.88 d' 
5.33 dg 


Singlet if not stated; bs = broad singlet; d = doublet. Condition A; NSi(CH&, as partial resonance at 0.3 6. VII = deuterochloroform, and VIII = tetrachloroethylene. 
d J  = 4.3 Hz. ' J  = 4.5 Hz. I J  = 18 Hz. g J  = 13.4 Hz. 


or twice these quantities (Condition 2A or 2B) was added to a suspension 
of IV, V, or VI (1 mmole) in the chosen solvent (2 ml) a t  room temperature 
under magnetic stirring. 


The mixture was heated a t  about 64' for IV (with deuterochloroform 
as the solvent) and a t  120' (tetrachloroethylene) for V and VI until a 
complete solution was attained and then for an additional 0.5 hr (60-90 
min total). After cooling to room temperature, a 1-ml sample was put in 
the NMR tube in a dry box. Alternatively, the solvent was removed in 
U ~ C U O  in a rotary evaporator, carefully protected from moisture, to 
eliminate the last traces of the silylating agents and the solution was re- 
made with fresh dry solvent. 


Isomerization of V-Triethylamine (2 mmoles, 0.28 ml) and tri- 
methylchlorosilane (2 mmoles, 0.254 ml) were added to a suspension of 
V (1 mmole, 0.214 g) in tetrachloroetbylene (4 ml) a t  room temperature 
under magnetic stirring. The suspension was refluxed for 2 hr. After 
cooling to room temperature, a 1-ml sample was analyzed by NMR 
spectroscopy. Besides other peaks, the spectrum showed a doublet ( J  = 
1 Hz) a t  6 2.08 ppm and a singlet at 6 2.26 ppm for methyl resonances on 
a A2- and A3-cephem moiety, respectively (15). By integration of these 
two peaks, 32.5% of the A2-derivative (VII) was obtained. The same ratio 


5.5 4.0 


Figure 1-The 60-MHz N M R  spectrum of the p-lactam region of 
disilylated IV; singlet is the resonance for the 3-proton. 


4.8 4.7 4.6 
6 ,  PPm 


Figure 2-The 100-MHz spectrum of  the p-lactam region of disilylated 
V. 


was obtained in a larger scale preparation in methylene chloride. After 
hydrolysis and filtration, the recovery was practically quantitative6; NMR 
(DzO + DCI): 6 1.93 (dd, CHd,  5.0 (m, H A  6.08 (m, Hz), 5.0 (d, H7, J = 
4.5 Hz), and 5.3 (d, Hg, J = 4.5 Hz) ppm for VII uersus 2.25 (s, CHB), 3.56 
(s, CHz), 5.08 (d, H7, J = 4.5 hz), and 5.23 (d, H6,J  = 4.5 Hz) ppm for V; 
[a] + 230' (C = 1,0.5 M HCl). 


RESULTS AND DISCUSSION 


Compound I alone or I and I1 in an equimolar mixture were chosen as 
the silylating reagents because their low cost and availability in bulk 
amounts would allow the process to be extended to the industrial stage. 
In comparison with the 0-lactam radicals, their quantity was varied from 
stoichiometric (Condition A or B) to twice as much (Condition 2A or 2B) 
to ascertain if further silylation of the amino group was possible. In 
preliminary experiments on V, the trimethylchlorosilane-triethylamine 
mixture (11) was discarded because of the ready formation of the A2- 
cephem derivative (see Experimental). 


The silylation of the amino against the carboxylic group may be de- 
termined quantitatively by the ratio of integrations over N -  and O-tri- 
methylsilyl peaks (6 0.28-0.30 versus d 0.5-0.55 ~ p m ) ~  after the prelim- 
inary removal of I, 11, and hexamethyldisiloxane whose signals (6 0.17, 
0.46, and 0.2 ppm, respectively, in deuterochloroform) interfere with the 
preceding peaks. 


With cephalosporin derivatives, however, because there is complete 
agreement between integrations of the 0-trimethylsilyl group and the 
methyl groups in the 3-position (indicating a quantitative silylation of 
the carboxyl group), the silylation of the amino group can also be calcu- 
lated through the integrations over resonances of methyl groups and the 
free amino group (6 2.16 uersus about 6 1.66 ppm) without manipulation 
of the solution. Both methods of calculation gave similar results (Table 
I). The latter method is not applicable for IV because of the overlapping 
of free amino and methyl signals. 


The three substrates behaved similarly on silylation. While a complete 
reaction on the carboxyl group was attained in all conditions, the amino 
group was silylated 15-25% with Condition As and 90% with the more 
drastic operative conditions (2B), giving rise almost completely to disil- 
ylated compounds. 


While the NMR signals of the protons of the monosilylated products 
(Table 11) were similar to those of the corresponding amino acids (16,17) 
and of their esters (18,19), the pattern of the peaks for the two P-lactam 
protons of disilyls derivatives appeared to be anomalous. For IV (Fig. l ) ,  
the 5-proton gave a normal doublet a t  6 5.54 ppm ( J  = 5.5 Hz) whereas 
the 6-proton gave two doublets of equal intensity centered a t  6 4.74 and 
4.51 ppm ( J  = 5.5 Hz for both); irradiation of the resonance a t  6 5.54 ppm 
led to the collapse of the doublets to two singlets. 


The 0-lactam peaks for disilylated V and VI were partially overlapped, 
being much closer together (also with the signals of the exocyclic meth- 
ylene protons in VI). Two doublets centered a t  6 4.56 and 4.83 ppm ( J  
= 4.8 Hz) and a sharp singlet a t  6 4.81 ppm were present in both their 
spectra at 60 MHz. This anomaly was resolved for V by the 100-MHz 
spectrum (Fig. 2), showing a doublet for the 6-proton (4.78 ppm) and two 
doublets of equal intensity (4.71 and 4.58 ppm) for the 7-proton, with a 
pattern similar to that of disilylated IV ( J  = 4.7 Hz for all doublets). 


The splitting of the proton alpha to the trimethylsilylamino group in 
two doublets of like intensity might be explained by a HCNH proton- 
proton coupling (12.6-14 Hz) that is, however, roughly 50% as large as 


6 Analogously, the recovery of mono- and disilylated derivatives was quantitative, 
giving NMR spectra superimposable with the starting ones. 


7 The assignments of these resonances were made by comparison with the 
respective ones of 2.2,2-trichloroethyl-7-trimethylsilylamino-3-methyl-~3- 
cephem-4-carboxylate and trimethylsilyl-7-phenylacetamido-3-meth~1-A~- 
cephem-4-carhoxylate silylated with 111 or I, respectively. 


8 The present results agree with Glimbitza's data (13) for IV. 
9 The peaks of the other protons had the same chemical shifts as monosilyl de- 


rivatives. 
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other values reported (16). Its increase is similar to that observed in 
N-trimethylsilylcyclohexylamine (20) between the proton on nitrogen 
and the cyclohexyl a-proton, indicative perhaps, in the same way, of a 
probable trans-coplanar arrangement of H,C and NH bonds in these 
8-lactam derivatives. 
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GLC Determination of 6-Aminopenicillanic Acid and 
7-Amino-3-methyl-A3-cephem-4-carboxylic Acid 


SILVESTRO SILINGARDI, MAURO Di BITETTO, and 
ALBERT0 MANGIA 


Abstract 0 A quantitative GLC determination of 6-aminopenicillanic 
acid and 7-amino-3-methyl-A3-cephem-4-carboxylic acid is presented. 
The results obtained are in good agreement with those of known chemical 
procedures. The method is free from interference by related sub- 
stances. 


Keyphrases 0 6-Aminopenicillanic acid-GLC analysis, prepared 
samples 0 Cephemcarboxylic acid, substituted-GLC analysis, prepared 
samples 0 GLC-analyses, 6-aminopenicillanic acid and 7-amino-3- 
methyl-A3-cephem-4-carboxylic acid, prepared samples 0 Antibacterial 
intermediates-6-aminopenicillanic acid and 7-amino-3-methyl-A3- 
cephem-4-carboxylic acid, GLC analyses, prepared samples 


6-Aminopenicillanic acid (I), 7-amino-3-methyl-A3- 
cephem-4-carboxylic acid (111, and 7-amino-3-acetoxy- 
methyl-A3-cephem-4-carboxylic acid (111) are the key in- 
termediates in the preparation of several semisynthetic 
0-lactam antibacterials (1). Their characterization can be 
made from IR (2) and UV (3,4) spectra or by TLC proce- 
dures (5-7), and chemical methods are known for their 
quantitative analysis (8,9). 


GLC determinations of some penicillins were reported 
(10, ll), but no procedure on cephalosporin antibiotics has 
been published. This paper reports the separation and 
quantitative determination of I and 11' by GLC after si- 
lylation. 


In spite of several trials, I11 was partially decomposed in the operative condi- 
tions. 


I 
H H  H H  


I V  11: R = H 
111: R = OCOCH, 


EXPERIMENTAL 


Apparatus-A gas chromatograph2 equipped with a flame-ionization 
detector, maintained at  200°, was used with gas flow rates of 40 ml/min 
for hydrogen and 300 ml/min for air. The areas of the peaks were calcu- 
lated by an electronic integrator3. A column oven temperature of 180" 
with the injector a t  220" and nitrogen flow rates of 40 ml/min was used 
for the analysis of I. For the analysis of 11, the column oven temperature 
was programmed from 160 to 210" with an increase of 6"/min, the injector 
was at  220°, and nitrogen flow rates were 57 ml/min. 


Glass columns, 2 mm i.d. X 2.0 m for the analysis of I or 2 mm i.d. X 0.5 
m for 11, were packed with 4% 0V-174 on 80-100-mesh HP Chromosorb 


Perkin-Elmer model 900. 
3 Perkin-Elmer model SIP 1. 
4 Applied Science Laboratories, State College, Pa. 
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other values reported (16). Its increase is similar to that observed in 
N-trimethylsilylcyclohexylamine (20) between the proton on nitrogen 
and the cyclohexyl a-proton, indicative perhaps, in the same way, of a 
probable trans-coplanar arrangement of H,C and NH bonds in these 
8-lactam derivatives. 
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been published. This paper reports the separation and 
quantitative determination of I and 11' by GLC after si- 
lylation. 


In spite of several trials, I11 was partially decomposed in the operative condi- 
tions. 


I 
H H  H H  


I V  11: R = H 
111: R = OCOCH, 


EXPERIMENTAL 


Apparatus-A gas chromatograph2 equipped with a flame-ionization 
detector, maintained at  200°, was used with gas flow rates of 40 ml/min 
for hydrogen and 300 ml/min for air. The areas of the peaks were calcu- 
lated by an electronic integrator3. A column oven temperature of 180" 
with the injector a t  220" and nitrogen flow rates of 40 ml/min was used 
for the analysis of I. For the analysis of 11, the column oven temperature 
was programmed from 160 to 210" with an increase of 6"/min, the injector 
was at  220°, and nitrogen flow rates were 57 ml/min. 


Glass columns, 2 mm i.d. X 2.0 m for the analysis of I or 2 mm i.d. X 0.5 
m for 11, were packed with 4% 0V-174 on 80-100-mesh HP Chromosorb 


Perkin-Elmer model 900. 
3 Perkin-Elmer model SIP 1. 
4 Applied Science Laboratories, State College, Pa. 
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Table I-GLC Data 
Relative Retention TimeD Relative RSD of 


2-m 2-m 0.5-m Response Response 
Compound Column Columnb Column Factor Factor, %c 


- Phenan- 1.0 1.0 1.0 1 .o ~~...-.. 


threne (4.2 min) (2.3 min) (1.3 min) 
1.29 - - 1.51 1.78 
- 1.92 2.42 1.62d - 


I 
IV 
I1 - 3.24 3.52 1.62 2.07 


a For column conditions, see ExperirnentaL Oven t.emperature was 200". 
c Relative standard deviations of response factors were obtained from eight separate 
preparations of reference standard for I and from six for 11. Estimated in a similar 
manner as 11. 


W5. The column packing was prepared by the standard slurry-filtration 
method. The columns were conditioned overnight a t  300" in nitrogen flow 
and treated with repeated 10-rl injections of a column conditioner6. 


Reference Standards-Compounds 1-111 were obtained commer- 
cially7. 7-Amino-3-methyl-A2-cephem-4-carboxylic acid (IV) was pre- 
pared by a known procedure (12). 


Silylating Reagents and  Silylation Procedures-6-Aminopeni- 
cillanic Acid-A 50% (v/v) solution of N,O- bis(trimethyki1yl)acet- 
amide (V) in pyridine containing 0.82 mg of phenanthrene*/ml was pre- 
pared. The sample of I was carefully weighed (about 10 mg), and 2 ml of 
the silylating solution was added to each vial. After sealing, the vials were 


1 


3 


2 


2 


1 


11111111 
7 6 5 4 3 2 1 0  


1 1 I I I I I I I 1 
9 8 7 6 5 4 3 2 1 0  


MINUTES 


Figure 1-Chromatogram of I .  Key: 1, phenanthrene; and 2, I .  


5 Johns-Manville, New York, N.Y. 
Silyl 8, Pierce Chemical Co., Rockford, Ill. 
Pierre1 Analytical Laboratories. 
Schuchardt, Munchen, Germany. 


MINUTES 


Figure 2-Chromatogram of I I  (Sample 8; see Table I I ) .  Key: I, 
phenanthrene; 2, IV; and 3, I I .  


heated a t  60" for 1 hr and allowed to stand at room temperature for 1 
additional hr. 


7-Amino-3-methyl-h3-cephem-4-carbozylic Acid-The sample of 
I1 was accurately weighed (about 10 mg), and sym-dichloroethane (2 ml) 
containing phenanthrene (1.0 mg/ml), trimethylchlorosilane (328 mg = 
0.38 ml), and hexamethyldisilazane (161 mg = 0.21 ml) were added to a 
10-ml flask equipped with a reflux condenser. The mixture was stirred 
with refluxing for 1 hr (complete solution was attained within 20 min) 
and then cooled to room temperature; V was then added (203 mg = 0.246 
ml) with additional stirring for 1 hr. Aliquots of 2 ~1 of the respective 
solutions were injected. 


RESULTS AND DISCUSSION 


Compound V is the best reagent to disilylate amino acids (13) using 
mild conditions. Derivatization for I was complete at room temperature 
in about 20 hr in chloroform or pyridine; shorter silylation times were 
obtained a t  60". 


The silylation of 11 for quantitative purposes was much more difficult 
because of the ready formation of the A2-compound (IV) (about 8-10%) 
with the reported conditions and a t  room temperature or with other 
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Table 11-Comparison o f  Analytical Datan (Percent Purity) 


Sample Procedure Assay Assayc 
GLC Colorimetric Iodometric 


ComDound 1 


5 88.2 87.7 88.7 
6 96.6 93.6 93.3 
7 99.7 97.4 94.6 
8 573d 81.5 86.5 
9 93.3 93.4 89.3 


Standard deviations of known procedures are calculated on ow results (average 
of a t  least two determinations). For I samples, u = f1.30%. For I1 samples, u = 
f0.96%. The sample 
has a content of 29.3% of IV. The ratio of I1 to IV was 2.08 as determined by NMR 
spectroscopy uersus 1.97 as calculated by GLC. 


For I samples, u = f1.25%. For I1 samples, u = f3.04%. 


strong silylating agents such as N,0-bis(trimethylsily1)formamide (about 
30% of lV), N-trimethylsilylimidazole (60% of IV), and N-trimethylsil- 
ylacetamide (about 10% of IV). In the last two trials, incomplete silylation 
was obtained. 


Hexamethyldisilazane alone or with trimethylchlorosilane9 does not 
form IV during derivatization of I1 (12), which is, however, incomplete. 
Quantitative silylation on the amino group, which is much more difficult 
(14) to react than the carboxylic group, was attained in a second step by 
adding V at room temperature. This procedure leaves the double bond 
of the dihydrothiazinyl ring unaltered. Furthermore, a shorter column 
was finally chosen to minimize previously observed decomposition 
phenomena. The analytical data are reported in Table I. 


The analytical results of samples of I and I1 obtained by GLC (Figs. 
1 and 2), compared with the colorimetric determination of Marrelli (9) 
and with the iodometric assay of Alicino (8), are reported in Table 11. The 
GLC determinations of these substrates are independent of related 


~~ 


9 The 1:3 molar ratio of these two silylating reagents was found to be the most 
suitable after preliminary experiments. 


Fluorescence Properties of Glafenine 


W. BAEYENS” and P. DE MOERLOOSE 


Abstract 0 The fluorescence properties of glafenine are partly caused 
by the anthranilic acid nucleus of the molecule. Correlations are made 
between fluorescence capacities and UV absorbance. Analytical deter- 
minations can be carried out in different solvents, e.g., ether, benzene, 
and ethanol. Linearity of the emission intensity with the concentration, 
limiting detectable sample concentrations, and Stokes shifts are re- 
ported. 


Keyphrases 0 Glafenine-fluorescence characteristics in various sol- 
vents, effect of pH Fluorescence characteristics-glafenine in various 
solvents, effect of pH 0 Analgesics-glafenine, fluorescence character- 
istics in various solvents, effect of pH 


Glafeninel (I), 2-[(7-chloro-4-quinolinyl)amino] benzoic 
acid 2,3-dihydroxypropyl ester, is used frequently for its 
analgesic properties. It is a pale-yellow powder, mp 165O, 
and is nearly insoluble in water, slightly soluble in organic 
solvents, and soluble in aqueous acid solutions. Since this 


substances such as IV, which interfere in the chemical methods (see 
Sample 8, Table 11). Furthermore, IV as an impurity can be detected 
accurately up to 0.5% in samples of I1 by this GLC method. 


The good agreement between the data reported in Table I1 supports 
the use of the GLC procedure and indicates that it might supplement the 
chemical methods. 
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substance contains the anthranilic acid nucleus, the fol- 
lowing report is concerned with the question of whether 
this molecule possesses native fluorescence characteris- 
tics. 


Anthranilic acid, o-aminobenzoic acid, exhibits a strong 
native fluorescence (A,,, = 300 nm and Aem = 405 nm at pH 
7) (l), for which pH dependence (2), decay time (31, and 
assay in human urine (4) have been reported. 


Solutions of glafenine in diluted mineral acids show an 
intense yellow color but do not fluoresce. In neutral and 


c1 
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solvents, and soluble in aqueous acid solutions. Since this 


substances such as IV, which interfere in the chemical methods (see 
Sample 8, Table 11). Furthermore, IV as an impurity can be detected 
accurately up to 0.5% in samples of I1 by this GLC method. 
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substance contains the anthranilic acid nucleus, the fol- 
lowing report is concerned with the question of whether 
this molecule possesses native fluorescence characteris- 
tics. 


Anthranilic acid, o-aminobenzoic acid, exhibits a strong 
native fluorescence (A,,, = 300 nm and Aem = 405 nm at pH 
7) (l), for which pH dependence (2), decay time (31, and 
assay in human urine (4) have been reported. 


Solutions of glafenine in diluted mineral acids show an 
intense yellow color but do not fluoresce. In neutral and 
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Table I-Fluorescence Characteristics of Glafenine in Various Solvents ( 5  pg/ml) 


Aexo Aem Stokes Shift, 
nm nm Intensity" cm-' (5,6) Solvent 


Benzene 330 392 20 4790 
Ether 250b, 327 400 17 5580 
Chloroform 250b, 340 436 10 6480 
2-Propanol-10% (v/v) buffer, pH 9" (0.1 N glycine-sodium hydroxide) 340 4 10 6 5020 
2-Propanol-lO% (v/v) buffer, pH 4 (0.1 N citrate-hydrochloric acid) 265b, 355 450 2 5950 
2-Propanol-lO% (v/v) buffer, pH 1 (0.2 N potassium chloride- 300 407 0.5 8760 


Ethanol 245b, 336 439 6 6980 
Methanol 245b, 336 425 2 6230 
Methanol-lO% (v/v) ammoniaC (28% w/w) 273b, 365 455 0.5 5420 
Acetone 330 430 0.5 7050 


hydrochloric acid) 


Sulfuric acid (10-0.005 N )  - - No signal - 


Referred to a solution of quinine sulfate in a concentration of 1 pg/ml in 0.5 N sulfuric acid, of which the relative fluorescence intensity is 100, measured simultaneously. 
Secondary excitation value with much less intensity. Care should be taken for possible precipitation in the alkaline medium. 


alkaline media, however, a remarkable blue fluorescence 
is observed on irradiation at 350 nm. 


DISCUSSION 
Since the fluorescence phenomenon basically is preceded by the light 


absorption of the molecule, the visible and UV spectra of this compound 
were checked in various solvents to correlate them with the activation 
spectra. The following absorption maxima can be assigned: ethanol, 355 
( t  19,600) and 255 (c  17,000) nm; acetone, 355 ( t  18,700) and 255 (e  5600) 
nm; chloroform, 360 (c 22,900) and 255 (t 18,100) nm; ether, 351 (t 19,300) 
and 255 (c  19,000) nm; and benzene, 360 (c  14,900) and 255 ( t  4100) 
nm. 


Activation and fluorescence spectra were taken in various solvents a t  
different pH values. No fluorescence emission occurred in the lower pH 
range; from pH 4 to more alkaline media, fluorescence occurred with a 
maximum at  pH 9-10, 


Table I illustrates excitation and emission maxima in order of de- 
creasing intensity. The Stokes shift, a measure of the energy dissipated 
during the lifetime of the excited state before return to the ground state, 
increased with increasing solvent polarity, and the compound behaved 
as an organic base (Table I). 


When comparing wavelength maxima of light absorption and those 
corresponding with the activation maxima, it can be noticed that fluo- 
rescence emission occurred most intensely after illumination at  320-360 
nm, the wavelengths of highest molar absorptivities, considering in- 
strumental artifacts of wavelength calibration. However, the energetically 
most favorable 245-265-nm wavelengths of absorption distinctly were 
of inferior value in the fluorescence process. When c was low (<6000), no 
secondary excitation maximum could be assigned in the fluorescence 
process. 


Figure 1 illustrates the dual excitation pattern and the emission 
spectrum of glafenine dissolved in ether. The relation between the relative 


" 250 350 450 
NANOMETERS 


Figure I-Excitation and emission spectra of glafenine in ether (10 
pg/ml); A,,, = (250, secondary value with much less intensity) 327 nm 
and A,, = 400 nm. 


emission intensity and the analytical concentration is shown in Fig. 2. 
The signal was linear up to 8 pg/ml, followed by the self-absorption effect, 
causing a negative curvature from 15 to 20 pg/ml. The limiting detectable 
sample concentration estimated graphically (7) is 8 X pglml. Anal- 
ogous results were obtained from benzene: A,,, = 330 nm, A,, = 392 nm, 
linearity up to 8 figlrnl, negative curve at 25 pg/ml, and limiting detectable 
sample concentration 5 x pg/ml. For ethanol, the results were: A,,, 
= 336 nm, A,, = 439 nm, linearity up to 8 pg/ml, negative curve a t  15-20 
pglml, and limiting detectable sample concentration 1 X lo-' pg/ml. 


The absence of any clear fluorescence signal of the glafenine molecule 
in the aqueous acid medium illustrates that the native fluorescence ca- 
pacities belong to the undissociated free base, in which the chlorine atom 
causes a decrease of the fluorescence quantum efficiency. 


The native fluorescence of glafenine in ether was used for determining 
this compound directly in tablets after extraction with ether. Samples 
were diluted to a concentration of 5 pg/ml and measured at  the appro- 
priate excitation and emission wavelengths. The time period of extraction 
of the tablets depends on the room temperature and on the particle size 
of the powdered tablets. In the present experiments, magnetic stirring 
periods for extraction varied between 1 and 2 hr. 


A relative standard deviation of 1.7% was obtained. 


EXPERIMENTALz 


Apparatus-A recording spectrophotofluorometer was used for de- 
termining excitation and emission spectra and for measuring fluorescence 
intensities. Spectra were not corrected for variations in lamp intensity 
or photomultiplier sensitivity. 


Chemicals-All chemicals3 were analytical grade. 
Preparation of Solutions for Fluorescence Measurement-All 


I - 


O '  1 0  25 50 75 
CONCENTRATION, pg/ml 


Figure 2-Analytical curve of glafenine in ether. 


The instruments used were: an Aminco-Bowman spectrofluorometer, Catalog 
No. 4-8203 DE, American Instrument Co., Silver Spring, Md.; a Hanovia 150-w 
xenon arc lamp; two grating monochromators; 1 X 1-cm quartz cells; photomultiplier 
R 446 S with high voltage of 0.7 kv and slits varying between 0.5 and 2 mm; a Zeiss 
DMR 21 spectrophotometer; and a Camag TL 900 Universal UV lamp at 254 and 
350 nm. 


E. Merck, Darmstadt, Germany. 
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solutions measured fluorometrically contained 1 X 100 pg of gla- 
fenine/ml of solvent. All glassware should be free of fluorescent con- 
taminants and, therefore, frequently rinsed with distilled water; quartz 
sample cells are preferably cleaned with nitric acid followed by distilled 
water. 


Determination of Glafenine in  Tablets-Ten tablets were weighed 
accurately, and the average weight was calculated. They were brought 
to a homogeneous fine powder in a mortar, and a quantity equivalent to 
25 mg of glafenine was transferred into a 500-ml conical flask. About 450 
ml of ether was added, and the mixture was stirred with a magnetic stirrer 
for 2 hr. After filtration on a paper filter, the filtrate was diluted to 500 
ml with ether. Then 10 ml of this solution was diluted to 100 ml with 
ether. 


An analogous standard solution was prepared by dissolving 25 mg of 
glafenine in 500 ml of ether; 10 ml of this solution was diluted to 100 ml 
with ether. 


I t  is advisable to extract the tablets simultaneously with the prepara- 
tion of the standard solution or during a t  least the same period to avoid 
incomplete extraction. 


Pure ether was used as a blank solution. Fluorometric measurement 
was performed a t  327-nm excitation and 400-nm emission. 
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Gonadotropin-Inhibitory Contaminants in 
Partially Purified Pharmaceutical Preparations of 
Human Chorionic Gonadotropin 


MARIA LUISA FORCELLEDO and MANUEL de la LASTRAX 


Abstract Various commercial preparations of partially purified human 
chorionic gonadotropin, inactivated by heating, inhibited the uterine 
growth induced in immature mice with the same active gonadotropins 
as well as spontaneous uterine growth. The more purified preparations 
of chorionic gonadotropin failed to produce these effects after inactivation 
by boiling, suggesting that the inhibitory activity is not generated from 
gonadotropin by the procedure but may be related to some contaminant 
similar t o  the gonadotropin-inhibitory substance previously found in 
human urine. 


Keyphrases 0 Gonadotropin, human chorionic-various commercial 
preparations, presence of inhibitory contaminants Contaminants, 
inhibitory-presence in various commercial preparations of human 
chorionic gonadotropin Inhibitory contaminants-presence in various 
commercial preparations of human chorionic gonadotropin 


Human chorionic gonadotropin (I) for clinical purposes 
is a concentrate of the urine of pregnant women containing 
several hundred to 1000 international units (IU)/mg. It  is 
obtained by a procedure that may also extract the gona- 
dotropin-inhibitory substance (11) reported previously 
(1-3). In the present work, the occurrence of I1 was studied 
in various commercially available brands of I and in highly 
purified preparations. Preliminary results were reported 
previously (4). 


EXPERIMENTAL 


Five preparations of human chorionic gonadotropin were studied: 


partially purified preparations Ia’, Ib2, and Ic3 and highly purified 
preparations Id4 and Ie5, with an activity of 13,000 and 10,000 IU/mg, 
respectively. These materials were dissolved in distilled water (500 IU/ 
ml), pH 5-6, and boiled under reflux in a water bath for 1 hr to inactivate 
the gonadotropin activity (3). The final volume was adjusted to the de- 
sired concentration by adding water. 


Biological assays were done in immature mice, 7.5-10.0 g, of the Balb-c 
strain. Different doses of boiled I preparations were injected, alone or with 
unboiled I, a t  different sites or mixed in the same syringe. The total dose 
of boiled and unboiled I was given in five subcutaneous injections, 0.2 ml 
each, for 3 days. Necropsy was performed on the 4th day, 24 hr after the 
last injection. 


The mice were killed with ether. The uteri were dissected clean of 
surrounding tissue, dried by blotting on filter paper, and weighed on a 
precision balance to  the nearest hundredth of a milligram. The Student 
t test was used to compare the mean weights of the uteri obtained from 
the different experimental groups. 


RESULTS AND DISCUSSION 


The less pure preparations of I, with 1000 IU/mg, inactivated by 
boiling, inhibited the vaginal opening and uterine growth induced with 
unboiled I in immature mice (Table I). This effect appeared when both 
preparations were injected together or separately in different subcuta- 
neous sites. No signs of toxicity were evidenced, and the growth of the 
treated and untreated mice was similar. The heat-inactivated I also in- 
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solutions measured fluorometrically contained 1 X 100 pg of gla- 
fenine/ml of solvent. All glassware should be free of fluorescent con- 
taminants and, therefore, frequently rinsed with distilled water; quartz 
sample cells are preferably cleaned with nitric acid followed by distilled 
water. 


Determination of Glafenine in  Tablets-Ten tablets were weighed 
accurately, and the average weight was calculated. They were brought 
to a homogeneous fine powder in a mortar, and a quantity equivalent to 
25 mg of glafenine was transferred into a 500-ml conical flask. About 450 
ml of ether was added, and the mixture was stirred with a magnetic stirrer 
for 2 hr. After filtration on a paper filter, the filtrate was diluted to 500 
ml with ether. Then 10 ml of this solution was diluted to 100 ml with 
ether. 


An analogous standard solution was prepared by dissolving 25 mg of 
glafenine in 500 ml of ether; 10 ml of this solution was diluted to 100 ml 
with ether. 


I t  is advisable to extract the tablets simultaneously with the prepara- 
tion of the standard solution or during a t  least the same period to avoid 
incomplete extraction. 


Pure ether was used as a blank solution. Fluorometric measurement 
was performed a t  327-nm excitation and 400-nm emission. 
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Gonadotropin-Inhibitory Contaminants in 
Partially Purified Pharmaceutical Preparations of 
Human Chorionic Gonadotropin 


MARIA LUISA FORCELLEDO and MANUEL de la LASTRAX 


Abstract Various commercial preparations of partially purified human 
chorionic gonadotropin, inactivated by heating, inhibited the uterine 
growth induced in immature mice with the same active gonadotropins 
as well as spontaneous uterine growth. The more purified preparations 
of chorionic gonadotropin failed to produce these effects after inactivation 
by boiling, suggesting that the inhibitory activity is not generated from 
gonadotropin by the procedure but may be related to some contaminant 
similar t o  the gonadotropin-inhibitory substance previously found in 
human urine. 


Keyphrases 0 Gonadotropin, human chorionic-various commercial 
preparations, presence of inhibitory contaminants Contaminants, 
inhibitory-presence in various commercial preparations of human 
chorionic gonadotropin Inhibitory contaminants-presence in various 
commercial preparations of human chorionic gonadotropin 


Human chorionic gonadotropin (I) for clinical purposes 
is a concentrate of the urine of pregnant women containing 
several hundred to 1000 international units (IU)/mg. It  is 
obtained by a procedure that may also extract the gona- 
dotropin-inhibitory substance (11) reported previously 
(1-3). In the present work, the occurrence of I1 was studied 
in various commercially available brands of I and in highly 
purified preparations. Preliminary results were reported 
previously (4). 


EXPERIMENTAL 


Five preparations of human chorionic gonadotropin were studied: 


partially purified preparations Ia’, Ib2, and Ic3 and highly purified 
preparations Id4 and Ie5, with an activity of 13,000 and 10,000 IU/mg, 
respectively. These materials were dissolved in distilled water (500 IU/ 
ml), pH 5-6, and boiled under reflux in a water bath for 1 hr to inactivate 
the gonadotropin activity (3). The final volume was adjusted to the de- 
sired concentration by adding water. 


Biological assays were done in immature mice, 7.5-10.0 g, of the Balb-c 
strain. Different doses of boiled I preparations were injected, alone or with 
unboiled I, a t  different sites or mixed in the same syringe. The total dose 
of boiled and unboiled I was given in five subcutaneous injections, 0.2 ml 
each, for 3 days. Necropsy was performed on the 4th day, 24 hr after the 
last injection. 


The mice were killed with ether. The uteri were dissected clean of 
surrounding tissue, dried by blotting on filter paper, and weighed on a 
precision balance to  the nearest hundredth of a milligram. The Student 
t test was used to compare the mean weights of the uteri obtained from 
the different experimental groups. 


RESULTS AND DISCUSSION 


The less pure preparations of I, with 1000 IU/mg, inactivated by 
boiling, inhibited the vaginal opening and uterine growth induced with 
unboiled I in immature mice (Table I). This effect appeared when both 
preparations were injected together or separately in different subcuta- 
neous sites. No signs of toxicity were evidenced, and the growth of the 
treated and untreated mice was similar. The heat-inactivated I also in- 
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Table I-Antagonism between Boiled and Unboiled I on Uterine Growth in Immature Mice 
Open Uterine Weight, 


Vagina, Mean f SE, 
Treatment % mg n P 


Unboiled Ia, 0.125 I 
Unboiled Ia, 0.125 IU, plus boiled Ia, 0.125 IU 
Unboiled Ia, 0.25 I 
Unboiled Ia, 0.25 IU, plus boiled Ia, 0.25 IU 


100 
83 


100 
55 


19.05 f 1.69 
17.40 f 2.34 


7 
6 NS 


26.67 f 2.45 12 = 0.01 
15.11 f 2.28 9 


Unboiled Ia, 0.50 I 100 41.50 f 1.61 8 <0.01 
Unboiled Ia, 0.50 IU, plus boiled Ia, 0.50 IU 50 22.50 f 4.12 6 


a NS = not significant. 


hibited spontaneous uterine growth (Table 11). The more purified 
preparations of I, with 10,000 and 13,000 IU/mg, failed to produce this 
inhibition after inactivation by boiling. 


According to these results, various preparations of I for clinical pur- 
poses contain a gonadotropin-inhibitory substance, apparently similar 
to that found in human urine previously (1-3). Previous investigators 
also reported an inhibition of the exogenous hormonal stimulation. In 
the present experiments, the material contained in different preparations 
of I also inhibited spontaneous sexual maturation, as shown by a delay 
in uterine growth. 


The possibility that this gonadotropin-inhibitory substance might be 
generated from gonadotropin by the inactivation procedure was dis- 


Table 11-Inhibitory Effect of Boiled Preparations of I on 
Uterine Growth in Immature Mice 


Uterine Weight, 


IU of Boiled I mg n uersus Saline 
Treatment, Mean f SE, P 


Saline 
Ia, 0.125 
Ia, 0.250 
Ia, 0.500 
Saline 
Ib, 1.0 
Ib, 2.0 
Ib, 5.0 
Saline 
Ic, 1.0 
Ic, 2.0 
Saline 
Id, 1.0 
Id, 2.0 
Id, 10.0 


6.03 f 0.28 12 
5.42 f 0.18 9 NS" 
4.42 f 0.25 8 <0.001 
3.10 f 0.43 8 <0.001 
8.64 f 0.98 19 
7.37 f 0.55 12 NS 
6.54 f 0.94 6 NS 
5.75 f 0.47 6 <0.01 
8.60 f 0.53 6 
7.17 f 0.49 7 NS 
5.91 f 0.44 7 <0.01 
7.45 f 0.40 10 
7.18 f 0.94 5 NS 
7.9i f 0.90 5 NS 
7.93 f 0.94 6 NS 


Saline 9.44 f 0.90 10 
T P .  1.0 8.56 f 0.66 6 NS 
1,: 2:o 7.50 f 0.53 6 NS 
Ie, 10.0 8.30 f 0.58 6 NS 


NS 5 not significant. 


proved by the fact that the more purified preparations showed no in- 
hibitory activity after inactivation by heating. It seems more possible to 
relate I1 to some of the molecules contaminating I in the partidy purified 
commercial preparations (5). One study (6) supported this contention. 
The urine of a patient with choriocarcinoma was concentrated by pressure 
dialysis, and a fourfold increase in the total amount of human chorionic 
gonadotropin activity of the sample was obtained, suggesting that the 
dialysis procedure eliminated an inhibitory contaminant of I. 


The effect of I1 in humans is still unknown, but it may account for the 
variability of the biological activity of human chorionic gonadotropin 
preparations. Knowledge of an inhibiting impurity contaminating 
preparations of I might be an incentive to produce purer preparations. 
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